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ABSTRACT 

Recently, Brassica compestris (B. compestris) 
L is commonly known as sarson, has become a very 
important crop for plant oil production. The effect of 
polycyclic aromatic hydrocarbons (PAHs) under 
ultraviolet radiations (UVR) on the germination of 
male gametophyte of B. compestris    was studied at 
different concentrations. The pollen samples were 
collected from flowering twig of Brassica 
compestris. Flavonols, an uncolored flavonoid 
subclass, have a high anti-oxidative effect and are 
known to have anti-proliferative, antiangiogenic, 
and neuropharmacological properties. However, no 
studies on the effects of pollen grain germination of 
polycyclic aromatic hydrocarbons (PAHs) under 
UVR. In this study, we found that the higher 
concentration of PAHs under UVR inhibit or 
delayed the growth of pollen grain. In vitro shoots 
correlated with slightly higher ROS scavenging 
activities. Although the treatment delayed 
germination, it did not increase the concentration of 
cellular reactive oxygen species. Thus, our results 
indicate that inhibition of B. compestris pollen grains 
germination under exposure of PAHs with UVR is 
due to oxidative stress. 

 
 

KEYWORDS: 
Brassica compestris; Pollen grain germination; UVR; 
PAHs 

 
 

INTRODUCTION  

Pollution has become a menacing problem 
affecting world population so enormously that 
researchers from cell corners of world withdrawing 
their attention from various other biological 
problems compelled to consider environment at its 
fore front. The ozone layer depletion in stratospheric 
has increased the ambient level of UVR on the 

 [1]. Increase in UVR intensity is 
likely to induce phototoxic responses like skin 
cancer, cataract, inhibition of human response to 

infectious diseases and reduction in plant yield and 
quality [2].  Levels of ambient UVR intensities were 
found greater in tropical and high altitude regions 
Bachelet et al [3] leading to phototoxic effects on 
their flora [4].  It is important to determine the 
biological effectiveness of sunlight precisely in the 
UVA (320-400 nm) and UVB spectral range (290-
320 nm) on flora [5]. Polycyclic aromatic 
hydrocarbons (PAHs) are environmentally persistent 
organic compounds of various structures and varied 
toxicity as well as genotoxic environmental 
contaminants [6]. Approximately 43,000 metric tons 
of PAHs are discharged into the atmosphere while 
230,000 tons enter aquatic environments yearly, 
worldwide [7].  Upon light absorption, PAHs are 
excited to their upper energy states and are active 
type II photosensitizers that can initiate a series of 
excited state reactions leading to photo activation of 
mutagens, toxicity via the photosensitized 
production of biologically damaging singlet oxygen, 
and photo modification that results in toxic products 
[8].  ROS and other reactive intermediates that can 
damage DNA, protein, and cell membrane, leading 
to acute toxicity and genotoxicity. However, photo 
modified PAHs affects the seedling and inhibits root 
growth. Thus, intact PAHs are hazardous to 
terrestrial plants in the presence of light, but once the 
compounds are photo modified, actinic radiation is 
no longer an absolute requirement for phytotoxic 
activity. They may affect pollen grains, either 
indirectly via growth stress on the plant or directly 
through contamination of the anthers of a plant or 
during the flight of pollen grains through the air [9]. 

Brassica campestris is the oil seed crop. The 
seed contain 35% -50 % of fatty oil and about 20% 
of protein matter. In this study we explore the toxic 
effect of PAHs under UVR in pollen grain 
germination.  

 
 

MATERIALS AND METHODS 

Chemicals. Anthracene, benzo (a)pyrene, 
pyrene, mehylene blue, rose bengal and L-histidine 
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were procured from Sigma Chemical Co. (St. Louis, 
MO) USA.Hoagland Medium compounds were 
obtained from Merck Germany.  

 
Radiation source and irradiation of pollen 

slide to different radiation. The UV system 
comprised an array of 1.2 m long UV emitting tubes 
manufactured by Vilber Lourmat (France). The 
intensity of emitted light was measured by a 
microprocessor-controlled RMX-3 W radiometer 
(Vilber Lourmat) equipped with calibrated UVA, 
UVB and UVC detecting probes. The radiation dose 
was measured in mW/cm2. Radiation exposure was 
carried out in a temperature controlled radiation 
chamber at 25±2 C. 

Pollen along with culture medium was taken in 
cavity slide for irradiation under UVA and UVB and 
sunlight. A minimum distance of 22 cm of the 
radiation source to sample was kept for pollen 
germination. Sample radiated in sun light were kept 
on ice packs for the protection of thermal (heat) 
effects and to avoid the evaporation. The sample was 
exposed to clear sunlight on sunny days during the 
peak hours i.e. 11 AM to 1 PM. 

 
Hoagland medium and collection of pollens 

grains. Maintenance of Brassica campestris twig 
with inflorescence in Hoagland and Arnon medium 
[10] in laboratory. Different salt solution was 
prepared as per Table 1. 10 ml of each KNO3, 
MgSO4.7H2O and KH2PO4 were taken in 900 ml 
DDW in a 1000 mL conical flask shaken well and 
then 1 ml of salt mixture solution + EDTA and 
FeSO4 were added shaken well and the volume was 
brought up to 980 ml, after this 10 mL of Ca (NO3)2 
solution were added, mix well and volume was made 
up to 1000 mL. The solution was then autoclave. 
Brassica campestris twig with inflorescence were 
collected from agriculture field. The twig was kept 
in polyethylene bags containing small amount of 
water, brought to laboratory. Then twig was kept in 
6% Hoagland medium till the experiment (usually 1-
2 days).Pollen grains were collected from freshly 
dehisced anthers on a dry cavity slide and exposed to 
vapor phase pre hydration for 30-60 min in petri 
plates lined with moist filter paper. 

 
TABLE 1 

Hoagland medium                 
Compound Stock 

solution 
(g/L) 

Concentration 
of stock to 

make 1 liter 
of nutrient 

solution 
(cc./liter) 

Ca(NO3)2.4H2

O 
KNO3 
MgSO4.7H2O 
KH2PO4 

118.60 
50.25 
24.08 
13.61 

10 
10 
10 
10 

The following (except EDTA and Fe) 
were combined into one stock  

 
 
H3BO3 
MnCl2.4H2O or 
MnSO4.H2O 
ZnSO4.7H2O 
CuSO4.5H2O 
H2MoO4.H2O  or 
MoO3.H2O 
EDTA (pot.salt) 
FeSO4.7H2O 
 

 
2.86  
1.18  
1.54  
0.22  
0.08  
0.09  
0.075 
2.5  
2.5  

 
  
 
  One ml of stock 
solution 
 
 
 
 
  One ml of stock 
solution    
  

 
Preparation of pollen germination culture 

medium. The culture medium was prepared as per 
[11] Briefly the solution contains 

sucrose, boric acid, calcium chloride, potassium 
 

media in 1 mL of each salt solution was added to 
sucrose solution and made up to 100 ml, pH 8.5 and 
it was autoclave (Table 2). 

 
TABLE 2 

 
          Compound           Concentration 
             Sucrose 
             H3BO3 
             Cacl2 
             KNO3 
             Tris 

         20% 
        10 mg/L 
         362 mg/L 
         100 mg/L 
        80 mg/L 

 
Germination of pollen grains. On a dry cavity 

slide pollen grain were kept and pre hydrated for 30-
60 min as given above. Then 2-3 drop of culture 
medium was poured on the slide with petri dishes 
lined with moist filter paper was kept in incubator at 
25ºC. After 1 h the slide were observed for pollen 
germination under microscope (Zeiss Light 
Microscope). 

 
Determination of absorption spectra of 

PAHs and positive and negative control. The 
spectra of PAHs were scanned in the wavelength 
range between 200-700 nm which covers UVA, 
UVB and visible spectrum by using 
spectrophotometer (Cintra-40 UV/Visible). First the 
base line was drawn by using the solvent in which 
test compound was dissolved. PAHs (anthracene, 
benzo (a) pyrene and pyrene) showed absorbance in 
UVA, region of solar spectrum. Benzo (a) pyrene 
also showed absorption in UVB region. 

Water soluble dye rose bengal, methylene blue 
and L-histidine an amino acid was taken as positive 
and negative control respectively. Rose bengal and 
methylene blue shows absorption in visible region of 
solar spectrum while L-histidine did not show any 
peaks in UVA and UVB and visible region. 
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Pollen grain germination in presence of 
PAH, positive and negative control. Different 
concentration of test compound (stock in 
alcohol/water) was prepared. Known quantity of test 
compound solution (10 μg/mL range) was added to 
culture medium. For control study the same amount 
of solvent (alcohol/water) were added to culture 
medium to serve as control. Two sets with three 
replicates of each test compound were prepared. 
Pollen grain was kept in cavity slides after those 2-3 
drops culture medium containing test compound was 
added to cavity slide. One set was kept for exposure 
in UVA/UVB/sunlight while the other set kept in 
dark. 

 
Statistical analysis. For every parameter, three 

independent experiments were performed in 
duplicates. Data were expressed as mean (±SE) and 
analyzed by one-way ANOVA. P-value (< .05) was 
considered statistically significant. 

 
 

RESULTS 

Screening of methylene blue, Rose, Bengal, 
L-histidine, PAHs. Absorption spectra of 
methylene blue are shown in Fig. 1A. Three 
prominent peaks were observed at wavelength 245, 
286, and 610 nm (Fig. 1A). The corresponding 
absorbance was 0.55, 1.25, and 1.40. Since first two 
peaks falls in UVC region and no UVC reach on 
earth surface in sunlight, so the phototoxic study was 
carried out in visible region (sunlight). 

The absorbance spectra of rose bengal is 
shown in Fig.1B. The major peaks were observed 
were at wavelength of 210, 265, 315, 510, and 550 
nm (Fig. 1B). The absorbance at their wavelength 
was 0.55, 0.30, 0.10, 0.30 and 0.80. Since the 
prominent are in visible region of solar spectrum 
therefore phototoxic study was carried out in 
sunlight. 

The absorption spectra of L-histidine are shown 
in Fig. 1C. Absorption spectra show very little 
absorbance in UVC (0.40 at 210 nm) (Fig. 1C). Since 
no UVC reaches on earth surface so L-histidine does 
not absorb any radiation. So it also serves as negative 
control. 

Absorption spectra of anthracene are shown in 
Fig.2A. Absorption spectra of anthracene shown 
prominent peak at wavelength 215, 310, 325, 340, 
355 and 375 nm with absorbance (OD) of 1.9, 0.2, 
0.5, 0.9, 1.4, and 1.3 respectively. It shows 
absorbance in UVC, UVB, and UVA region of solar 
spectrum. Comparatively UVA absorption was 
much prominent in comparison to UVB (Fig.2A). 

The absorption spectra of benzo (a) pyrene is 
shown in Fig.2B.  It shows absorbance in UVC, 
UVB, and UVA region of solar spectrum. In 
benzo(a)pyrene UVB region have higher absorbance 
in comparison to UVA so the phototoxic study of the 
benzo(a)pyrene was performed in both UVA and 
UVB radiation. The prominent peaks were observed 
at wavelength 205, 225, 255, 260, 280, 295, 305, 
345, 365, 380, 385, and 405 nm with their 
absorbance of 1.45, 1.10, 1.15, 1.75, 2.10, 1.85, 2.25, 
0.20, 0.50, 1.00, 1.05, and 0.10 respectively 
(Fig.2B). 

 

 
FIGURE 1 

A. Mehylene blue absorption spectra and prominent peaks were observed at wavelength 245, 286, and 610 
nm and corresponding absorbance was 0.55, 1.25, and 1.40. 
B. Absorbance spectra of Rose Bengal and prominent peaks were observed were at wavelength of 210, 265, 
315, 510, and 550nm. The absorbance at their wavelength was 0.55, 0.30, 0.10, 0.30 and 0.80. 
C. Absorption spectra of L-histidine shows very little absorbance in UV-C (0.40 at 210nm). Since no UV-C 
reaches on earth surface so L-Histidine does not absorb any radiation. So it also serves as negative control. 
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The absorption spectra of pyrene are shown in 
Fig.2C. The peak were observed at wavelength 230, 
235, 250, 260, 270, 295, 305, 320 and 335nm with 
their corresponding  absorbance of 3.1, 4.2, 0.7, 1.8, 
2.7, 0.3, 0.9, 2.2 and 3.2 the compound shows 
absorbance in UVC, UVB, and UVA region of solar 
spectrum. Since no UVC reaches on earth surface in 
sun light and the absorbance was much higher in 
UVA region, the phototoxic study of this compound 
was carried out in UVA (Fig.2C). 

 
Pollen germination in presence of PAHs 

under UVA and UVB radiation. The effect of 
UVA on pollen germination in presence of 
anthracene is shown in Fig.3 as evident from figure 
germination was dose dependent.   In dark condition 

germination was 91.0, 86.0, 79.50,  78.0, 65.0 
% was observed at 0, 3, 5, 7 and 10 μg/mL  
respectively data shows as a concentration of 
anthracene  was increased the % germination  
decreased (Table 3). Under UVA (1.5 mW/cm2) for 
30 min, condition percent germination was 93.0, 
72.0, 67.0, 28.0, 0 % (Table 3). This data also shows 
decrease in percent germination was dose dependent 
as the concentration of the anthracene increased the 
percent germination decreased. On comparison of 
UV exposed and unexposed pollen germination the 
percent germination drastically decreased in UVA 
condition. At 10 μg/mL percent germination was 
65% whereas in light condition it was zero (Table 3, 
Fig.3).  

 

 
FIGURE 2 

A. Absorption spectra of anthracene is shown prominent peaks at wavelength 215, 310, 325, 340, 355 and 
375 nm with absorbance of 1.9, 0.2, 0.5, 0.9, 1.4 and 1.3 respectively. It shows absorbance in UVC, UVB, and 
UVA region of solar spectrum. Comparatively UVA absorption was much prominent in comparison to 
UVA. 
B. Absorption spectra of benzo(a)pyrene is shown prominent peaks at wavelength 205, 225, 255, 260, 280, 
295, 305, 345, 365, 380, 385, and 405nm with their absorbance of 1.45, 1.10, 1.15, 1.75, 2.10, 1.85, 2.25, 0.20, 
0.50, 1.00, 1.05, and 0.10 respectively. Benzo (a)pyrene shows absorbance in UVC, UVB, and UVA region of 
solar spectrum. In benzo (a) pyrene UVB region have higher absorbance in comparison to UVA so the 
phototoxic study of the benzo(a)pyrene was performed in both UVA and UVB radiation.  
C. Absorption spectra of pyrene is shown  prominent  peaks at wavelength 230, 235, 250, 260, 270, 295, 305, 
320 and 335 nm with their corresponding  absorbance of 3.1, 4.2, 0.7, 1.8, 2.7, 0.3, 0.9, 2.2 and 3.2 the 
compound shows absorbance in UVC, UVB, and UVA region of solar spectrum.  

TABLE 3 
Percent germination of pollen grain in anthracene treated pollens in dark and light UVA  

(1.5 mW/cm2 for 30 min). 
Concentration 

(μg/ml) 
Germination                  (%) 

Dark UV-A (1.5 mw/cm2) 
0 91.0±0.89 93.0±1.16a 
3 86.95±1.02 72.0±0.97 a 

5 79.00±0.68 67.0±0.74 a 
7 78.00±0.88 28.0±0.92 a 

10 65.00±0.54 0 a 

Values with alphabet superscript differ significantly (p < 0.05) between treatments (anthracene under 
dark and anthracene + under UVA) within concentration. 
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FIGURE 3 

Effect of UVA (1.5 mw/cm2 for 30 min) on pollen grain germination in the  
presence of anthracene. 

 
TABLE 4 

Percent germination of pollen grain in benzo (a) pyrene treated pollens in dark and UVA  
(1.5mW/cm2 for 30 min). 

Concentration 
(μg/ml) 

Germination (%) 
Dark UV-A (1.5 mw/cm2) 

0 92.1±1.63 80.14±1.04 a 

10 68.42±1.10 64.0±0.76 a 

20 48.64±0.84 33.33±0.55 a 

30 64.7±0.47 15.0 ±0.83 a 
Values with alphabet superscript differ significantly (p < 0.05) between treatments  
(benzo(a)pyrene  under dark and benzo(a)pyrene  + under UVA) within concentration. 
 
Effect of UVA radiation on pollen germination 

is shown in Fig. 4. Benzo (a)pyrene treated pollen 
grain were exposed to UVA (1.5 mW/cm2) for 30 
min. The UVA exposure caused decreased in pollen 
germination. The pollen grain were exposed to 10, 
20, and 30 μg/ml benzo(a)pyrene. The percent 

germination in dark condition was 92.0, 68.42, 48.64 
and 64.70% at 0, 10, 20 and 30 μg/mL respectively. 
In UVA exposure percent germination was 82.14, 
64.0, 33.33 and 15.0 % at 0, 10, 20 and 30 μg/mL 
respectively (Table 4, Fig.3). 

 

 
FIGURE 4 

Effect of UVA (1.5 mw/cm2 for 30 min) on pollen grain germination in the  
presence of benzo(a)pyrene. 
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TABLE 5 
 Percent germination of pollen grain in benzo(a)pyrene  treated pollens in dark and UVB  

(0.4mW/cm2 for 30 min). 

Values with alphabet superscript differ significantly (p < 0.05) between treatments (benzo(a)pyrene  under 
dark and benzo(a)pyrene  + under UVB) within concentration. 

 
Effect of UVB (0.4mW/cm2) for 30 min 

radiation on benzo(a)pyrene treated pollen grain 
shown in Fig 5. The pollen grain were treated with 
benzo(a)pyrene (0, 3, 5 and 10 μg/mL). The percent 
germination was 74.41, 71.87, 66.66, and 40.63 at 0, 
3, 5, and 10 μg/mL respectively in dark. The percent 
germination in UVB is 50.0, 57.14, 30.55 and 0, at 
0, 3, 5, and 10 μg/mL respectively. As evident from 
Fig. 5 and Table 5   UVB radiation reduced pollen 
germination.  

Effect of UVA (1.5mW/cm2) for 30 min on 
pyrene treated pollen grain of is shown in Fig. 6. The 

percent germination  in unexposed pollen grain but 
treated with different concentration of pyrene 0, 10, 
20 and 30 μg/mL  was 85.71, 82.14, 80.0, and 48.48 
% respectively (Table 6). The decrease in 
germination was pyrene concentration dependent. In 
UVA exposed pollen grains the percent germination 
was 83.78, 87.5, 45.94 and 0 % at 0, 10, 20, and 30 
μg/mL respectively (Table 6). In this case also the 
germination decrease with increasing concentration 
of pyrene. Where the germination in UVA radiation 
was compared with dark germination was lower in 
UVA condition. 

 

 
FIGURE 5 

Effect of UVB (0.4 mw/cm2 for 30 min) on pollen grain germination in the  
presence of benzo(a)pyrene. 

 
TABLE 6 

Percent germination in pyrene treated pollens in dark and UVA (1.5mW/cm2 for 30 min). 
 

Values with alphabet superscript differ significantly (p < 0.05) between treatments  
(pyrene under dark and pyrene + under UVA) within concentration.  

Concentration 
(μg/ml) 

Germination (%) 
Dark UVB (0.4 mW/cm2) 

0 74.41±0.58 50.0 ±0.75 a 

3 71.87±1.50 57.14±0.96 a 
5 66.66±0.80 30.55±0.69 a 
10 40.63±0.63 0 a 

Concentration 
(μg/ml) 

Germination (%) 
Dark UVA (1.5mW/cm2) 

0 85.71±1.34 83.78±1.02a 
10 82.14±1.20 87.50±1.17 a 
20 80.0 ±1.0 45.94±0.68 a 

30 48.41±0.92 0 a 
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FIGURE 6 

Effect of UVA (1.5 mw/cm2 for 30 min) on pollen grain germination in the  
presence of pyrene. 

 
TABLE 7 

Percent germination in positive and negative compound treated pollens in dark and sunlight  
(intensity 84.4 x 200 k lux for 15 min). 

 
Values with alphabet superscript differ significantly (p < 0.05) between treatments (rose bengal, methylene 
blue and L-histidine under dark and rose bengal, methylene blue and L-histidine + under sunlight) within 
concentration.   
 

 
FIGURE 7 

Effect of sunlight (intensity 84.4 x 200 K   lux on pollen grain germination A. Rose bengal    
B.  Methylene blue C. L-hisitidine. 

Compound 
 

Concentration 
(μg/ml) 

Germination (%) 
Dark Sunlight (intensity 84.4 x 200 k lux). 

Rose Bengal 10 24.0±0.67 0  a 

Methylene blue 10 53.84±0.89 0  a 

L-Histidine 10 81.13±0.57 82.85±1.09 
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Positive (Rose bengal, methylene blue) and 
negative (L-histidine) control.  Effect of sunlight 
on rose bengal, methylene blue and L- histidine are 
shown in Fig 7. Rose bengal and methylene blue are 
known photosensitive compound. They serve as 
positive control whereas L-histidine serves as 
negative control. Pollen germination both in rose 
bengal and methylene blue treated was drastically 
reduced in presence of sunlight.  Whereas in L- 
histidine treatment no effect was observed. The 
percent germination in Rose Bengal and Methylene 
blue is reported in Table 7. Pollen germination was 
24.0 and 53.84% in dark condition (no sunlight 
exposure) whereas in sunlight exposure pollen 
germination was reduced to 0 % (Table 7). In L-
histidine treatment pollen germination in dark and 
sunlight condition was almost same. The percent 
pollen germination was 81.18 and 82.85% in dark 
and light condition (Table 7).  

 
 

DISCUSSION  

Our main aim of this study was to find out the 
effect of PAHs under UVA and UVB on germination 
of pollen grain of Brassica campestris. In this study 
three PAHs compound namely anthracene, benzo (a) 
pyrene, and pyrene were studied for pollen 
germination in presence of photo radiation. The 
response of pollen germination to exposure of UVA 
and UVB in presence of anthracene, benzo 
(a)pyrene, and pyrene over 30 minutes delayed or 
inhibited germination. In general the pollen 
germination decrease with increase in the 
concentration of anthracene, benzo(a)pyrene, and 
pyrene. In presence of radiation the decrease was 
more prominent. Some researchers observed that 
pollen growth tube was decreased at intensity of 
UVB (187 mW/m2) in comparison to without UVB 
exposure.  The level of UVA and UVB normally 
reached at higher intensity at noon.  Most of plant 
species released pollenin in morning or mid-day 
hours, so we exposed pollen grain to sunlight in this 
duration.  

 UVB radiation was found more hazardous than 
UVA radiation. Benzo (a) pyrene was studied both 
under exposure of UVA and UVB radiation. 
Percentage of germination was around 82% in UVA 
without benzo (a) pyrene where as it reduce to 
around 50 % in UVA exposure. Rose bengal and 
methylene blue are known phototoxic compound. 
They were studied at 10 μg/ml concentration and 
both of them reduced germination. At 10 μg/ml both 
compound did not show any germination in sunlight 
exposure. L-histidine does not absorb any radiation 
in visible and UVA and UVB region. Therefore it did 
not reduce germination; on exposure germination 
was almost similar. Heslop-Harrison [12] observed 
pollen tube emission was five times faster in the in 
vitro environment in Secale cereal. Wayne et al. [13] 

has been reported shade-type ultra-structural 
changes in Brassica napus due to UVB radiation 
exposure.  Solar ultraviolet-B radiation increased 
DNA damage and antioxidant responses in plant 
[14]. Thus, our UVR experiments, which necessarily 
had to be conducted with pollen in artificial media, 
may represent a conservative estimate of pollen 
exposure to radiation. In sunlight, the exposure 
during the middle hours of the day would seem to be 
sufficient to result in some inhibition unless there are 
other mitigating factors. Pollen grain and tube 
damage may be due to several factors, including 
pollen tube membrane lesions resulting from the 
direct effects of UVR radiation on membrane lipids 
or proteins [15]. The results of this study indicate that 
ambient UVR levels can more reduce germination 
pollen grain in presence these PAHs compound. This 
result is important for two reasons. 

Among the PAHs compound anthracene was 
the most phototoxic compound followed by pyrene 
and benzo (a) pyrene [16, 17]. PAHs compound 
(anthracene, benzo (a) pyrene and pyrene) were 
studied for their effect on Brassica campestris pollen 
germination. The entire three compounds have 
adverse effect on pollen germination in dark and 
UVR condition. The pattern of photo toxicity is 
anthracene > pyrene> benzo (a)pyrene. 
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SUMMARY 
 

Lemon balm (Melissa officinalis L.) was 
grown in this study by using different mineral 
fertilizer combinations. The highest green herb 
yield was obtained from DAP (Diammonium 
phosphate) in the first year and from 15:15:15 
composed fertilizer treatments in the second year. 
With regard to drug herb yields of fertilizer 
treatments, DAP treatments were prominent in the 
first year and MKP (Monopotassium phosphate) 
treatments were prominent in the second year. 
Nitrogen contents varied between 1.29-1.56 % in 
the first year and between 1.40-1.92 % in the 
second year. MKP and 15:15:15 fertilizer 
treatments were found to be prominent with regard 
to nitrogen contents. MKP and DAP treatments had 
relatively higher phosphorus contents. With regard 
to potassium contents, MKP (2.43 %) and MAP 
(Mono-ammonium phosphate) (2.48 %) treatments 
had higher values than the other treatments. 
Calcium contents of MAP and MKP treatments 
were higher than the other treatments. Magnesium 
contents varied between 0.83-0.98 % in the first 
year and similar values were observed in the second 
year. Essential oil rate varied between 0.30-0.43 % 
in the first year and between 0.20-0.35 % in the 
second year. With regard to essential oil contents, 
MKP treatment was found to be significantly 
different from the other treatments. The most 
significant essential oil components were identified 
as gerenial, neral, citronellal and -caryophyllene. 
 
 
KEYWORDS:  
Melissa officinalis L, conventional cultivation, essential 
oil, yield. 
 
 
INTRODUCTION 
 

Medicinal and aromatic plants are used in 
various areas. Since they are natural and less toxic, 
they have been included in armamentarium of 

(Melissa officinalis L.) is a perennial herbicous 
plant and belongs to Lamiaceae family [1]. It is 

naturally grown in Mediterranean flora and is a 
significant essential oil plant. The plant is widely 
collected especially in Northern and Western 
Anatolia regions of Turkey [2, 3]. Medicinal and 
aromatic plants are used as spice and herbal tea and 
essential oils are used in foods, perfumes, cosmetics 
and pharmaceutics [4, 5, 6, 7]. 

Lemon balm is a medicinal plant with various 
antibacterial, antiviral and antifungal impacts [8, 9, 
10]. Since essential oil of lemon balm has a high 
antioxidant activity, it is used in preservation of 
fruits and vegetables [11]. Because of allopathic 
effects, lemon balm is also used in herbicide 
industry [12]. Pino et al. [13] reported the essential 
oil components of Melissa officinalis L. as neral 
(29.90 %) and gerenial (41.00 %). Sharafzadeh et 
al. [14] investigated the effects of plant nutrients on 
essential oil content and composition of lemon 
balm and observed the highest essential oil contents 
from phospohorus-treated plants. The researchers 
indicated the major essential oil components as 
gerenial (38.10-45.30 %) and neral (29.20-34.10 %) 
and reported the highest essential oil contents for 
nitrogen-phosphorus and nitrogen-treated plants. 
Adzet et al. [15] indicated significant effects of 
harvest time on essential content of lemon balm and 
reported the highest essential content (0.40 %) for 
the harvest performed between September and 
October. Demir et al. [16] stated that nitrogenous 
fertilization did not have significant effects on 
essential oil content and reported the average 
essential oil contents as between 0.08-0.30 %. 
According to Sharafzadeh et al. [14] plant nutrients 
had significant effects on essential oil content and 
composition of medicinal plants. Moradkhani et al. 
[17] also reported significant effects of nitrogenous 
fertilization on yield, essential oil content, plant 
height and number of shoots per stem and indicated 
that optimum N dose improved yields but excessive 
doses spoiled the quality. Ozdemir [18] also reports 
municipal solid waste compost amendment and 
mineral nitrogen fertilization increases seed yield. 

The present study was conducted to assess the 
green and dry herbage yields, macro nutrient 
contents, essential oil contents and essential oil 
compositions of lemon balm grown with 
conventional methods. 
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MATERIAL AND METHOD 
 

Lemon balm plants grown over conventional 
(370 46 atitude and 270 ast 
l
constituted the plant material of the present study. 
Plants were grown for two years (2011-2012). 
Experiments were conducted in randomized blocks 
design with four replications including 5 
conventional treatments (Table 1). Plots were 20 m2 
in size and 30 cm side effect was considered 
between the plots. The following treatments were 
performed over the experimental plots (Table 2). 

 
TABLE 1 

Fertilizers and combinations used in 
conventional farming. 

 
1-15:15:15 (NH4NO3+K2SO4) 

2-MAP (NH4NO3+K2SO4) 
3-DAP (NH4NO3+K2SO4) 
4-MKP (NH4NO3+K2SO4) 

5-Control 

 
While calculating the amounts of fertilizers, 

soil analyses and plant nutrient uptakes for targeted 
yields were taken into consideration. Calculations 
were made for optimum lemon balm yield (green 
herb yield of 1500-4000 kg da-1) and recommended 
nutrients were calculated respectively as 17 kg/da 
N, 14 kg/da P2O5 and 14 kg/da K2O [19]. Soil 
analyses results of the experimental site are 
provided in Table 3. Fertilizers were applied to soil, 
incorporated into soil with disk harrow and Limon 
Balm seedlings were transplanted in experimental 
plots and support water was applied. 

Common traditional 15:15:15, DAP, MAP, 
MKP commercial fertilizers were applied to 
conventional farming plots. Deficient part of the 
fertilizers to be applied was completed with K2SO4 
(potassium sulfate) and NH4NO3 (ammonium 
nitrate) like singe fertilizers. 

Harvest was performed twice from 5 cm above 
the soil surface at full-bloom stage of the plants and 
green herbage yields were determined. Green herb 
of each plot was then dried at shade and dry herb 
yields were determined. Fresh samples were taken 
from each plot to determine nutrient contents.  

For leaf analysis, Fresh samples were collected 
from each plot, washed with pure water, and dried 
in oven at 65-70oC until the last two weighing were 
equal. Dry weights of the plant material were 
determined and the material was ground in mill for 
the mineral/essential plant macro nutrients analysis. 
Results were evaluated on a dry matter (65oC) 
basis. Nitrogen content was determined by 
modified Kjeldahl method Bremner [20]; 
phosphorus content was determined 
calorimetrically from dry-ashed extracts with 
vanadomolibdo phosphoric acid yellow color 
method Lott et al.[21]; K and Ca contents were 
determined with flame photometer, Mg content was 
determined with Atomic Absorption 
Spectrophotometer [22, 23]. 

 
TABLE 2 

Fertilizers used in conventional farming. 
 

Conventional farming plot input 
Amount 
(kg ha-1) 

15:15:15 
NH4NO3 (% 33 N) 
K2SO4 (% 50 K2O) 

266 
188 
160 

MKP (% 52 P2O5 and % 34 K2O) 
NH4NO3 (% 33 N) 
K2SO4 (% 50 K2O) 

77 
303 
188 

DAP (% 18 N and % 46 P2O5) 
NH4NO3 (% 33 N) 
K2SO4 (% 50 K2O) 

87 
255 
240 

MAP (% 12 N and % 61 P2O5) 
NH4NO3 (% 33 N) 
K2SO4 (% 50 K2O) 

65.5 
278 
240 

Control (unfertilized) - 

 
Essential Oil Extraction from Plants. 

Simple Distillation Method. For essential oil 
analyses, 1/3 section of the plants including flower, 
bud and young leaves were cut just before 
flowering and collected materials were air dried at 
shade [24]. Samples were distilled in Clevenger-
type distillation device in accordance with the 
registered essential oil distillation method of 
European Pharmacopeia. Samples were preserved 
in dark color bottles in dark at +4oC until the 
analyses [25]. 
 

 
 

TABLE 3 
Physical and chemical characteristics of experimental soils (0-30 cm). 

 
 CaCO3 Total 

salt 
O. matter Texture Total N Available (mg kg-1) 

pH (%) (%) (%)  (%) P K Ca Mg 
7.60 19.9 0.033 0.82 loam 0.09 2.17 104 5600 290 

P: water extractable by the Bingham; K, Ca, Mg:1N NH4OAc pH=7 
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Qualitative and Quantitative Essential Oil 
Analyses. GS and GC-MS Method. Chemical 
compositions of essential oils were determined with 
gas chromatography (GC) and gas chromatography 
mass spectrometry systems (GC/MS). GC-MS 
analyses were performed in HP Agilent 6890 gas 
chromatograph combined with HP 5973 selective 
mass detector and HP-5 capillary column (60m x 

-MS 
system, electron ionization system with ionization 
energy of 70 eV was used and helium was used as 
the carrier gas at 1 ml/min flow rate. System 
temperature increased from 50 C° to 300 C° with an 
increment rate of 10 C°/min, injector temperature 
was set as 150 C° and detector temperature was set 
as 250 C°. Essential oil samples were diluted with 

sample was injected with an auto-sampler at unsplit 
mode [26]. Agilent 6890N GC system equipped 
with 250 C0 FID detector was used in GC analyses. 
Following the auto-injection, operating 
simultaneously with the same column and same 
method of GS-MS system, relative % values of 
essential oils were calculated with the relevant 
software by the ratio of the area under the peaks to 
total area of the peaks [27]. 

Experimental data were subjected to variance 
analysis with SPSS (version 16.0, Chicago, USA) 
software and differences among the means of each 
year were determined by the least significant 

 
 
 
RESULTS AND DISCUSSION 
 

Green herb yield. The highest green herb 
yield of conventional lemon balm plants of the first 
year was obtained from DAP treatment (464 kg da-

1) and the lowest yield was obtained from the 
control treatment (299 kg da-1). In the second year, 
15:15:15 fertilizer treatment had the highest green 
herb yield with 1326 kg da-1. With regard to green 
herb yields, DAP and 15:15:15 fertilizer treatments 
were prominent (Table 4). As indicated by Katar 
and Gürbüz [28], nitrogen was effective on green 
herbage yields, therefore smaller yield values were 

observed in control treatment. Demir et al., [16] and 
Arslan [29] reported increased yields with nitrogen 
treatments. Yields of the second year exhibited 

[30] also reported 
higher yields in the second year than the first year. 
Lower yields of the first year were probably 
because of lower number of branches per plant and 
adaptation capacities to regional conditions and 
resultant stress [31] [32] carried out a 
study with different plant densities and fertilizer 
conditions in three different locations and reported 
the herb yields as between 1842.6-3312.2 kg da-1 in 

-405.4 kg da-1 in Isparta 
and as between 86.6-504.3 kg da-1 in Çanakkale. 
Current findings of green herb yields were parallel 

[33] [30], but 
were different from the findings of [2]. As it was in 
dry herb yields, since the initial year is the set up 
year in perennial plants, lower plant heights, 
growing practices, ecology, genotype, planting 
density, harvest time and number of harvests may 
all be effective in having lower yield values in the 
first year [1, 30, 31]. Drug herb yield. Considering 
drug herb yields of conventional treatments, the 
highest value of the first year were observed in 
DAP treatments (113 kg da-1) and the highest value 
of the second year was observed in MKP treatments 
(391 kg da-1). Shalaby et al. [34] emphasized 
increasing herb yields with fertilizer treatments and 
indicated that intra-row fertilization yielded the best 
outcomes. 

[30] reported lemon balm drug herb 
yield as 207 kg da-1 in the first year and as 863 kg 
da-1 in the second year of their experiments. Ceylan 
et al. [1] stated drug herb yields as between 212.3-
581.3 kg da-1, Özgüven et al. [35] reported drug 
herb yields of lemon balm grown in Adana as 
between 238.69-1356.66 kg da-1 and herb yields of 

171.29-
362.51 kg da-1. Current drug herb yields of the 
present study were either similar or different from 
the values reported in earlier studies [33, 36, 37, 
38]. As it was in green herb yields, such differences 
were mainly because of experimental locations, 
cultural practices, number of harvests and climate 
conditions [32, 35, 39]. 

 
TABLE 4 

Lemon balm yields under conventional farming conditions. 
 

2011 (First year) 2012 (Second year) 

Treatments Green herb yield 
(kg da-1) 

Drug herb yield 
(kg da-1) 

Green herb yield 
(kg da-1) 

Drug herb yield 
(kg da-1) 

15:15:15 351 85bc 1326a 381a 
MAP 306 69c 1293a 369a 
DAP 464 113a 1168a 327b 
MKP 318 96ab 1293a 391a 

Control 299 63c 343b 90c 
LSD at 1% ns 26.80 236.42 36.28 
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Mineral content. Nitrogen (N). The highest 
total N content was observed in MKP treatment 
(1.56 %) in the first year and in 15:15:15 fertilizer 
treatment (1.92 %) in the second year. The lowest 
N contents of both years (1.29 and 1.40 %) were 
observed in control treatments. N contents of the 
second year were slightly higher that the first year. 
Concordantly, both green and dry herb yields were 
higher in the second year than the first year (Table 
5). But, N contents of MAP and 15:15:15 fertilizer 
treatments were higher than the other treatments 
and such higher values may be related to nitrogen 
content of these two fertilizers.  

Current N contents comply with the findings 
of Khalid and Chai [40] indicating N contents as 
between 0.80-2.70 % in the first harvest and as 
between 0.60-2.60% in the second harvest; and the 
findings of Aziz and El-Ashry [38] indicating N 
contents as between 1.58-2.44 % in the first year 
and as between 1.61-2.40 % in the second year. 

 
Phosphorus (P). The highest P content of 

conventional lemon balm was obtained from MKP 
treatment (0.59 %). However, MKP treatment was 
not significantly different from DAP treatment. In 
other words, P contents of both treatments were 
similar. The lowest P content (0.32 %) was 
observed in control plants. In the second year, the 
highest P content (0.45 %) was observed in DAP 
treatment. The effects of treatments on P contents 
of lemon balm varied in relatively narrow limits 
and the differences in the second year were even 
insignificant. In previous studies, Özcan [41] 
reported P content of lemon balm as 0.14 %, Kara 
[42] as 0.22 %, Khalid and Chai [40] as between 
0.17-0.64 % in the first harvest and as between 
0.15-0.58 % in the second harvest. P contents of the 
present study were higher in the first year than the 
second year. As it was in nitrogen case, nutrients 
were more dilute because of increased plant 
development in the second year. 

 
Potassium (K). The highest K content (2.23 

%) of the first year was observed in MKP treatment 

and the lowest value was seen in control treatment. 
In the second year, the highest K content (2.48 %) 
was observed in MAP treatment and the lowest 
value (1.78 %) was seen again in control treatment. 
Considering the results of two years together, MKP 
and MAP treatments were dominant with regard to 
K contents. High solubility of MKP and MAP 
fertilizers might have increased the potassium 
contents of plants. Özcan [41] reported K content as 
0.66%; Khalid and Chai [40] as between 1.2-1.8 % 
in the first harvest and as between 1.1-1.8 % in the 
second harvest; Kara [42] as 1.87 %; Özcan and 
Akbulut [43] as between 1.36-1.80 %. 

 
Calcium (Ca). The highest Ca content of the 

first year was observed in MAP treatment (2.03 %) 
and it was followed by 15:15:15 fertilizer treatment 
with 1.76 %. In the second year, although the 
effects of fertilizers were not remarkable, the 
highest value (1.25 %) was seen in MKP treatment. 
P source of DAP/MAP fertilizers may result in 
higher or lower Ca transports; MKP may have 
antagonistic effects on Ca. Thus, different Ca 
contents were observed in different treatments. 
Also, high Ca and CaCO3 contents of experimental 
soils may also effect the interactions between the 
fertilizers and Ca content of lemon balm. Özcan 
[41] reported Ca content of lemon balm as 1.17 %; 
Özcan and Akbulut [43] as between 0.92-1.37 %; 
Kara [42] as 1.29 % and current findings either 
comply with or slightly higher than these earlier 
findings. 

 
Magnesium (Mg). Mg contents of the first 

year varied in a narrow range with the highest value 
(0.98 %) in DAP treatment and the lowest value 
(0.83 %) in control treatment. Mg contents of the 
second year were also similar. Khalid and Chai [40] 
reported Mg contents as between 0.10-0.70 % in the 
first harvest and as between 0.10-0.60 % in the 
second harvest; Özcan and Akbulut [43] as between 
0.24-0.29 % and Kara [42] as 0.56 %. 

TABLE 5 
Macro nutrient contents of conventional lemon balm. 

 

ns; non-significant. 

2011 (First year)                                   (dry weight %) 2012 (Second year)           (dry weight %) 
Treatments N P K Ca Mg N P K Ca Mg 

15:15:15 1.42b 0.53b 2.13a 1.76b 0.93b 1.92a 0.44 2.43a 1.18b 0.24 

MAP 1.35c 0.48b 1.68b 2.03a 0.93b 1.91a 0.43 2.48a 1.08c 0.24 

DAP 1.37c 0.58a 2.13a 1.17d 0.98a 1.88a 0.45 2.26ab 1.23a 0.24 

MKP 1.56a 0.59a 2.23a 1.17d 0.96a 1.85a 0.42 2.09b 1.25a 0.25 

Control 1.29d 0.32c 1.53b 1.56c 0.83c 1.40b 0.44 1.78c 1.24a 0.24 

LSD at 1% 0.034 0.05 0.16 0.12 0.02 0.14 ns 0.22 0.048 ns 
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Essential oil rate (%). As it was indicated 
also by Shoor et al. [44], essential oil rate (%) of 
conventional lemon balm were the highest in 
control treatment and it was followed by MKP 
treatments. In the second year, essential oil rate of 
MKP treated plants (0.35 %) was relatively higher 
than the other treatments. Essential oil rate of the 
first year were also slightly higher than the second 
year (Table 6). Such a case may be explained by 
higher rates of secondary metabolites under stress 
conditions [40, 45]. Considering essential oil 
contents (%) and dry herbage yields together, it was 
thought that the highest essential oil rate per unit 
area (kg da-1) may be achieved with MKP 
fertilization. Plant nutrients have also significant 
effects on oil yields and compositions of medicinal 
plants. Variation in essential oil contents of lemon 
balm plants may be resulted from nitrogen, 
phosphorus and potassium contents of fertilizers 
[14]. El-Gergaidi et al. [46]  [33] and 

[47] also indicated that essential oil 
contents may vary with months, pre and post-
flowering periods, harvest time, drying conditions 
and growing systems [39]. 

[48] indicated insignificant effects of 
nitrogen doses, but significant effects of harvest 
periods on essential oil contents. The present 
findings on essential oil contents comply with the 
results reported by [17, 49, 50, 51]. 

 
TABLE 6 

Effect of conventional fertilizers on essential oil. 
 

Treatments 2011 2012 

15:15:15 0.30b 0.25ab 
MAP 0.31b 0.20b 
DAP 0.35ab 0.20b 
MKP 0.42a 0.35a 

Control 0.43a 0.30ab 
LSD (% 1) 0.09 (% 5) 0.11 

0,0

0,1

0,2

0,3

0,4

0,5

15:15:15 MAP DAP MKP Control
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FIGURE 1 

Essential oil conventional farming. 
 
 

Essential oil components. Among the 
essential oil components of conventional lemon 
balm, the highest gerenial content of the first year 
(36.50 %) and the second year (30.43 %) was 
observed in 15:15:15 fertilizer treatments. The 
highest neral contents were also observed in 
15:15:15 fertilizer treatment in both years 
(respectively with 28.15 % and 22.95 %. As it was 
stated earlier, lower gerenial contents of the second 
year were because of dilution effect in the second 
year. The highest citronellal content of the first year 
(25.82 %) was observed in MKP treatment and this 
treatment was significantly different from the other 
treatments. In the second year, citronellal content 
was relatively higher in control treatments and it 
was followed by MAP and MKP treatments. -
caryophyllene contents varied between 2.49-3.01 % 
in the first year and between 4.20-5.72 % in the 
second year. -caryophyllene content 
of the first year was observed in 15:15:15 fertilizer 
treatment (3.01 %). In the second year, MKP 
treatment (5.72 %) -
caryophyllene contents (Table 7). The major 
component, citral (geranial + neral) content varied 
between 53.75-64.65 % in the first year and 
between 45.30-53.38 % in the second year. Total 
citral contents of the samples were higher than 
limits specified by pharmacopeia (40-70 %). The 
second major component, citronellal contents were 
also higher than pharmacopeia limits (1-20 %) and 
varied between 1.16-11.82 %.  

Carnat et al. [52] also reported citral 
(neral+geranial) as the major essential component 
of lemon balm. Current findings revealed that 
15:15:15 fertilizer treatment was prominent with 
regard to two major essential oil components and 
MKP was prominent with regard to other essential 
oils. Sing et al. [53] reported the major essential 
components of lemon balm as citronellal (4.43%), 
neral (18.80 %) and gerenial (24.53 %); Cosge et al. 
[54] reported the major components as citronellal 
(36.62-43.72 %) and citral (10.10-17.43 %); 
Meftahizade et al. [55] reported the components as 
neral (43.8 -caryophyllene (13.5 %); 
Akgül [4] indicated the major components as 
geranial (15-47 %), neral (10-36 %), citronellal (1-
39 - caryophyllene (2-28 %). Aziz and Al-
Ashry [38] reported increasing citronellal (18.98-
34.21 %), neral (13.23-31.78 %) and gerenial 
(13.35-28.27 %) contents and slightly decreasing 
geranyl acetate, linalool, citronellal and gerenial 
contents with urea treatments. Said-Al Ahl et al. 
[45] reported the essential oil components as 
geranial and neral and indicated varying contents 
with potassium doses and harvest times. 
Sharafzadeh et al. [14] also indicated the major 
components as geranial and neral and reported high 
geranial (45.3 %) and neral (34.1 %) contents for 
NP and N treatments and pointed out significant  
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TABLE 7 
Essential oil components of conventional lemon balm. 

 

 
effects of plant nutrients on essential oil yields and 
compositions of medicinal plants.  

Compared to previous studies, the similarities 
and differences in essential oil contents and 
compositions of conventional lemon balm were 
mainly because of genotype, light intensity, plant 
nutrients, temperature, harvest time Moradkhani et 
al. [17] and also because of soil conditions, altitude, 
climate conditions, seasonal factors and 
environmental characteristics [56]. 

 
 

CONCLUSION 
 

Under conventional farming conditions, the 
highest green and drug herb yields were observed in 
DAP and 15:15:15 fertilizer treatments and the 
highest drug herb yields were observed in DAP and 
MKP treatments. Macro nutrient contents (N, P, K 
and Ca) were found to be higher in MKP treatments 
of both years than the other treatments. Citral 
(gerenial+neral) was the principle essential oil 
component in conventional growing system. 
Considering drug herb yields and essential oil 
contents together, it was concluded that MKP and 
15:15:15 fertilizers could be recommended in 
lemon balm culture. 
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ABSTRACT 

 
Characteristics sulfur adsorption onto swine 

manure biochar, light sierozem and light sierozem 
with biochar was investigated by batch adsorption 
experiments. The results indicate that the adsorption 
is increased with the increase of pyrolysis 
temperature and BSM700 is the best. The order of 
the adsorption capacity of three kinds of adsorbents 
for sulfur is LS > BSM700+LS > BSM700. The 
adsorption process of biochar, light sierozem and 
light sierozem with biochar could be well 
characterized with Pseudo-second kinetic model, 
whereas adsorption isotherm results elucidated that 
Langmuir-Freundlich model provided the best fit for 
equilibrium date; The Gibbs free energy obtained by 
thermodynamic calculation is negative, indicating 
that the adsorption of BSM700, light sierozem and 
light sierozem with BSM700 on sulfur is 
spontaneous. The adsorption capacity of the three 
adsorbents is decreased with the increase of the 
solution pH, while the coexisting anions have less 
effect on the adsorption of sulfur by the three. 
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INTRODUCTION 

 
Sulfur is an essential nutrient for the growth of 

crops and a necessary element in the center of the 
enzymatic reaction. It is also a component of protein 
and amino acid in the body. Sulfur plays an 
important role in the process of plant growth 
regulation, detoxification, defense and resistance, 
and it is also an important factor affecting the quality 
of plants [1] [2] [3]. Soil is the main carrier of sulfur 
supply and it is also the main source of sulfur in 

plants, so the content of sulfur in soil directly affects 
plant growth, development, and even existence. It 
can provide scientific basis for the regional 
application of biochar into soil, sulfur fertilizer 
application and protection of agricultural products 
yield and quality by studies on biochar and soil on 
the sulfur adsorption behavior. According to reports, 
the world currently has about more than 70 countries 
and regions lack of sulfur or potential lack of sulfur 
in soil, which resulting in huge losses to agricultural 
production and the potential threat of agricultural 
ecological environment. Therefore, more and more 
attention has been paid to the study of sulfur 
nutrition [4][5]. 

Biochar, generally refers to the biomass (such 
as straw, agricultural products processing residue, 
animal manure and other agricultural wastes), is not 
completely burned or in anoxic conditions produced 
by the pyrolysis of stable carbon rich products [6] [7] 
[8]. According to the differences in the preparation 
of raw materials, there are straw charcoal, charcoal, 
livestock and poultry manure and so on. Some of the 
basic understanding of biochar is consistent, while 
the sources of raw materials are different. It contains 
rich mineral elements that can promote the growth 
and development of plants. Some compounds will 
plant metabolism of nitrogen fixation, such as being 
sucked into the body [9] [10] [11]. It also has a very 
rich pore structure, surface radical, strong adsorption 
performance, large specific surface area, surface 
charge and so on. The input soil will affect the 
interface process and migration of soil nutrient 
elements [12] [13]. In the field of biological carbon 
can improve the water holding capacity of sandy soil, 
adjusting the pH value of the soil and increase its 
base saturation. This is mainly because the ash of 
biochar contains elements is soluble, the soil pH 
value will be increased and the aluminum saturation 
be decreased when the biochar application to the soil, 
so as to improve the soil base saturation [14] [15] [16] 
[17]. 
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Based on the above problems, this paper uses 
the swine manure as the biomass material to prepare 
the biochar at different temperatures, and the 
adsorption characteristics and influencing factors of 
sulfur in the biochar and soil are studied 
systematically. It will provide a reference value for 
the agricultural application of biochar. 
 
 
MATERIAL AND METHOD 

 
Soil and biochar. Swine manure collected 

from a pig farm in Lanzhou, Gansu, China. Dried 
swine manure and picked out the debris, then put the 
broken chunks into powder and place in muffle 
furnace pyrolysis 4 hours at the temperature of 
300 , 500  and 700 . With 1 mol·L-1 HCl pickle 
the prepared biochar 8 hours. Filtered the biochar 
after pickled and deionized to neutral with water, in 
the oven to 80 dried, installed in a brown bottle. 
The prepared biochar is labeled as BSM300, 
BSM500, BSM700. Table 1 shows the physico-
chemical characteristic of biochars. 

Soil collected from a village in Yuzhong, 
Gansu, China. Using sampler were randomly 
collected surface soil (0-20 cm) mixed, back to the 
laboratory after dried. Table 2 shows the basic 
parameters of light sierozem. 

 
Experiment design. Effect of time on 

adsorption of sulfur onto biochar, light sierozem and 

light sierozem with biochar (light sierozem with ten 
percent of biochar): weight of adsorbent 1 gm of 
biochar, light sierozem and light sierozem with 
biochar in conical flask with plug each one size 50 
ml contains 20 ml with sulfur concentration (50 mg/l) 
of sodium sulfate solution after shaking at 25  by 
using shaker type, at speed 150 rpm. The sample of 
each conical flask with plug was filtrated by 0.45 μm 
paper filter and analysis for sulfur concentration. 

Isothermal adsorption of sulfur onto biochar, 
light sierozem and light sierozem with biochar: 
weight of adsorbent 1 g of biochar, light sierozem 
and light sierozem with biochar in conical flask with 
plug each one size 50 ml contains 20 ml with 
different sulfur concentration (50, 100, 150, 200, 250, 
300, 400, 500 mg/l) of Sodium sulfate solution after 
shaking at 25  by using shaker type, at speed 150 
rpm. The sample of each conical flask with plug was 
filtrated by 0.45 μm paper filter and analysis for 
sulfur concentration. 

Influence of different factors on experiment: 
 The adding amount of swine manure biochar was 

0.1-0.8 g;  The pH value of solution was 2-12;  
Adsorption temperature was 25 , 35 , 45 ;  
Coexisting anion is NO3

- (concentrations were 0, 50, 
100, 200, 300, 400, 500 mg/l). The rest of the 
experimental procedure is the same as above. 

 
Analysis and calculation. The determination 

of sulfur employs indirect determination by flame 
atomic absorption spectrometry [18]. Using 
Oringe8.0 and Excell2010 software to draw and fit 

 

 
TABLE 1  

Physico-chemical characteristic of biochars 
 

Biochar 

Ash 

content 

(%) 

Yields 

(%) 
Element content (%)  Element ratio 

   C H O N S  O/C H/C (O+N)/C 

BSM300 41.9 68.1 21.1 1.72 32.6 2.27 0.36  1.54 0.08 1.65 

BSM500 47.5 65.8 25.7 0.62 24.27 1.54 0.37  0.94 0.02 1.01 

BSM700 52.9 53.6 29.3 0.47 15.66 1.28 0.39  0.53 0.02 0.57 

 
TABLE 2  

Basic parameters of light sierozem 
 
Available 

phosphorus 

(mg/kg) 

Available 

potassium 

(mg/kg) 

pH SOM (%) 
NH4+-N 

(mg/kg) 

Available 

sulfur 

(mg/kg) 

CEC 

(cmol/kg) 
pHzpc 

68.94 114.4 7.97 14.12 11.60 36.7 5.65 7.62 
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experimental data.  
The adsorption capacity of sulfur onto biochar, 

light sierozem and light sierozem with biochar as 
shown is equation (1). 

 
Where qe is adsorption capacity (mg/g), C0 is 

the concentration of sulfur at initialization (mg/l), Ce 
is the concentration of sulfur at equilibrium (mg/l), 
V is the volume of sample (ml), m is the mass of 
adsorbent (g). 
 

q e(m
g/

g)

m (g)

 BSM300
 BSM500
 BSM700

 

FIGURE 1 
Effect of pyrolytic temperature on sulfur 

adsorption capacity 
 

 
RESULT AND DISCUSSION 

 
Effect of pyrolytic temperature on sulfur 

adsorption capacity. Fig.1 shows the effect of 
pyrolytic temperature and adsorbent dosage on 
sulfur adsorption onto BSM300, BSM500 and 
BSM700.  

It can be seen that the sulfur adsorption 
capacity of the swine manure biochar of different 
pyrolysis temperature is decreased with the increase 
of dosage. The adsorption capacities of BSM300, 
BSM500 and BSM700 are 2.49, 2.71 and 2.86 mg/g 
respectively when the adsorbent mass is 0.1 g, which 
is decreased to 0.26, 0.28 and 0.29 mg/g respectively 
when the adsorbent mass is increased to 0.8 g. This 

is mainly because the total amount of sulfur in 
solution is a certain, the solution can be adsorbed 
sulfur active sites increased with the increase of the 
adsorbent dosage, so that the adsorption capacity of 
swine manure biochar of per unit mass is decreased. 
With the increase of pyrolysis temperature, the order 
of the adsorption capacity of three kinds of biochar 
for sulfur is BSM700 > BSM500 > BSM300. This is 
mainly because of the change of the spatial structure 
of the biochar that increase of the carbonization 
temperature, which made the adsorption sites on the 
surface and the adsorption capacity is increased. 
Therefore, the follow-up experiments select the 
swine manure biochar which pyrolysis temperature 
is 700 . 

 
Adsorption kinetics. The experimental data 

are fitted with four kinds of dynamic equations (2-5) 
[19] [20] that in order to explore the sulfur on the 

light sierozem light 
sierozem  
parameters are shown in Table 3 and Table 4, the 
adsorption of three substances for sulfur with time 
changing are shown in Fig.2. 

 

q t(m
g/

g)

t (h)

 LS
 BSM700+LS
 BSM700

 

FIGURE 2 
Effect of time on adsorption of sulfur onto 
BSM700, light sierozem and light sierozem 

with BSM700 
 

TABLE 3 
Adsorption kinetic parameters for sulfur onto BSM700, light sierozem and light sierozem with BSM700 

 

Absorbent 
Pseudo-first-order kinetic 

 
Pseudo-second-order kinetic 

 
Elovich 

qe(mg/g) K1(h-1) R2 qe(mg/g) K2[g/(mg·h) ] R2 (1/b)ln(ab) 1/b R2 

BSM700 1.6059 0.5794 0.9052  2.8637 1.1990 0.9989  2.0121 0.3217 0.8893 

LS 1.9527 0.3823 0.7635  3.8745 0.8664 0.9953  2.8361 0.3982 0.9846 

BSM700+LS 1.6133 0.4383 0.7339  3.0950 0.8156 0.9987  2.2624 0.2849 0.9577 
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TABLE 4  
The intra-particle diffusion kinetic parameters for sulfur onto BSM700, light sierozem and light sierozem 

with BSM700 
 

Absorbent Kd1[g/(mg·h1/2)] C1(mg/g) R2 Kd2[g/(mg·h1/2)] C2(mg/g) R2 

BSM700 1.1734 0.8327 0.9600 0.3057 1.9923 0.7721 

LS 0.8321 1.9435 0.9913 0.3603 2.6143 0.9518 

BSM700+LS 0.8533 1.3989 0.9401 0.2133 2.2452 0.9811 

 

Pseudo-first-order kinetic equation: 

 

Pseudo-second-order kinetics equation: 

 

Particle diffusion equation: 

 

Elovich equation: 

 

Where qt is adsorption capacity of sulfur at t (h) 
(mg/g), where qe is adsorption capacity of sulfur at 
equilibrium (mg/g), all the other parameters are the 
constants of the equation. 

The adsorption capacities of BSM700, light 
sierozem and BSM700 with light sierozem increase 
with the increase of time, and finally reached the 
adsorption equilibrium. The swine manure biochar is 
balanced after 8 h, and the soil is basically balanced 
after 12 h, and their adsorption capacity of sulfur is 
LS > BSM700+LS> BSM700. It can be seen from 
Table 3 that the effect of three kinds of kinetic 
equations of the fitting on three adsorbent basically 
is pseudo-second-order adsorption kinetic > elovich > 
pseudo-first-order adsorption kinetics. And the 
theoretical adsorption capacity is calculated by 
pseudo-second-order adsorption kinetic is very close 
to the measured value. So the pseudo-second-order 
kinetic describes the adsorption of sulfur on 
BSM700, light sierozem and BSM700 with light 
sierozem is better, namely chemical reaction is the 
rate control steps. 

The adsorption of sulfur on BSM700, light 
sierozem and BSM700 with light sierozem are fitted 
by the particle diffusion equation of the in two stages, 
and the parameters obtain are shown in Table 4. The 
first stage is the sulfur diffusion to the surface of 
biochar, light sierozem and light sierozem with 
biochar and it is about four hours, we can see from 
the table that the Kd1 of biochar, light sierozem and 
light sierozem with biochar are larger, which 

indicating that the sulfur spreads quickly on the 
boundary of three kinds of adsorbents. After four 
hours the second stage begins, the Kd2 of the three 
adsorbents is smaller, which shows that the 
adsorption of sulfur is controlled the step by the 
biochar, light sierozem and light sierozem with 
biochar. Intra particle diffusion model is generally 
believed that if the fitting equation passes through 
the origin, which the reaction is the rate controlling 
step is the intra particle diffusion; if equation does 
not pass through the origin that ex
chemical reaction and they form control steps 
together [21]. We can see from Table 4 that C1 and 
C2 are not 0 and the fitting equation does not pass 

ate of 
sulfur may be controlled by the diffusion and surface 
adsorption. 

 
Adsorption isothermal. Adsorption isotherms 

are used to express the relationship between the 
amount of adsorbed substance and the surface of the 
adsorbent. In this study, using the Langmuir, 
Freundlich, Temkin and Langmuir-Freundlich 
equations [type (6) to (9)] fits the experimental data. 
Three adsorbents fitting curves are shown in Fig. 3, 
Fig. 4, Fig. 5, and the isothermal adsorption 
parameters as shown in Table 5. 

Langmuir equation: 

 

Freundlich equation: 

 

Temkin equation: 

 

Langmuir-Freundlich equation: 

 

Where qe is adsorption capacity of sulfur at 
equilibrium (mg/g), qm is the maximum of 
theoretical adsorption capacity, Ce is the 
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concentration of sulfur at equilibrium (mg/l), all the 
other parameters are the constants of the equation. 

q e(m
g/

g)

C
e
(mg/L)

Measured value
Langmuir
Freundlich
Temkin
Langmuir-Freundlich

 

FIGURE 3  

Adsorption isotherms for sulfur onto BSM700 

Measured value
Langmuir
Freundlich
Temkin
Langmuir-Freundlich

q e(m
g/

g)

C
e
(mg/L)

 

FIGURE 4  

Adsorption isotherms for sulfur onto light 

sierozem 

 
It can be seen that the adsorption capacity of the 

three adsorbents increases with the increase of the 
initial concentration, and the adsorption equilibrium 
at about 250 mg/l. By the fitting of four kinds of 
equations can be seen that the Langmuir-Freundlich 

equation (R2 = 0.968, 0.979, 0.973) and Temkin 
equation (R2 = 0.906, 0.925, 0.941) fitting swine 
manure biochar, light sierozem and light sierozem 
with biochar on the sulfur adsorption isotherm is 
better than the Langmuir (R2 = 0.893, 0.904, 0.926) 
and the Freundlich (R2 = 0.806, 0.825, 0.849) 
equation. So the adsorption of BSM700, light 
sierozem and light sierozem with BSM700 on the 
sulfur is partial to the irregular adsorption on the 
surface. And the maximum of theoretical adsorption 
capacity (qm = 17.33, 22.39 and 20.41 mg/g) is fitted 
by Langmuir-Freundlich equation, which is very 
close to the measured value. The limited literature 
shows that activated carbon removal of sulfate from 
wastewater is physical adsorption on surface and ion 
exchange as the main mechanism. The activated 
carbon for sulfate solution adsorption capacity is up 
to 6 mg/g [22]. So the adsorption of BSM700, light 
sierozem and light sierozem with BSM700 for sulfur 
is better. 

 

Measured value
Langmuir
Freundlich
Temkin
Langmuir-Freundlich

q e(m
g/

g)

C
e
(mg/L)

 
FIGURE 5 

Adsorption isotherms for sulfur onto light 

sierozem with BSM700 

 
 
 
 

TABLE 5  
Isotherm constant for sulfur adsorption onto BSM700, light sierozem and light sierozem with BSM700 

 

Absorbent 
Langmuir  

 
Freundlich  

 
Temkin  Langmuir- Freundlich  

qm KL R2 KF n R2 A Kt R2  qm KL R2 

BSM700 25.88 0.005 0.893  0.777 1.901 0.806  6.320 0.041 0.906  17.33 1.753 0.968 

LS 34.58 0.005 0.904  0.886 1.812 0.825  8.361 0.041 0.925  22.39 1.953 0.979 

BSM700+LS 29.73 0.005 0.926  0.808 1.848 0.849  7.119 0.042 0.941  20.41 1.292 0.973 
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TABLE 6  
Thermodynamic parameters for sulfur adsorption onto BSM700, light sierozem and light sierozem with 

BSM700 
 

Absorbent KL(L/mol) G0(kJ/mol) H0(kJ/mol) S0([J/(mol·K)] ( ) 

 506.8 

579.8 

671.1 

-15.43 

-16.29 

-17.21 

 

11.10 

 

  

88.93  

 

25 

BSM700  35 

  45 

 

LS 

 

483.8 

562.6 

624.1 

-15.32 

-16.21 

-17.02 

 

10.11 

 

 

 

85.29 

 

25 

35 

45 

BSM700+LS 

486.7 

555.8 

625.9 

-15.33 

-16.18 

-17.02 

 

9.962 

 

 

 

84.82 

 

25 

35 

45 

 

 
Adsorption thermodynamic. The effect of 

temperature (25 , 35 , 45 ) on the BSM700, 
light sierozem and light sierozem with BSM700 of 
adsorption for sulfur is studied, and the results show 
that the adsorption capacity of the three adsorbents 
is increased with temperature. Using the formula 
(10)  (12) to calculation of Gibbs free energy, 
entropy change and enthalpy change.  

 

 

By equation (10) and equation (11): 

 

Where KL, R and T are constants, the equation 
of the lnK in the 1/T mapping, the thermodynamic 
parameters are shown in Table 6. 

From Table 6 shows, the G0 of sulfur on the 
BSM700, light sierozem and light sierozem with 
BSM700 are negative, indicating that three kinds of 
adsorbent on the sulfur adsorption reaction process 
are spontaneous. And the G0 of three kinds of 
adsorbents are between -20 to 0 kJ/mol, which so the 
adsorption of sulfur on the BSM700, light sierozem 
and light sierozem with BSM700 are mainly 
physical adsorption [23]. 

Three kinds of adsorbents H0 is positive 
which indicates that the sulfur adsorbed on the 
BSM700, light sierozem and light sierozem with 
BSM700 are the endothermic reaction, and it 
accelerate the adsorption process of sulfur along 
with the gradual rise in temperature. Three kinds of 
adsorbent S0 are also positive which indicates that 
the adsorption of sulfur is entropy increasing process. 

 
Effect of pH on sulfur adsorption capacity. 

Effect of pH on the adsorption of sulfur on the 
BSM700, light sierozem and light sierozem with 

BSM700 are shown in Fig. 6. It can be seen from the 
figure that the adsorption of sulfur on the three 
adsorbents is basically decreased with the increase of 
pH. The adsorption of sulfur on the BSM700, light 
sierozem and light sierozem with BSM700 is highest 
at the pH = 2, respectively is 1.8211, 3.4414 and 
2.9685 mg/g. The adsorption capacity of sulfur as a 
whole is also LS > BSM700+LS > BSM700 and 
increased with increasing pH.  

The isoelectric point of BSM700 is 5.85, 
namely according to the pH < 5.85, so the surface of 
BSM700 is positively charged when the pH of 
solution less than 5.85, and a large number of sulfur 
is adsorbed to the surface by electrostatic binding. 
The functional group hydroxyl and carboxyl of 
surface of biochar can get H+ and form of the 
protonated, which resulting in a positively charged 
functional groups -OH2

+, -COOH2
+, they can also 

combine the sulfur by electrostatic interaction and 
increase the adsorbed capacity of sulfur [24]. The 
surface of BSM700 is negatively charged when the 
pH of solution more than 5.92, the OH- of solution is 
increased with the increase of pH, and the adsorption 
capacity of sulfur is decreased because of 
electrostatic repulsion of sulfur and result in the 
competition for adsorption sites [25]. The isoelectric 
point of the light sierozem is 7.61, so the adsorption 
of Light sierozem and light sierozem with BSM700 
can be explained by the same point as above. When 
the pH increases, the clay minerals on the light 
sierozem and the charge of the organic matter on the 
surface can also enhance the electrostatic effect. 
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q t(m
g/

g)

pH

 LS
 BSM700+LS
 BSM700

 
FIGURE 6 

Effect of initial pH on adsorption of sulfur 
onto BSM700, light sierozem and light 

sierozem with BSM700 
 
Effect of coexisting anions on sulfur 

adsorption capacity. It can be seen that when the 
concentration of NO3

- from 50 increase to 500 mg/L, 
the BSM700, light sierozem and light sierozem with 
BSM700 on the amount of adsorption of sulfur 
almost no influence, which indicates that coexisting 
anions NO3

- for sulfur do not form a clear 
competitive adsorption, which may be the main is 
sulfur and three kinds of adsorption agent in 
combination with the role of relatively strong, and 
nitrate no ion exchange reaction, further illustrate the 
effects of the BSM700, light sierozem and light 
sierozem with BSM700 on sulfur adsorption of NO3

- 
is limited. 

 

q e(m
g/

g)

C(mg/L)

 LS
 BSM700+LS
 BSM700

 

FIGURE 7 
Effect of coexisting anions on adsorption of 

sulfur onto BSM700, light sierozem and light 
sierozem with BSM700 

 

CONCLUSION 

 
 With the increase of pyrolysis temperature, the 

order of the adsorption capacity of three kinds 
of biochar for sulfur is BSM700 > BSM500 > 

BSM300, and three kinds of adsorbents 
adsorption capacity of sulfur is LS > 
BSM700+LS > BSM700. The pseudo-second-
order kinetic describes the adsorption of sulfur 
on BSM700, light sierozem and BSM700 with 
light sierozem is better, namely chemical 
reaction is the rate control steps. 

 The Langmuir-Freundlich equation fitting swine 
manure biochar, light sierozem and light 
sierozem with biochar on the sulfur adsorption 
isotherm is better at 25 . The Gibbs free energy 
obtained by thermodynamic calculation is 
negative, indicating that the adsorption of 
BSM700, light sierozem and light sierozem with 
BSM700 on sulfur is spontaneous. 

 The effect of pH on BSM700, light sierozem 
and light sierozem with BSM700 on sulfur 
adsorption is mainly related to the nature of their 
own. The effect of BSM700, light sierozem and 
light sierozem with BSM700 on the adsorption 
of sulfur by the coexisting anion NO3

- is limited. 
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ABSTRACT 
 

The distribution of natural 238U, 232Th and 40K 
radionuclides in soil samples of Pompeiopolis 

-Kastamonu, Turkey has 
been carried out using a NaI(Tl) gamma ray 
spectrometric technique. The mean concentrations 
of radionuclides 238U, 232Th, and 40K were 31.12, 
33.63, and 320.02Bq kg-1, respectively. The mean 
activity concentrations of measured radionuclides 

mean values. Using the activity concentrations of 
these radionuclides, radiological hazard parameters 
such as Radium equivalent activity (Raeq), External 
hazard index (Hex), Annual effective dose 
equivalent (AEDE), Absorbed dose rate (ADRA), 

Excess lifetime 
cancer risk (ELCR) were evaluated in order to 
determine the effects of the soils.  Correlations 
between 238U, 232Th and 40K radionuclides and the 
radiological hazard parameters obtained from 
radioactivity were carried out to know the existing 
relations. The radiological maps of the 
Pompeiopolis/Turkey were composed using the 
results obtained from the study. 
 
 
KEYWORDS:  
Soil radioactivity, Radiological Hazards, Statistical 
Analysis, Radiological Maps 
 
 
INTRODUCTION 
 

Natural background radiation that originates 
from terrestrial environment is the major source of 
human exposure to ionizing radiation. The primary 

that lead to human exposure are potassium, 
uranium, thorium and their decay products. These 
radionuclides have half-lives comparable with the 
age of the earth [1,2]. Gamma radiation emitted 
from naturally occurring these radioisotopes, called 
terrestrial radiation, pose external exposure risks of 
the human body [3]. Natural environmental 
radioactivity in soil depends on the geological and 
environmental factors, and the concentrations of 

natural radionuclides in soil vary from one place to 
another in the World [4,5]. 

Besides the natural radionuclides, artificial 
radionuclides can also be present like 137Cs in the 
environment, predominantly in the surface soil 
because 137Cs is strongly absorbed and retained by 
soil particles [6,7], resulting from fallout from 
atmospheric nuclear weapon testing and the 
Chernobyl nuclear power plant accident. 

The concentration distributions of these 
natural and artificial radionuclides are of interest 
since it provides useful information in the 
monitoring of environmental radioactivity. Despite 
extensive knowledge of radiation risks gained 
through epidemiologic investigations, the health 
effects of chronic low-level radiation exposure are 
still poorly understood [8]. Therefore, the 
radiometric surveys to determine the background 
radiation levels of radionuclides in soils are 
important to establish baseline data for future 
radioactivity measurements and radiation protection 
[9].  

On the other hand, data on natural 
radionuclides are still inadequate in Turkey. Due to 
the fact that such studies will enhance the baseline 
data to more accurately determine of the natural 
radiation risks which human exposed to. 

With this aim, the primary objective of the 
present study is to determine the concentrations of 
238U, 232Th, 40K, 137Cs and radiological hazards in 
surface soil samples collected from Pompeiopolis 

province/Turkey. 

MATERIALS AND METHODS 
 

Geographical and Historical Properties of 
Study Area.  is a county of Kastamonu 
Province in the Black Sea region of Turkey. 
According to the 2013 census, population of 
Kastamonu district is 368 093 of which 39400 live 

 The district covers an area 
of 1811 km2, t
county are 41°31  N and 34°13  E, the altitude is 
553 m above sea level.  
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FIGURE 1 

  
 

TABLE 1 
Distribution of the soil radioactivity concentrations (in units of Bq kg-1). 
 238U 232Th 40K 

Range 
10.65±1.06- 
83.95±7.83 

8.4±0.8- 
64.9±7.80 

173.3±37.5-548.6±46.7  

Mean (±SD) 31.12±1.29 33.63±1.69 320.02±5.49 

Median 28.9 34.6 311.3 

Standard Deviation 14.50 13.24 91.37 
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FIGURE 2 

The activity concentration distributions of 238U, 232Th and 40K in the soil samples. 
 
 

The county takes its name from the stone 
bridge constructed in the 13th century over the Gök 

history, the district has been one of the important 
settlements of several civilizations (Hittite, 
Phrygian, Lydian, Persian, Helen and Pontus State). 
In 64 BC it became part of the Roman Empire. 

part of the Kastamonu province of the Ottoman 
Empire [10]. 

Pompeiopolis was a Roman city in ancient 
nu 

Province of Turkey. The exact location is 45 km 
north of Kastamonu and a short distance from 

(Roman name Amnias, or Amneus). The borders of 
Pompeiopolis reach the Küre Mountains to the 
north, Ilgaz Mou
valley to the west. After his victory over 
Mithridates VI the Roman General Pompey 
founded in 65/64 BC a number of cities in order to 
shape the newly founded Roman province in the 
mainland of the conquered former Pontic kingdom, 
in the Black Sea region of northern Anatolia: these 
were Megalopolis, Zela, Diospolis, Nicopolis, 
Magnopolis, Neapolis, and finally Pompeiopolis in 

Paphlagonia. Written sources hardly mention 
Pompeiopolis. The only available information about 
the early history of the city comes from Strabo. He 
says that Pompeiopolis was founded by Pompey on 
the river Amnias that in its neighborhood has a 
mine of sandarac, i.e. realgar, which was worked by 
criminal slaves. This region was conquered by the 
Turks in the 11th century [11]. 

The city's remains today consist of an 
acropolis, some rock-cut tombs, tumuli, a bridge 
and remains of houses with mosaic tile floors. It is 
believed that many more artifacts and remains can 
be uncovered if further archaeological excavation 

city boundaries. This ancient city and its remains 
will be preserved and exhibited in a Museum of 

by the Turkish Ministry of Culture. The first 
exploratory diggings in the area were conducted in 
1910; they revealed some columns and mosaic tile 
panels. Many of the artifacts that were revealed in 
the course of those excavations are currently being 
exhibited in the Museum of Archaeology of 
Kastamonu. Since 2006 the university of Munich 
(Germany) and Kastamonu University (Turkey) are 
conducting excavations on the archaeological site 
[12]. 
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TABLE 2 
 The absorbed dose rates in air (ADRA), annual effective dose equivalent (AEDE) and 

excess lifetime cancer risk (ELCR) in Pompeiopolis. 
 
    Raeq 

(Bq kg-1)
  

   Hex 
-

1 

  ADRA 
(nGy h-1) 

AEDE 
-1) 

     
(Bq kg-

1) 

        ELCR (%) 
        ICRP 103;  
        BEIR VII 

Range 
40.82-
182.86 

0.11-0.49 19.99-
83.87 

24.51-
102.86 

0.31-
1.29 

 9.8x10-5- 41x10-

5; 
11x10-5 - 46x10-5 

Mean   103.86   0.28   49.38    60.56    0.76 24x10-5; 27x10-5 

Median   109.52   0.30   51.51    63.17    0.79 25x10-5; 28x10-5 

Standard deviation   31.00   0.08   14.06    17.24    0.22 69x10-6; 77x10-6 

 
Sample Collection. Fifty soil samples were 

collected from study area in the spring of 2014 as 
shown in Fig. 1. After clearing the ground surface 
of stones, pebbles, vegetation and roots, 1 kg of 
material from the first 15 cm of top soil samples 
reflecting the geological characteristics of the 
region were placed in labeled polythene bags and 
then transferred to Kastamonu University, 
Department of Physics, Nuclear Physics 
Laboratory. The samples were ground, 
homogenized and sieved to about 100 meshes by a 
crushing machine. The samples were dried and 
pulverized. All results here in are based on dry 
weight (DW) masses. About 160 g of each sample 
was packed in gas tight, radon impermeable, plastic 
cylindrical polyethylene containers. To reach 
secular equilibrium, each sample was sealed for at 
least 4 weeks before counting. Coordinates of 
sampling locations were determined using a GPS 
device. 

 
Radioactivity Determination. The natural 

radioactivity in soil of region has been measured by 
gamma ray spectrometry using ORTEC 905-4 
Series, 3-inch x 3-inch NaI(Tl) Scintillation 
detector. The best resolution achievable is typically 
8% for the 662 keV gamma rays from 137Cs. The 
detector was housed in a cylindrical lead shield of 
about 22 cm diameters, 56 cm in overall height and 
7 cm thickness.  The pulse processing and data 
analysis system matched to a computer and the 
spectral analysis was performed using ScintiVision 
computer software obtained from ORTEC. The 
efficiency and energy calibration of the 
spectrometer were carried out using The IAEA 
gamma-ray spectrometry reference materials RGU-
1, RGTh-1 and RGK-1. The quality assurance of 
measurements was carried out by periodical 
calibrations using calibration sources that contained 
133Ba, 109Cd, 57Co, 22Na, 137Cs, 54Mn and 60Co and 
generated photon emission peaks in the energy 
range between 80 and 1400 keV and repeating 
sample measurements. The samples were counted 
for 50000 s with background measurements made 
under the same conditions [13]. 

In this study, the 1.76MeV and 1.12 MeV 
peaks of 214Bi, the 2.62MeV peak of 208Tl, the 
1.46MeV peak of 40K and 0.66 MeV peak of 137Cs 
were used for quantitative determination of 
uranium, thorium, potassium and cesium, 
respectively.  

 
 

RESULTS AND DISCUSSION  
 
The activity concentration results of the 

natural radionuclides 238U, 232Th and 40K  for 50 soil 
samples collected from the study area were 
ascertained (Table 1) and plotted (Fig. 2). The 
activity concentrations of 238U, 232Th and 40K were 
determined in the ranges 10.65±1.06 83.95±7.83, 
8.4±0.8 64.9±7.80 and 173.3±37.5 548.6±46.7 Bq 
kg-1 for all of the soil samples with corresponding 
mean values of 31.12±1.29, 33.63±1.69 and 
320.02±5.49 Bq kg-1, respectively. The 
corresponding median values were 28.9, 34.6 and 
311.3 Bq kg-1, respectively. 

concentrations of these nuclides are 35, 30 and 400 
Bq kg-1, respectively [14]. As can be seen from the 
results, the mean activity concentration values of 
238U, 232Th and 40K for soil samples are comparable 
to the world wide mean values of these 
radionuclides in soils reported by UNSCEAR [14]. 
The artificial radionuclide 137Cs was not seen in soil 
samples. 

The main objective of natural radioactivity 
research is to make an estimate of radiation dose 
likely to be externally delivered to the human. 
Radiation exposure can be defined in terms of many 
parameters. For example, Radium equivalent 
activity (Raeq), is a widely used hazard index and it 
is calculated through the relation given by Beretka 
and Mathew [15].  
 
Raeq(Bq kg-1) =ARa + 1.43ATh + 0.077AK                       (1) 
 

where ARa, ATh and AK are the activity 
concentration of 226Ra, 232Th and 40K in Bq kg-1, 
respectively. Raeq is estimated for the collected 
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samples and are given in Table 2. The values of 
Raeq varied from 40.82 to 182.86 Bq kg-1 and the 
mean value was found to be 103.86 Bq kg-1. The 
estimated average values of Raeq in the present 
work are lower than the recommended maximum 
value of 370 Bq/kg [15]. 

The external hazard index Hex was calculated 
for all samples using the model proposed by 
Krieger [16] assuming thick walls without windows 
and doors, where the external hazard index is given 
by, 
 
Hex =ARa/370 +ATh/259 +AK                      (2) 
 

where ARa, ATh and AK are the activity 
concentration of 226Ra, 232Th and 40K in Bq kg-1, 
respectively. The main objective of calculating of 
this parameter is to limit the radiation dose to 
permissible limit of 1 mSv y-1 [17]. The results 
range from 0.11 to 0.49 and mean value was found 
to be 0.28 (Table 2). The values estimated of Hex in 
the present work are not higher than 1. 

The annual effective dose equivalent was 
calculated from following equation: 
 

-1)= ADRA(nGy h-1) x 8760 (h y-1) x 0.2 x 
0.7 (Sv Gy-1) x 10-3                                                         (3) 
 

where 0.2 is the outdoor occupancy factor, 0.7 
Sv Gy-1 is the conversion coefficient from absorbed 
dose in air to effective dose received by adults [14]. 
The results of the calculation were given in Tables 
2. The annual effective dose rate values varied from 

-1 and the mean value was 

foun -1. The world average 
annual effective dose equivalent (AEDE) from 
outdoor terrestrial gamma radiation is 70 mSv y-1 

[3]. So, the obtained mean value is lower than the 
world mean value.  

The contribution of natural radionuclides to 
the absorbed dose rate in air (ADRA) depends on 
the natural activity concentration of 238U, 232Th and 
40K. If a radionuclide activity is known then its 
exposure dose rate in air at 1m above the ground 
can be calculated using the formula proposed by 
Beck [18] and UNSCEAR [3]; 
 
ADRA (nGy h-1) = 0.427 AU + 0.662 ATh + 0.0432 AK (4) 
 

where ADRA is the dose rate at 1m above the 
ground, AU, ATh and AK are the activity 
concentrations of 238U, 232Th and 40K, respectively, 
in the samples. The conversion factors of 238U, 
232Th and 40K are 0.427, 0.662 and 0.0432 nGy/h 
per Bq/kg, respectively [18].  

The absorbed dose rates in air at study area for 
soil samples varied from 19.99 to 83.87 nGy h-1 and 
the mean dose rate was calculated to be 49.38 
nGy/h. According to UNSCEAR report [14], the 
dose rate in air outdoors from terrestrial gamma-
rays in normal circumstances is about 57 nGy h-1, 
while the worldwide average annual effective dose 

our results are in good agreement with the average 
worldwide limits. There are only a few points 
where the absorbed dose and the annual effective 
dose do exceed the normal levels. 

TABLE 3
 Radioactivity concentrations in soil from different parts of Turkey. 

 

Province
238U 

(Bq kg-1)

232Th
(Bq kg-1)

     40K
(Bq kg-1)

Trabzon [13] 41 38 443
Batman [24] 35 25 274 

 21 37 342 
 21 25 299 

Çanakkale [27] 115 192 1207 
Gaziantep [28] 25 24 289 
Adana [29] 18 21 298 

 29 39 579 
Manisa [31] 29 27 340 
Kastamonu [32] 33 27 431 
Kayseri [33] 36 37 430

 23 29 281
Ardahan [35] 36 21 341
Bayburt [36] 41 37 615

 18 22 357
 28 40 667

Kütahya [39] 33 32 225
 38 55 675

a 31 34 320
apresent study 
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TABLE 4 
Pearson correlation coefficients among the radionuclide levels and radiation hazard 

Indexes. 
 

Variables 238U 232Th 40K Raeq Hex ADRA AEDE  ELCR 
(ICRP103) 

ELCR 
(BEIRVII) 

238U 1          
232Th 0.653 1         
40K 0.004 -0.061 1        
Raeq 0.868 0.902 0.191 1       
Hex 0.868 0.902 0.191 1 1      
ADRA 0.849 0.894 0.244 0.998 0.998 1     
AEDE 0.849 0.894 0.244 0.998 0.998 1 1    

 0.852 0.891 0.247 0.998 0.998 1 1 1   
ELCR 
(ICRP103) 

0.849 0.894 0.244 0.998 0.998 1 1 1 1  

ELCR 
(BEIRVII) 

0.849 0.894 0.244 0.998 0.998 1 1 1 1 1 

 
Another external radiation hazard index called 

estimate the level of gamma radiation hazard 
associated with the natural radionuclides  [5,20,21], 
is given as, 
 

-1)= ARa/150 + ATh/100 + AK/1500                (5) 
 

where ARa ATh, and AK are the mean activity 
concentrations of 226Ra 232Th, and 40K in Bq kg 1, 
respectively. The representative level index has 
values ranging from 0.31 to 1.29 Bq kg 1 with a 
mean of 0.76 Bq kg 1 
of soil samples are below the internationally 
accepted values 1 Bq kg-1 [21].  

Finally, excess lifetime cancer risk (ELCR) 
was calculated by using the equation, 

 
ELCR = AEDE x DL x RF                                            (6) 
 

where DL is the duration of life (70 y) and RF 
is the risk factor (Sv-1), fatal cancer risk per Sievert. 
For stochastic effects, ICRP and BEIR uses values 
of 0.057 [22] and 0.064 [23] for the public, 
respectively. The excess lifetime cancer risk 
(ELCR) was calculated using the annual effective 
dose for soil and rock samples. The mean ELCR 
was found as 0.00024% according to ICRP [22] and 
also, this value was found to be 0.00027% 
according to BEIR [23], for soil samples (Table 2). 

The comparison of the 238U, 232Th and 40K 
activity concentrations (Table 3) in soil samples of 
studying area with those reported from other parts 
of Turkey is given. As can be seen from the Table, 
the mean 238U, 232Th and 40K activity concentrations 
are nearly similar with the others except Çanakkale 
(granite area) [27].  

By using gamma-spectroscopy technique, 
activity concentration of naturally occurring 
radionuclides was determined in soils. The basic 

statistics were used to describe the statistical 
characteristics of radionuclides. Pearson correlation 
analysis were carried out using the commercial 
statistics software package SPSS in order to clarify 
the relationship among the variables, especially the 
influence of soil parameters on the distribution of 
natural radionuclides. Results for Pearson 
correlation coefficients between all the studied 
radioactive variables for soil samples are shown in 
Table 4. 

The positive correlation coefficient was 
absorbed between 238U and 232Th because uranium 
and thorium decay series occurs together in nature 
[41]. But very weak and negative correlation 
coefficient was observed between 40K and 238U-
232Th since 40K origins are in different decay series. 
Also, Radium equivalent activity (Raeq), External 
hazard index (Hex), Absorbed dose rate in air 
(ADRA), Annual effective dose equivalent 
(AEDE), 
Excess lifetime cancer (ELCR) have high good 
positive correlation coefficients with 238U, 232Th 
and 40K. This results show that very strong 
relationship between the radionuclides in soil 
samples and radiological parameters. This strong 
relationship implies that the all three radionuclides 
contribute to the emission of gamma radiation in 
study area. 

The univariate statistical analysis has been 
generally used to operate radioactive elements data 
in environmental samples. The frequency 
distributions of all radionuclides were analyzed, 
and the histograms are given in Fig. 3. The 
frequency distribution graphs of 238U, 232Th and 40K 
show that these radionuclides have a normal (bell-
shape) distribution.  
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FIGURE 3 
The frequency distributions of 238U, 232Th and 40K. 
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FIGURE 4 
 Interpolated radiological maps of 238U. 

FIGURE 5 
Interpolated radiological maps of 232Th. 
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 FIGURE 6 

Interpolated radiological maps of 40K. 
 
 

A radiological map of gamma radiation 
provides basic information for assessment of the 
potential effects of the radiation dose and can be 
used as a baseline for future investigations. 
Radiological maps were made graphically using the 
ArcGIS application 
software systems. The coordinates were read from a 

Global Positioning System (GPS). All data in the 
GIS (Geographic Information System) were 
transformed into a Universal Transverse Mercator 
(UTM) coordinate system. Maps of 238U, 232Th, and 
40K activity concentrations (determined from the 50 
soil samples) are shown in Fig. 4-6.

 
 

CONCLUSION 
 
In this study, the activity concentrations of the 

natural in 50 soil samples collected across the 
Pompeiopolis ancient city were determined by the 
gamma ray spectroscopy. Using these results, the 
absorbed gamma dose and annual effective dose 
were calculated. According to these values 

obtained, the radiation hazard parameters were 
calculated. All radiation hazard parameters 
calculated are less than recommended values. So, 
these results imply that there is no high radiation 
exposure to the humans in the study area. 

The best part of this study; this is the first 
study of radioactivity concentrations in the study 
area. The results of the present study useful in 
assessment of the exposures of radiation doses and 
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will be valuable database for future estimations of 
the impact of radioactive pollution.  
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ABSTRACT 

 
In order to effectively control cyanobacteria 

blooms, this study proposed a novel flocculating 
agent. Inhibition and sinking rate of Microcystis 
aeruginosa, a representative cyanobacteria, was 
used to assess the performance of the flocculating 
agent. Aliquot of 1mL flocculating agent was added 
to 25 mL algae suspension in a 25 mL colorimetric 
tube. After quiet settlement for 24 h, the algal cells 
were completely killed, and the flocculating agent 
caused the cells of M. aeruginosa sink quickly. In 
addition, with the addition dosage of 
allelochemicals maintaining unchanged, addition 
dosage of chitosan, hydrochloric acid and 
autoclaved fly-ash brick powder could be reduced 
to 1/3 of former dosage while the removal 
efficiency of algae was still kept at 90.9% and 
87.5%, respectively. Overall, the results showed 
that the M. aeruginosa flocculating agent had the 
merits of low concentration, fast reaction time, and 
demonstrated a promising future for use in the 
control of algae. 

 
 

KEYWORDS:  
flocculating agent; powder of autoclaved fly-ash brick; 
chitosan; nonanoic acid; gallic acid 

 
 
INTRODUCTION 

 
Cyanobacteria blooms have received 

increasing attention due to the serious economic 
losses and the endangered human health probably 
leading to illnesses or even deaths. In addition, 
cyanobacteria are known to be responsible for the 
occurrence of the taste and odor compounds [1], 

which are troublesome in natural waters because 
they have a terrible malodor influence on the 
quality of drinking water and aquatic products, 
causing great economic losses [2]. Therefore, the 
removal and/or control of cyanobacterial blooms is 
an important step in the restoration and protection 
of lake ecosystems [3]. 

Search for an efficient measure to control 
harmful algal blooms has been frequently addressed 
in previous eutrophication-related studies [4]. Till 
now, various methods, combing physical, chemical 
or biological factors, have been developed and 
tested for their efficiency in the prevention of 
blooms. Chemical remediation is one of the most 
commonly used measures to reduce the 
proliferation of cyanobacteria, facilitated by the 
addition of metals (e.g. CuSO4), oxidants (e.g. 
H2O2), herbicides (e.g. diuron) and natural 
compound-derived chemicals (e.g. ethyl 
2-methylacetoacetate (EMA)), particularly in the 
hot summer [5]. However, the widespread 
application of chemical remediation are usually 
accompanied by serious adverse effects to 
ecological safety or incapability of efficient 
removal. For example, although copper (Cu2+) and 
herbicides are able to inhibit the entire 
phytoplankton community, the subsequent 
deterioration of water quality may stress or kill the 
aquatic animals because of the potential 
bioaccumulation of Cu2+ in the aquatic predators 
and the general high toxicity of herbicides to all the 
living organisms in the aquatic environment [6]. 
H2O2, a non-polluting and strong oxidant, is once 
proposed as a potent algaecide in previous research, 
but it can not effectively remove floating algae by 
depositing them to the lake bottom [7]. The 
disadvantages of chemical measures significantly 
inhibit their applicability and underlie the necessity 
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to develop a new generation of algaecide that not 
only specifically targets the algae communities but 
also act in an economically- and 
environmentally-friendly manner. 

Modified clay and polyaluminium chloride 
(PAC) are considered as one promising substitutes, 
acting as an effective flocculant for removing 
cyanobacterial blooms without harming the 
ecological system [8-9]. However, during the 
flocculating process, algal cells are usually not 
inactivated, and they are still likely to re-suspend 
and continue to grow due to the photosynthesis 
release oxygen [10]. Therefore, this study examined 
whether the incorporation of a novel flocculating 
agent (i.e., nonanoic acid or gallic acid) into the 
powder, consisting of autoclaved fly-ash brick, 
chitosan and hydrochloric acid, could improve the 
performance on the treatment of algae. Inhibition 
and sedimentation of Microcystis aeruginosa cell, a 
representative HAB algae, was investigated and the 
appropriate doses of these substances were studied.  
 
 
MATERIALS AND METHODS 

 
Algae culture. Axenic Microcystis 

aeruginosa were obtained from the Culture 
Collection of Algae at the Institute of 
Hydrobiology, Chinese Academy of Sciences. The 
algae were cultured in sterilized BG11 medium (pH 
7.4) at 25 oC and light intensity of 2500 lux, 12:12 
h light : dark cycle. The algae were cultured for 4 
days to reach the exponential phase with the density 
of 106 cells/mL, which were used for the assay of 
growth inhibition. The growth medium of all 
cultures was BG11[11]. 

 
Reagents and algae coagulation. Nonanoic 

acid and gallic acid were purchased from Alfa 
Aesar and Acros, respectively. Chitosan were 
purchased from Sinopharm Chemical Reagent Co., 
Ltd. Autoclaved fly-ash brick was obtained from 
the construction site of Pingdingshan in Henan 
Province, China. It was smashed and sieved using 
from 40-mesh to 200-mesh screen. In order to 
remove the organic matters and impurities, the 
powder was pretreatmented with hydrogen peroxide 
in beaker using water-bath heating at 50 oC. The 
pretreatmented powder was washed by deionized 
water, and then dried with oven at 60 oC and kept in 
a dry place until use.  

The stock solutions of nonanoic acid and 
gallic acid were prepared with dimethyl sulfoxide 

(DMSO, AR) which in test solution was lower than 
0.2% (v/v). The test results indicated that the 
concentrations of DMSO added had no effect on the 
growth of the tested organisms. The flocculating 
agent was prepared just before experiments. 
Specific preparation process is as follows. First, the 
moderate chitosan were dissolved in 5 mL 1-3% 
hydrochloric acid, then added the stock solutions of 
nonanoic acid or gallic acid and the pretreatmented 
powder, and finally mixed in a supersonic cleaner. 

The coagulation experiments were performed 
on algae suspension at room temperature (about 
25 °C). Flocculating agent was added to a 25 mL 
algae suspension in a 25 mL colorimetric tube, then 
quiet settling of 24 h. In control groups, the 
flocculating agent was replaced by the algal culture 
medium. At the end of the settling period, a sample 
was collected 2 cm below the surface for analysis.  

 
Analysis methods. A compound microscope 

(OLYMPUS BH-2) was used to count the number 
of M. aeruginosa cells per unit volume in a 
hemocytometer. Each sample was counted three 
times. Cell density was recorded in number of 
cells/mL. The clearance of algae (r, %) of every 
sample based on the cell density of after 
flocculation and control were determined after 
exposure for 24 h. The computational formula is as 
follows. 

2 1

2

0100 0
CD CD

r
CD

          (1) 

where, CD1 and CD2 were the cell density of 
after flocculation and control, respectively. 
 
 
RESULTS 

 
Effect of particle size of autoclaved fly-ash 

brick powder. 50 mg chitosan were dissolved in 5 
mL 1% hydrochloric acid, then added 2 mg/L of the 
stock solutions of nonanoic acid or gallic acid, 1.5 
mL or 3 mL, respectively, 1g the 40-200 mesh 
pretreatmented powder of autoclaved fly-ash brick, 
and mixed with a supersonic cleaner in the end. 1 
mL flocculating agent was added to a 25 mL algae 
suspension in a 25 mL colorimetric tube, then quiet 
settling of 24 h.  

Different particle sizes of autoclaved fly-ash 
brick powders showed different removal 
efficiencies of algae, with the removal percentages 
89.2%-100%. When the particle size was 120 mesh, 
the removal percentages of algae were 99.6% (Fig. 
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1 A), 100% (Fig. 1 B) with nonanoic acid and gallic 
acid, respectively. Hence, the optimum particle size 
of autoclaved fly-ash brick powders would be 120 
mesh. 

 
Effect of the addition dosage of autoclaved 

fly-ash brick powder. Except for pretreatmented 
autoclaved fly-ash brick powder only employ the 
120 mesh particle size, the preparation methods of 
flocculating agent and flocculating experiment 
process were the same to 3.1. 
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FIGURE 1 
Effect on algae removal by particle sizes of 

autoclaved fly-ash brick 
( A: nonanoic acid; B: gallic acid ) 

 

The addition of autoclaved fly-ash brick powder 
showed effect on the removal efficiency of algae. 
The removal percentages of algae increased 
obviously with the addition dosage of autoclaved 
fly-ash brick powder increased from 0.4 g to 1.0 g. 
More than 99.8% ( Fig. 2 A) and 99.5% ( Fig. 2 B) 
algae cells, were removed at a autoclaved fly-ash 
brick powder dose of 1.0g with nonanoic acid and 
gallic acid, respectively. Therefore, the optimum 
addition dosage of autoclaved fly-ash brick powder 
would be 1.0 g. 
 

 

Effect of concentration of hydrochloric acid. 
50 mg chitosan were dissolved with 5 mL different 
concentration hydrochloric acid (0%, 1%, 2% and 
3%), then added 2mg/L of the stock solutions of 
nonanoic acid or gallic acid, 1.5 mL or 3 mL, 
respectively, 1g 120 mesh pretreatmented powder 
of autoclaved fly-ash brick, and mixed with a  
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FIGURE 2  
Effect on algae removal by addition dosage of 

120-mesh powder of autoclaved fly-ash brick ( A: 
nonanoic acid; B: gallic acid ) 

 

supersonic cleaner in the end. The flocculating 
experiment process was the same to 3.1. From Fig. 
3, it can be seen that the removal efficiency of algae 
was decreased from 97.9% to 83.8%, from 88.6% 
to 85.8%, as hydrochloric acid concentration 
increased from 1% to 3%, with nonanoic acid or 
gallic acid, respectively.  

 
Effect of the addition dosage of chitosan. 

Different dosage chitosan (0, 3, 5, 7, 9, 11, 13, 15 
mg) were dissolved with 5 mL 1% hydrochloric 
acid, then added 2mg/L of the stock solutions of 
nonanoic acid or gallic acid, 1.5mL or 3 mL, 
respectively, 1g the 120 mesh pretreatmented 
powder of autoclaved fly-ash brick, and mixed with 
a supersonic cleaner in the end. The flocculating 
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experiment process was the same to 3.1.  
As seen in Fig. 4, the removal percentages of 

algae increased from 85.6% to 99.5% (Fig. 4 A) 
and from 69.6% to 99.8% (Fig. 4 B) in adding 
chitosan with nonanoic acid or gallic acid, 
respectively. However, the removal percentages of 
algae were only 75.9% and 38.5% , respectively, in 
the samples without adding chitosan. The results 
showed that chitosan could enhance the removal 
efficiency of algae. The optimum dosage of 
chitosan would be 11 mg. 
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FIGURE 3 
Effect on algae removal by concentration of 

hydrochloric acid 
( A: nonanoic acid; B: gallic acid ) 

 

Effect of the addition dosage of 
allelochemicals (nonanoic acid or gallic acid). 5.5 
mg chitosan were dissolved with 2.5 mL 1% 
hydrochloric acid and 2.5 mL ultrapure water, then 
added different volume stock solutions of nonanoic 
acid (0, 0.1, 0.25, 0.5, 0.75, 1.0 and 1.5 mL) or 
gallic acid (0, 0.25, 0.5, 1.0, 1.5, 2.0 and 2.5 mL), 
0.5g the 120 mesh pretreatmented powder of 
autoclaved fly-ash brick, and mixed with a 
supersonic cleaner in the end. The flocculating 
experiment process was the same to 3.1. 
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FIGURE 4 

Effect on algae removal by addition dosage of 
chitosan 

( A: nonanoic acid; B: gallic acid ) 
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FIGURE 5 
Effect on algae removal by addition dosage of 

nonanoic acid (A) and gallic acid (B) 
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FIGURE 6 
Effect on algae removal by addition dosage of 

nonanoic acid (A) and gallic acid (B) 
 
The influence of the two allelochemicals on 

removal efficiency of algae was shown in Fig. 5. 
There were optimum addition dosage of 
allelochemicals for the removal efficiency of algae. 
The removal efficiency of algae of the two 
allelochemicals declined at addition dosage lower 
or higher than the optimum addition dosage. It 
could be seen that the optimum addition dosages 
were 1.0 mL, 1.5 mL, respectively. 
Except for the addition dosage of allelochemicals 
(nonanoic acid and gallic acid) do not change, the 
addition dosage of chitosan, hydrochloric acid and 
autoclaved fly-ash brick powder will reduce to 40% 
of the optimum dosage. It could be seen from Fig. 6 
that allelochemicals had an evident effect on the 
removal efficiency of algae. The maximum removal 
efficiency of algae on nonanoic acid and gallic acid 
also emerged at 1.0mL and 1.5mL, respectively. 

The removal percentages of algae were 90.9%, 
87.5%, respectively, when the dosage of chitosan, 
hydrochloric acid and autoclaved fly-ash brick 
powder will reduce to 1/3 of the optimum dosage, 
the addition dosage of allelochemicals (nonanoic 
acid and gallic acid) was optimum dosage. Hence, 
not only could the presence of allelochemicals 
inactivate the algal cells, but also reduced the 

dosage of flocculating agent. 
 
 

DISCUSSION 

 
Cyanobacterial hepatotoxins have been 

responsible for the poisoning of animals and 
humans who ingest or come into contact with toxic 
blooms [12]. Consequently, there is an urgent need 
of seeking effective, economical and 
environmentally-friendly algicides. In the current 
work, the preparation process of flocculating agent 
is as follows, 11mg chitosan were dissolved in 5 
mL 1% hydrochloric acid, then added 2mg/L of the 
stock solutions of nonanoic acid or gallic acid, 
1.0mL or 1.5 mL, respectively, 1g the 120 mesh 
pretreatmented powder of autoclaved fly-ash brick, 
and mixed with a supersonic cleaner in the end. 
1mL flocculating agent was added to a 25 mL algae 
suspension in a 25 mL colorimetric tube, then quiet 
settling of 24 h. The algal cells were completely 
killed, and the flocculating agent could cause the 
cells of M. aeruginosa to sink quickly. In addition, 
except for the addition dosage of allelochemicals 
(nonanoic acid and gallic acid) did not change, the 
addition dosage of chitosan, hydrochloric acid and 
autoclaved fly-ash brick powder could reduce to 1/3 
of former dosage. The removal efficiency of algae 
could still reach 90.9%, 87.5%, respectively. All 
these results indicate that flocculating agent may be 
a better candidate for M. aeruginosa control, and 
maybe represent an easy, low-cost and relatively 
environmentally benign method for mitigating and 
controlling HABs. 

The inhibitory allelopathy of plants on 
harmful algae is low-cost and eco-safe, which has 
been aroused extensive concern recently. Much 
progress has been made in the extraction, separation, 
and identification of allelopathic substances from 
aquatic macrophytes or terraneous plants, and in 
research on the allelopathy mechanism [13-19]. 
Nonanoic acid and gallic acid significantly 
inhibited growth of M. aeruginosa [20-21], and 
reduced the dosage of flocculating agent, but had 
no effect on the sinking of algal cells.  

Chitosan haaaaas distinct advantages over 
commonly used flocculants for microalgae 
harvesting [22]. Chitosan has been recommended 
for use as a coagulant since it is non-toxic, 
non-corrosive and safe to handle [23]. It is 
biodegradable and biocompatible and has attractive 
adsorption properties, flocculating ability and 
polyelectrolicity [24]. The coagulation/flocculation 
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mechanism for chitosan is primarily based on two 
submechanisms called bridging or charge 
neutralization (electrostatic patch effects)[25-26]. 
Chitosan was a high molecular weight, long chain 
polymer with a large number of active cationic sites. 
The positively charged polymers bind partly or 
completely to microalgal cells. If the polymers bind 
partly, the unoccupied part of the polymers can 
bind to other microalgal cells, thereby bridging 
them and resulting in a network of polymers and 
microalgal cells. If the polymers bind the 
microalgal cells completely because they are too 
short to bind others as well, they adsorb (patch) to 
the surface and can create positive charges locally. 
These charges attract other microalgal cells and 
also result in flocculation of the cells [27]. As for 
the removal mechanism of algae of autoclaved 
fly-ash brick powder need further study. 

Further research is needed to elucidate the 
precise mechanism of the flocculating agent against 
harmful algae. Besides, the possible impacts of 
flocculating agent addition to the environment and 
ecosystem, especially to zooplankton and/or 
benthos should be considered. 
 
 
CONCLUSIONS 

 
During the flocculating process, algal cells are 

usually not inactivated, and they are still likely to 
re-suspend and continue to grow due to the 
photosynthesis release oxygen. In order to 
overcome the above problems, this study has 
demonstrated that a novel flocculating agent 
consisting of chitosan, hydrochloric acid, powder of 
autoclaved fly-ash brick and allelochemicals 
(nonanoic acid or gallic acid) mixed with a 
supersonic cleaner. Algae cells could be sunk by 
chitosan, hydrochloric acid and powder of 
autoclaved fly-ash brick. Allelochemicals 
(nonanoic acid or gallic acid) could inhibit and 
inactivate algal cells. Aliquot of 1mL flocculating 
agent was added to 25 mL algae suspension in a 25 
mL colorimetric tube. After quiet settlement for 24 
h, the algal cells were completely killed, and the 
flocculating agent caused the cells of M. aeruginosa 
sink quickly. 
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ABSTRACT 

 
Serious soil erosion in Chinese loess hilly and 

gully region is a concentrated reflection of various 
ecological problems, which poses a serious threat to 
grain yield and environmental security. In this study, 
a distributed dynamic soil erosion model 
considering the ephemeral gully erosion index was 
applied to simulate impacts of Grain for Green 
project on soil erosion levels from 1985 to 2010 in 
the Yanhe River watershed of Chinese loess hilly 
and gully region. Results demonstrate that: 1) 
Annual changes of soil erosion in the Yanhe River 
watershed are significant from 1985 to 2010 due to 
variations of rainfall erosivity; the southeast and 
central parts of the watershed have the highest soil 
erosion level, and the severe erosion mainly occurs 
in both sides of the main river banks. 2) Upstream 
of Yanhe River has undergone the most prominent 
soil erosion evolutions due to effects of returning 
farmland project, however, Xichuan River basin 
and downstream of Yanhe River have only slight 
changes, the erosion gradation from moderate to 
severe in Panlongchuan basin shows an increasing 
trend. 3) The gradation percentage of soil erosion 
from mild to very intensive in dry land gradually 
increases from 27.8% to 92.5%, dry land has been 
regarded as the uppermost critical source area of 
soil erosion in the Yanhe River watershed. Results 
may provide references for the prevention of soil 
erosion and the benefit appraisal of soil and water 
conservation in Chinese loess hilly and gully 
region. 

 
 
KEYWORDS:  
Soil erosion levels; Grain for Green project; Land use 
change; Distributed modeling; Chinese loess Plateau  

INTRODUCTION 

 
Soil erosion is one of the most disastrous 

environmental problems threatening the sustainable 
development of human beings [1]. The Loess 
Plateau is one of the most serious soil erosion 
regions in China or even in the world [2]. Severe 
soil erosion leads to land barren and fertility decline 
of the hilly and gully region, Chinese Loess Plateau 
[3, 4]. Reasons for soil erosion mainly include the 
concentrated precipitation, the loose soil, the 
fragmentized topography, the degraded vegetation 
ecosystem, unreasonable land use etc. [5-7], among 
these factors the irrational land use and low forest 
coverage are two fundamental reasons responsible 
for serious soil erosion and bad ecological 
environment [8, 9]. Yanhe River is a first grade 
tributary of the Yellow River, Yanhe River 
watershed is one of the most typical soil erosion 
regions in the hilly and gully region of the Loess 
Plateau [10]. The implementation of the Grain for 
Green project in the Loess Plateau in 1997 is an 
important measure to improve the regional 
ecological environment of northern Shaanxi 
Province [11, 12]. Therefore, the evaluation of soil 
erosion levels before and after returning farmland 
in the Yanhe River watershed of the Loess Plateau 
has great significance for preventing soil 
degradation, enhancing agricultural production and 
improving ecological environment.  

Quantitative modeling of soil erosion is the 
basis of tracking soil erosion levels [13]. Empirical 
models are widely used in soil erosion modeling of 
the world. In all empirical models of soil erosion, 
the Universal Soil Loss Equation (USLE) is one of 
the typical models in the quantitative studies of soil 
erosion [14]. Early modeling research of soil 
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erosion in China, especially in the Loess Plateau, 
was mainly to establish empirical statistical model 
based on relationships among runoff, flood peak 
flow, average slope of watershed, soil erodibility 
and other factors, this kind of model does not 
consider the specific process of soil erosion and has 
strong regional pertinence, its practical applicability 
is apparently lower than that of RUSLE [15, 16]. It 
is not only one of the most widely used empirical 
models to predict soil erosion at field scales 
resulting from sheet and rill erosion [17], but also 
frequently to estimate soil erosion at basin scales 
resulting from slope erosion [18, 19]. Because of its 
convenience in application and compatibility with 
geographical information system (GIS), the 
combined use of the USLE or its revised form 
(RUSLE) [20], remote sensing and GIS techniques 
has been dominantly validated in different scales in 
recent years [21-24], at the same time, the 
effectiveness of remote sensing image can realize 
the dynamic monitoring of soil erosion, the 
simulation and evolution of temporal and spatial 
changes of soil erosion [25].   

The USLE was introduced to China in 1980, 
the Chinese scholars studied soil erosion and its 
spatial distributions in runoff plots, different 
watersheds of the Loess Plateau, the southern 
China s red soil hilly region, the Three Gorges 
Reservoir area and other main water erosion area 
based on the empirical model [26, 27]. Many 
studies have shown that the application of 
USLE/RUSLE model needs proper corrections 
according to the watershed conditions and research 
purposes [28, 29]. For example, on the basis of the 
current situation of China s soil and water 
conservation, Liu et al. (2001) proposed the 
Chinese soil loss equation (CSLE), which has been 
applied and validated in the quantitative study of 
soil erosion in Shaanxi and Beijing small 
mountainous watersheds by Chinese scholars [30]. 
Jiang et al. (1996) established the steep sloping 
erosion forecast model considering effects of the 
ephemeral gully erosion, which may greatly 
improve the prediction accuracy of soil erosion 
amount in hilly and gully area of Loess Plateau 
[31-33].  

Although the USLE/RUSLE model has been 
widely used in the world, it is the average soil 
erosion amount over a long-time period, and does 
not reflect the dynamic changing process of soil 
erosion. This study aims to: 1) track dynamic 
changing levels of soil erosion using a distributed 
model considering temporal changes of rainfall and 
underlying surface; 2) evaluate impacts of Grain for 
Green project on spatiotemporal distributions of 
soil erosion levels in the Yanhe River watershed of 
the Chinese loess hilly and gully region. Results 
may provide scientific reference for quantitative 

studies of erosion and sediment yield at watershed 
scales.  

 

 

FIGURE 1 
The study area (a) the relative location between 

the study area and the Yellow River/Yellow 
River Basin in China; (b) longitude and latitude 

coordinates of the study area, and the 
triangulated irregular network (TIN) DEM data; 
(c) sub-basin divisions and river systems within 

the Yanhe River watershed 
 
 

MATERIAL AND METHODS 

 
Study area. The Yanhe River, which 

originates from the Baiyu Mountain of Jingbian 
County, is one of the main tributaries of the Yellow 
River (Fig.1a). It flows through five counties 
(districts) including Jingbian, Zhidan, Ansai, Baota, 
Yangchang from northwest to southeast in Shaanxi 
province ( ~ , ~ ), and 
finally it empties into the Yellow River in Nanhe 
ditch, Yanchang County (Fig. 1b).  The catchment 
area of Yanhe River is 7725 km2, it mainly includes 
tributaries of Xingzi River, Xichuan River, 
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Panlongchuan River, and Nanchuan River, the 
average annual precipitation is about 495.6 mm 
(Fig. 2) and almost 60% of the total annual rainfall 
occurs during the monsoon period 
(June-September). The most widely distributed soil 
in the watershed is alluvial soil.  

 
FIGURE 2 

Annual average rainfall distribution of the 
Yanhe River watershed 

 

FIGURE 3 
Land use types of the Yanhe River watershed in 

1995 and 2005 
 

Data source. The environmental database in 
the study mainly include digital elevation model 
(DEM, 90 m spatial resolution) data and soil 
properties (National Science & Technology 
Infrastructure of China, Data Sharing Infrastructure 
of Earth System Science: http://www.geodata.cn), 
land use (Fig. 3) (100 m spatial resolution, and Data 
Center for Cold and Arid Region Sciences: 
http://westdc.westgis.ac.cn/), daily precipitation 
(1985-2010, China Meteorological Data Sharing 
Service Network: http://www.cdc.sciencedata.cn). In 
this study, 8 meteorological stations were used and 
the Yanhe River watershed is divided into 7 sub 
basins as shown in Figure 1c. 

Legend Note of land use map: code12: dry 
land; 21: closed forest land; 22: shrub land; 23: 
sparse wood land; 24: other forest land; 31: high 
coverage grassland; 32: middle coverage grassland; 

33: low coverage grassland; 41: river and canals; 42: 
lake; 43: reservoir and pond; 46: bottomland; 51: 
urban; 52: rural residential area; 53: industrial and 
traffic construction land; 65: bare ground; 
Three-level classification of dry land (code 12): 121 
(mountainous dry land); 122 (hilly dry land); 123 
(plain dry land); 124 (>25 sloping dry land).  

 
Methodology. Generally, the topography and 

soil characteristics in a watershed are basically 
invariant during a relatively short period of time, but 
climate, underlying surface and their time-dependent 
transformation obviously affect surface runoff and 
soil erosion [34-36]; dynamic variations of soil 
erosion predominately result from rainfall conditions 
[37] and underlying management measures [38]. 
Therefore, factors of K, L, S, G and P in the revised 
RUSLE equation can be assumed to be constants 
because they mainly reflect watershed topography 
and soil characteristics, but R and C factors will 
change year after year with rainfall conditions and 
underlying management measures. Thus, the 
RUSLE equation can be changed into the dynamic 
soil erosion model, 

PCLSGKRE iii     (1)   

where E is the annual average soil erosion 
R is the rainfall 

ero K is the soil 
LS is 

the slope length and slope gradient factor; G is the 
shallow gully erosion factor; C is the vegetation 
cover and management factor; P is the soil and 
water conservation factor. LS, C and P are 
dimensionless factors, the subscript i represents the 
i-th year.  

The key step in the application of the modified 
RUSLE equation is to select the appropriate factor 
algorithms. In this study, a half-month simple 
algorithm of rainfall erosivity established by Zhang 
et al. (2002) was used to estimate the spatial rainfall 
erosivity (Fig. 4) [39, 40]; The values and the 
spatial distribution of soil erodibility factor 
estimated by the empirical formula [41] are shown 
in Table 1 and Figure 5. According to the shallow 
gully erosion factor is mainly affected by 
precipitation, the intensity of convergent flow and 
soil property, it is determined by Jiang et al. 
research results [42]. The slope length factor and 
the slope gradient factor (Fig. 6) were respectively 
calculated by the equations from the related 
literatures [13]; According to the relevant literatures 
[43], the value and the spatial distribution of the C 
factor in the Yanhe River watershed was determined 
and shown in Table 2 and Figure 7; According to 
existing studies [44], the spatial distribution of P 
factor was evaluated and shown in Figure 8.  
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FIGURE 4 

The rainfall erosivity factor of the  
Yanhe River watershed in 2005 

 

 
FIGURE 5 

The soil erodibility factor of the  
Yanhe River watershed 

 

 
FIGURE 6 

The slope length and slope gradient factor 
of the Yanhe River watershed 

 

 

 

FIGURE 7  
The vegetation cover and management factor of 

the Yanhe River watershed in 1995 and 2005 

 

FIGURE 8 
The soil and water conservation factor of the 

Yanhe River watershed 
 

TABLE 1  
K value of different soil types in the Yanhe River 

watershed [44] 

Soil 
types 

K 
value 

Percent
age of 
area/% 

Soil 
types 

K 
value 

Percent
age of 
area/% 

Loess
al soil 

0.017
65 

97.77 
Clay 
Heilu 
soil 

0.022
77 

0.09 

Alluv
ial 

soils 

0.032
05 

1.76 

Calcare
ous 

skeletal 
soil 

0.029
2 

0.02 

Red 
clay 
soil 

0.032
24 

0.29 
Skeletal 

soil 
0.029

2 
0.05 

 
TABLE 2  

C values of different land use types in the Yanhe 
River watershed [44] 

Land use types 
C 

value 
Land use types 

C 

value 

Farmland 0.45 
Moderate coverage 

grassland 
0.18 

Forest land 0.09 
Low coverage 

grassland 
0.32 

Sparse wood land 0.15 Traffic land 0.20 

Shrub land 0.22 Construction land 0.20 

High coverage 

grassland 
0.12 Water area 0.00 
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RESULTS AND DISCUSSION 

Spatiotemporal variations of soil erosion in 
the Yanhe River watershed. Figure 9 indicates that 
annual soil erosion modulus (t/hm2.a) in the Yanhe 
River watershed changes greatly from 1985 to 2010, 
the reason why changing significantly can be 
summed up annual variations of rainfall intensity 
and rainfall duration. The overall soil erosion level 
in Southeast and central part of the watershed is 
higher than that of Northwest, the severe erosion of 
the Yanhe River watershed mainly occurs in both 
sides of the main river banks, and the soil erosion 
gradation has large spatial variability; this is mainly 
because the south and central part of the watershed 
have stronger rainfall distribution and more sloping 
farmland distribution. In other words, the spatial 
variations of soil erosion in the whole watershed are 
largely related to the spatial distribution of land use 
layout. In addition, the spatial variability of 
topography and soil also affects the distribution of 
soil erosion. Evaluation results of soil erosion in the 
Yanhe River watershed may be helpful to grasp 
spatiotemporal characteristics of soil erosion and to 
provide evidence for decision making of soil and 
water conservation measures. 

According to Standards for classification and 
gradation of soil erosion (SL 190-2007) released by 
the Ministry of Water Resources of the People s 
Republic of China [24], the soil erosion gradations 
before and after the project of returning farmland in 
the watershed are both mainly with mild and 
moderate erosion, which accounts for more than 
60% of the watershed area (Table 3). After 
returning farmland in 1997, the intensive, very 
intensive and severe erosion all presents a 
decreasing trend, the proportion of micro erosion 
has a slight increasing tendency. The moderate 
erosion in 2000 decreased significantly, this is 
closely related to the implementation of soil and 
water conservation measures, but in recent years the 
moderate erosion in the watershed has been a rising 
trend due to industrialized agriculture and 
urbanization. The results are mainly in accordance 
with previous studies [45] on spatial distribution of 
soil erosion after returning farmland in typical 
watershed of northern Shaanxi Province.  

 
Contribution ratio of each sub basin for 

different erosion gradations. Table 4 and Table 5 
show contribution ratios of each sub basin for 
different gradations of soil erosion in the Yanhe 
River watershed. It can be seen that contribution 
ratios for different gradations of soil erosion in 
1995 and 2005 show a different changing trend. 
The highest proportion of micro erosion gradation 
occurred in Xichuan sub basin (28.26%) before 
returning farmland in 1995, but after returning 

farmland in 2005 the Yanhe River upstream basin 
appears the greatest percentage of 24.24%, it 
followed by Xingzi River sub basin (22.15%) and 
Xichuan sub basin (21.63%); The maximum 
percentage of the first mild erosion gradation (5~10 
t/hm2.a) also occurred in Xichuan sub basin 
(31.11%) before returning farmland in 1995, it 
followed by Panlongchuan sub basin (17.44%) and 
Yanhe River upstream basin (15.92%), but after 
returning farmland in 2005 the upstream of Yanhe 
River appears the highest proportion of 25%, it 
followed by Xingzi River basin (23.53%) and 
Xichuan sub basin (21.86%). From an overall 
perspective, Yanhe River upstream has undergone 
one of the most obvious evolutions after returning 
farmland, the intensive erosion ratio decreased from 
19.46% in 1995 to 9.09% in 2005, and the very 
intensive erosion ratio decreased from 22.13% in 
1995 to 6.61% in 2005, 

 

 

 
FIGURE 9 

Spatial distribution of soil erosion in the Yanhe 
River watershed from 1985 to 2010 (t/hm2.a)
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the severe erosion also decreased by 0.51%, so 
effects of returning farmland measures in Yanhe 
River upstream are remarkable. However, it is not 
unique that Xingzi River basin has the same 
obvious effects as the Yanhe River upstream, by 
contrast, Xichuan River basin and Yanhe River 

downstream have only slight changes, and the 
erosion from moderate to severe in Panlongchuan 
basin has an increasing trend. Therefore, 
Panlongchuan River basin, Xichuan River basin 
and Yanhe River downstream need to further 
strengthen soil and water conservation measures.  

 
TABLE 3 

Statistics for soil erosion classification and gradation of the Yanhe River watershed 

Year 
Erosion 
Grading 

<5       

Micro Mild Mild Moderate Intensive  
Very 
intensive 

Severe  

1985 

Percentage 
/% 

11.463  9.578  30.854  32.216  12.884  2.900  0.105  

1990 12.736  11.493  32.320  30.946  10.084  2.342  0.078  

1995 15.217  13.466  36.186  30.006  4.514  0.603  0.009  

2000 22.522  22.120  41.053  13.209  1.041  0.054  0.002  

2005 15.144  14.475  36.044  27.600  5.685  1.027  0.026  

2010 13.017  11.887  33.067  30.284  9.551  2.136  0.058  

Note: Standards for Classification and Gradation of Soil Erosion (SL 190-2007) released by the Ministry of 
Water Resources of the People s Republic of China was published by China Water Power Press in Beijing, 2007. 

 
TABLE 4 

Contribution ratio of different sub basins for different gradations of soil erosion in the  
Yanhe River watershed in 1995 

1995 

Yanhe 

River 

upstream 

Xingzi 

River 
Yanhewan-Yangjialing Xichuan Yangjialing-Yaodian Panlongchuan 

Yanhe 

River 

downstream 

Sum/% 

<5 16.89 16.56 2.74 28.26 8.88 16.44 10.24 100 

5~10 15.92 13.82 2.15 31.11 7.53 17.44 12.04 100 

10~25 21.57 19.76 2.72 25.83 6.61 12.86 10.66 100 

25~50 20.71 23.20 3.03 22.23 8.72 12.55 9.56 100 

50~80 19.46 20.48 3.25 27.17 7.20 12.09 10.34 100 

80~150 22.13 19.14 5.28 27.80 6.07 10.32 9.27 100 

150 1.54 0.00 9.23 66.15 0.00 15.38 7.69 100 

 

TABLE 5 
Contribution ratio of different sub basins for different gradations of soil erosion in the  

Yanhe River watershed in 2005 

2005 

Yanhe 

River 

upstream 

Xingzi 

River 

Yanhewan 

Yangjialing 
Xichuan Yangjialing-Yaodian Panlongchuan 

Yanhe  

River 

downstream 

Sum

/% 

<5 24.24 22.15 2.52 21.63 7.63 12.50 9.32 100 

5~10 25.00 23.53 1.91 21.86 6.22 11.31 10.18 100 

10~25 21.73 20.12 2.30 25.43 7.36 12.70 10.36 100 

25~50 14.64 17.74 3.67 27.29 9.62 15.97 11.08 100 

50~80 9.09 9.86 3.79 40.28 5.81 19.71 11.44 100 

80~150 6.61 6.20 5.86 45.05 3.88 22.76 9.63 100 

150 1.03 0.00 8.72 62.05 0.00 25.64 2.56 100 
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FIGURE 10 
Contribution ratio of different land use types for different gradations of soil erosion in the  

Yanhe River watershed in 1995 
 

Contribution ratio of each land use type for 
different erosion gradations. Land use is an 
important factor affecting vegetation type, coverage 
degree, micro topography, soil physical and 
chemical properties, erosion dynamics and anti 
erosion resistance [46]. The difference of soil 
erosion intensity in different land use types are 
remarkable [47]. Figs. 10 and 11 indicate 
contribution ratios of each land use type for 
different erosion gradations in the Yanhe River 

watershed. It can be seen that contribution ratios of 
each land use type for different gradations of soil 
erosion in 1995 and 2005 show a different changing 
trend. The highest proportion for micro gradation of 
soil erosion mainly occurred in middle and low 
coverage grassland (31.964% and 31.386%) before 
returning farmland in 1995, it is followed by dry 
land; also the highest ratio for micro gradation of 
soil erosion also mainly occurred in the middle and 
low coverage grassland(36.851% and 27.249%)  
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FIGURE 11 
Contribution ratio of different land use types for different gradations of soil erosion in the  

Yanhe River watershed in 2005 
 
after returning farmland in 2005, but the difference 
is that the middle coverage grassland increased to 
36.851% and the low coverage grassland decreased 
to 27.249% in 2005. The highest proportion for first 
mild gradation of soil erosion (5~10 t/hm2.a) also 
occurred in the middle coverage grassland 
(35.394%) before returning farmland in 1995, it 
followed by the low coverage grassland (28.388%) 
and dry land (13.226%); by comparison, after 
returning farmland in 2005 the percentage for the 

first mild gradation of soil erosion (5~10 t/hm2.a) in 
the middle coverage grassland increased to 
39.464%, it followed by the low coverage grassland 
(24.026%) and dry land (11.935%).  

From an overall perspective, Figure 10 and 
Figure 11 both indicate that the micro and first mild 
gradations of soil erosion in the watershed are 
mainly observed in the middle coverage grassland 
and the low coverage grassland, however, the 
percentage from second mild to very intensive 
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gradation of soil erosion in dry land gradually 
increases and occupies the leading position, 
Therefore, dry land is the uppermost critical source 
area of soil erosion in the Yanhe River watershed, 
this simulation results are consistent with the 
previous studies that dry and grass lands with low 
coverage may be serious soil erosion areas [48, 49], 
so the further implementation of soil and water 
conservation measures for dry land in the Yanhe 
River watershed is the a priority for soil erosion 
control and watershed management. 

 
 

CONCLUSIONS 

This study takes classification and gradation of 
soil erosion as starting point to evaluate soil erosion 
levels in the Yanhe River watershed of the Chinese 
loess hilly and gully region. The main results can be 
drawn:  

1) Annual soil erosion modulus in the Yanhe 
River watershed changes greatly from 1985 to 2010 
due to annual variations of rainfall erosivity. The 
overall soil erosion levels in southeast and central 
parts of the watershed are higher than that of 
northwest; the severe erosion of the Yanhe River 
watershed mainly occurs in both sides of the main 
river banks due to wide distribution of sloping 
farmland, and the soil erosion gradation has large 
spatial variability. In addition, the spatial variability 
of topography and soil also affects the distribution 
of soil erosion. 

2) The highest proportion of micro erosion 
gradation both occurred in Xichuan sub basin 
(28.26% and 24.24%) before and after returning 
farmland in 1995; The maximum percentage of the 
first mild erosion gradation (5~10 t/hm2.a) also 
occurred in Xichuan sub basin (31.11%) before 
returning farmland in 1995 but appears in the Yanhe 
River upstream (25%) after returning farmland in 
2005. From an overall perspective, Yanhe River 
upstream has undergone the most obvious 
evolutions after returning farmland, effects of 
returning farmland measures in Yanhe River 
upstream are remarkable. However, Xichuan River 
basin and Yanhe River downstream have only slight 
changes, and the erosion from moderate to severe in 
Panlongchuan basin has an increasing trend.  

3) The maximum ratio for micro gradation of 
soil erosion before and after returning farmland 
mainly occurred in middle and low coverage 
grassland. The highest proportion for first mild 
gradation of soil erosion (5~10 t/hm2.a) both 
occurred in the middle coverage grassland 
(35.394% and 39.464%) before and after returning 
farmland in 1995 and 2005. However, the 
percentage from second mild to very intensive 
gradation of soil erosion in dry land gradually 

increases (from 27.794% to 92.504%) and occupies 
the leading position, Therefore, dry land is the 
uppermost critical source area of soil erosion in the 
Yanhe River watershed, returning farmland to 
forestland/grassland is a good measure for 
controlling water and soil loss. 
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ABSTRACT 

The necessity of accidental pollution rapid 
treatment has become a priority because of 
pollutant impact upon the environment. The use of 
effective treatment plants represents a viable 
solution because it both shortens operation time 
significantly and reduces the pollutant impact on 
the environment.  The wastewater types that can be 
treated using mobile treatment plants are the 
following: domestic and industrial wastewater; oil 
production separator wastewater; aqueous liquid 
wastes. The mobile treatment plant that represents 

the following 
components: a Huwer-Aspanc pre-treatment 
station; a water softener station; additional filtration 
stations; a UV disinfection station; a treated 
wastewater degasification station; an instantaneous 
hot water heating station; a hydroblasting station; a 
video inspection station; a reverse osmosis station; 
an inlet-outlet automatic parameter measurement-
and-control station; flocculant gauging, coagulants 
and chemical substances. After factoring in the 
conducted analyses and studies, the present paper 
tries to highlight the advantages and effectiveness 
of this type of treatment plant which features 
treatment yields greater than 90% for the following 
indicators: pH, chemical oxygen demand, 
biochemical oxygen demand, dissolved oxygen, 
conductivity and total suspended solids. Firstly, the 
operational risks are the result of the ecosystem 
complexity and secondly, they result from the 
adaptability degree of the mobile station during the 
actual treatment plant. 

 
 

KEYWORDS: 
accidental pollution, mobile wastewater treatment plant, 
wastewater, risk 

 
 
INTRODUCTION  

 
s intense local 

pollution has led to the disturbance of the 
ecosystems. Romania is trying to prevent the 
pollution phenomenon by adopting a new stance, 
namely preventing pollution starting from the very 
design stage [1]. However, should pollution 
actually occur, a rapid and authorized intervention 
is required in order to minimize its impact on the 
environment [2]. Rapid demographic growth and 
the diversification of industries make accidental 
pollution a frequent reality [3].    

Surpassing the design values of water 
treatment plants and the need for rapid and efficient 
intervention in the case of accidental pollution are 
the two main problems when it comes to cleaning 
Romania  [4]. The pollution source 
treatment can be conducted by means of mobile 
plants. 

Mobile treatment plants are used in the water 
treatment process or in instances of accidental 
pollution when the wastewater load exceeds the 
values for which the treatment plant was designed 
[5].The integration of the treatment process in the 
context of sustainable development makes it so that 
accidental pollution because of uncontrolled 
wastewater discharges be reduced by the 
introduction of new treatment solutions[6,7].  

The use of mobile treatment plants is 
justifiable because of the benefits they provide: 
compact construction when compared to classical 
treatment plants, simple maintenance consisting 
solely in equipment testing, extended capabilities 
regarding sludge use and treatment [8], rapid 
intervention and pollution elimination, compliance 
with water quality protection norms as a result of 
high quality water treatment, treatment in high 
complexity cleaning plants, continuous treatment 
process adaptive possibilities according to influent 
characteristics, timely and accurate data and 
information leading to a better control of the 
process. 

The most commonly used mobile treatment 
plants are made up of multiple compartments 
(usually five) where the following processes occur: 
pre-sedimentation, anaerobic compartment, aerobic 
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compartment 1, aerobic compartment 2, post-
sedimentation.  

The present paper showcases wastewater 
treatment results using a complex mobile 
wastewater treatment plant outfitted with nine 
stations. The treated wastewaters were process 
waters, waters coming from industrial sewers as 
well as oil production wastewater treatment plants. 
The use of such a method of treating accidental 
pollution is a novelty for Prahova County.  

 
 

EXPERIMENTAL  

The mobile treatment plant consists of three 
compartment-tanks. The wastewater is absorbed 
and it is send either in the first tank or in the second 
one according to liquid suspended matter amount. 
The solid material is gathered, followed by the 
filtering of the liquid via a 60-micron self-cleaning 
filter. The treated water flow-rate is 10 l/min. The 
coarse wastewater fraction and the post-filtration 
slud s second tank. 

The mobile treatment station is outfitted with 
9 treatment stations and an on-line monitoring 
system 

 
There are no sources in the current 

document..  They are as follows:  
- a Huwer-Aspanc pre-treatment station;  
- a PUR 102 self-cleaning and hydraulic 

control filtering station (5 micron pore size) and 
two WF-BFE 1-02D10G5A/B bag and basket filter 
filtering batteries; 

- a softener installation;   
- additional filtering stations;  
- a T240 D UV ray disinfection station with 

240TFT automated command system;  
- a treated wastewater degasification station;  
- an instant hot water heating station;  
- a water and sand hydroblasting station 

paired with a pressurized cold water source having 
a workflow rate of at least 15 l/minute at a pressure 
of 150-220 bar;  

- a video inspection station;  
- a BCRO-480 reverse osmosis station;   
- an automatic inlet parameter measurement-

and-control system, flocculant, coagulant and 
chemical substances gauging, and effluent 
measuring of the following parameters: pH, 
salinity, dissolved oxygen, total suspended solids, 
chemical oxygen demand, biochemical oxygen 
demand, nitrites, nitrates, polycyclic aromatic 
hydrocarbons and total oil concentration in the 
water.   

The mobile treatment plant has two separate 
treatment lines: one for water and one for sludge.  

 
The water line of the mobile treatment 

plant. In the mobile wastewater plant, wastewater 

feeds directly the second tank, where the 
measuring of suspended matter occurs via a sensor. 
The course of the water throughout the nine stations 
is determined by taking these measurements into 
consideration.  

Should sludge pass through the sensor for 
more than 5 seconds, the sensor will emit acoustic 
and luminous signals, followed by the halting of 
wastewater absorption and by its directing into the 
sludge tank and vice versa. In order to determine 
subsequent wastewater treatment, its composition 
can be analysed via the plant s automatic 
measurement-and-control system and the result can 
be expressed by a report. Should the second tank 
get full  depending on the loading degree of the 
influent  the sludge that has settled in the proper 
tank during the wastewater absorption phase can 
also be absorbed. In order to get filtered, the 
wastewater from the second tank is pumped into a 
centrifugal Juggler filter after the accomplishing of 
the sludge separation operation, followed by 
softening, and, if necessary, by the conducting of 
the appropriate analyses. The Juggler filter has a 
sensitivity of 60 microns, and its cleaning must be 
carried out at regular intervals. The resulting sludge 
is automatically directed toward the sludge tank.  

As the results of the analysis have shown, the 
physical-chemical treatment is continued after the 
proper reagents have been chosen. The resulting 
sludge is automatically directed toward the sludge 
tank.  

The volume of treated water is recycled 
through the appropriate watercourse and, depending 
on the quality indicators present in the test report, it 
is: either discharged in the outlet, sewers or used 
for agricultural field irrigation, or further subjected 
to physical-chemical treatment until the satisfactory 
quality indicators, according to discharge location 
and use of the resulting effluent, are reached. 

 
The sludge line of the mobile treatment 

plant. After industrial wastewater treatment, 
despite the fact that the resulting tank filling sludge 
is already stabilized, an additional treatment with 
stabilizing reagents is carried out as an increased 
safety measure. Depending on its quality, sludge 
can be:  

 sprayed on the agricultural fields;  
 further subjected to physical-chemical 

treatment.  
The experimental program which has been the 

basis of the current study regarding the use of 
mobile plants for the treatment of accidental 
pollution had two stages: 

- the determination of input-output water 
quality indicators via an on-line monitoring system; 
the determination of pH, conductivity,  BOD 
(biochemical oxygen demand), COD (chemical 
oxygen demand), TSS (total suspended solids), 
dissolved oxygen,  removal effectiveness after the 
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treatment process; 
- the verification of the values obtained via 

the on-line monitoring system by input-output 
sampling and their subsequent laboratory analysis 
and the comparing of the laboratory analyzed data 
with the ones recorded by the mobile treatment 
plant;  

The laboratory determination of the standard 
compliant physical-chemical parameters was done 
as follows:  

- pH determination was carried out using the 
WTW pH 330i apparatus [9]; 

- dissolved oxygen determination was carried 
out using the HANNA HI 9143 apparatus [10];  

- BOD wastewater sample values were 
determined in the laboratory by the Velp System 6 
analyser [10]; 

- COD determination has been carried out 
using the DR5000 spectrophotometer [11, 12]; 

-conductivity determination has been carried 
out using the Hanna Instruments HI 2315 Bench-
Top Conductivity Meter with Built-in Auto-
Temperature Compensation [13]; 

-TSS determination has been carried out using 
the DR 5000 spectrophotometer [14, 15]  

Seven incidents of accidental pollution with 
wastewater coming from the industrial platform, the 
sewer, and the water and crude-oil refinery 
hydrocarbon separator were simulated for the 

implementation of the experimental program. 
The wastewater types subjected to treatment are 
listed in Table 1. 

 
 

RESULTS AND DISCUSSION 

The results obtained are in compliance with 
the previously described experimental plan. After 
its elaboration, a risk assessment associated with 
the operating of such a mobile industrial 
wastewater treatment plant was conducted.  

 
The determination of mobile treatment 

plant water quality via an on-line monitoring 
system. The undertaking of the before-and-after 
water quality treatment study was possible because 
of the measuring and control system with which the 
mobile treatment plant is outfitted.  Upon input, the 

depending on its values, distributes the exact 
required amount of reagents needed for the 
treatment. At the end of the process, it reads the 

 Along the 
analysed wastewater course, the Polilyte PLUS MS 
120 pH sensor has recorded the average values of 
this parameter before and after treatment as shown 
in Fig. 1.  

 
 

TABLE 1 
Industrial wastewater type 

Industrial wastewater 
indicators 

 
Wastewater type 

A1 Industrial wastewater pollution industrial platform  type 1  
A2  Industrial wastewater pollution industrial platform  type 2  
A3  Industrial wastewater pollution industrial platform  type 3  
A4  Industrial wastewater from sewer system type 1  
A5  Industrial wastewater from sewer system type 2  
A6  Industrial wastewater from sewer system type 3  
A7  Water with crude-oil from a hydrocarbon separator - refinery 

 
 

 
FIGURE 1 

The pH variation during experimental period 
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FIGURE 2 

The conductivity variation during experimental period 
 
The graphic lists the fact that pH values range 

from 6.5 to 8.5, which is right within the limits 
imposed by Romanian law [16].    

The conductivity values measured by the 
-line system type 

CONDUCELL 4USF-PG-120 are shown in Fig. 2.  
Influent conductivity values ranging between 

3000 and 3900 mS/cm indicate the presence of salts 
in the water.  The highest values of approximately 
5000 mS/cm can lead to errors in the correct 
functioning of the mobile treatment plant if such 
situations have not been provided for beforehand. 
However, since the plant is designed for accidental 
pollution, its software can still function in limited 
operational conditions owing to its broad sensor 
range and to the possibility of constantly adapting 
the treatment process to in-field working 
conditions. The graphical representation shows a 
decrease in dissolved water salts. The decrease that 
occurred after wastewater treatment in the mobile 
plant led to lower conductivity values of 
approximately 2000mS/cm.  

After wastewater treatment, the VISIFERM 
DO120 (ECS) sensor recorded the following 
dissolved oxygen values, as shown in Fig. 3. 

As seen in the graphical representation, the 
dissolved O2 values increased post treatment 
because of pollutant removal.  A ProPS-WW-
UV-VA sensor was used to determine the mobile 

wastewater mobile plant treatment are shown in 
Fig. 4. The graphical representation indicates that 
some COD values obtained post mobile plant 
treatment exceed the maximum threshold of 125 
mg/L imposed by the legislation in force. 

The mobile wastewater treatment plant is 
outfitted with a special BOD5  measuring sensor, 
and the analysed water type values obtained in the 
process are shown in Fig. 5. The graphical 
representation shows that some BOD5 values post 
mobile plant wastewater treatment exceed the 
maximum threshold of 25 mg/L allowed by the 
legislation in force.  

The determination of total suspended matter 
was carried out using sensor WTW VisoTurb 700 
IQ. As shown in the graphical representation, the 
TSS values obtained post mobile plan treatment do 
not exceed the maximum threshold of 35 mg/L 
imposed by the legislation in force.  

 
 

 
FIGURE 3 

The dissolved oxygen variation during experimental period 
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FIGURE 4 

The COD variation during the experimental period 
 

 
FIGURE 5 

The BOD variation during the experimental period 
 
Determining water quality parameters in 

the laboratory. During the wastewater treatment 
process, it is a possible that the sensors may not be 
capable of always measuring the parameters in real 
time. s 
efficiency, the verification of the post-testing 
obtained values is taken into account, by comparing 
the data recorded by the plant with the laboratory 
results. The present paper highlights the concluding 
results of the study, namely treatment degrees. The 
obtained results are listed in Table 2. 

 
Mobile industrial wastewater treatment 

plant operating risk evaluation. The mobile 
industrial wastewater treatment plant (MWWT) is a 

parameters and the measurement accuracy degree 
can have a significant impact on the environment 

and on operators as well. Any norm deviation of 
such a plant can have hazardous consequences. The 
criticality of such events must be assessed starting 
from fault frequency and severity (F x G), followed 
by the determination of corrective action choices by 
assigning priorities to the subsequent undertaken 
actions. The latter constitutes a criterion for the 
provisional reliability tracking of the equipment.  

The criticality quotation allows a ranking of 
the various flaws that determine the manifestation 
of undesirable events and is based on a security 
matrix. A safety matrix as shown in Table 3 can be 
used for complex equipment/plants whose 
breakdown entails severe consequences.  

significance of the used notations being as follows: 
 

 
TABLE 2 

Comparative treatment degree parameter values measured by means of the two methods. 
Wastewater 
type 
 
 

Treatment degree, (%) 

Parameter values measured in the 
laboratory 

Parameter values measured with MWWT 

 

TSS 
mg/L 

COD mg/L 
BOD5 
 mg/L 

TSS 
 mg/L 

COD 
mg/L 

BOD5 
mg/L 

A1 91.61 90.75 90.41 91.54 90.68 90.29 
A2 91.20 91.20 90.91 91.27 91.18 90.95 
A3 91.52 90.71 90.21 91.48 90.75 90.14 
A4 94.37 50.01 73.51 94.27 47.45 73.28 
A5 91.22 73.28 90.21 91.37 73.26 90.23 
A6 93.26 54.07 77.57 93 53.66 77.38 
A7 92.73 54.73 70.39 92.78 54.71 70.27 
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TABLE 3 
Safety matrix for pentru complex equipment/plants 

Probability Extremely 
unlikely 1 

Low 
probability 

2 

Medium 
probability 

3 

High 
average 

probability 
4 Consequences 

No 
consequences, 
minor 1 

A 1 A 2 A 3 A 4 

Uncritical 2 A 2 A 4 D 6 D 8 
Critical 3 A 3 D 6 N 9 N 12 
Catastrofy 4 N 4 N 8 N 12 N 16 
A - Self; D - Double control; N - Requires rigorous control 

 
TABLE 4 

Significance Criterion G (stopping production) for MWWT 
SEVERITY INDEX CRITERION G 1 
1 Residence time  shorter 12 hours 
2 Residence time shorter 24 hours 
3 Residence time shorter than one week 
4 Residence time longer than one week 

 
TABLE 5 

Significance Criterion G (human and environmental factors) for MWWT 
SEVERITY INDEX CRITERION G 2 
1 Event no casualties 

2 
Event mild consequences for workers (not requiring 
hospitalization) 

3 
Event consequences for workers and / or population 
(requiring hospitalization) and / or the environment 

4 
Event with serious consequences for workers and / or 
population (disability or death) and / or the environment 

 
A - the manufacturer must personally ensure 

the correct execution of their work; they are their 
own controller (as stated in the ISO 9001 quality 
management system).  

D - at this level, in addition to level A, there 
will be a second co-worker  licensed to perform 
the same activity and authorized to control it  who 
will perform a second inspection on condition that 
the inspected activity has not been carried out by 
the latter, but by their colleague.  

N - in addition to control A, there will be a 
second co-worker  licensed to perform the same 
activity and authorized to control it  who will 
perform a second inspection on condition that the 
latter has neither carried out the inspected activity 
or its commission, nor taken part in its execution.  

A security matrix as shown in Table 3 was 
used for the practical operating parameters of the 
industrial wastewater treatment plant, the gravity 
index giving criterion G (G1 + G2) a double 
meaning (criteria G1 and 2 in Tables 4 and 5).  

Since the wastewater treatment plant features 
a high degree of component complexity, the 
breakdown impact on operator security is also of 
interest. Given these circumstances, in risk analyses 

the purely economic factor (related to the actual 
plant running period) may become secondary in 
comparison to the security criteria employed in the 
elaboration of a consequence evaluation matrix 
(Table 3).  

Eight reasonable quotation levels are found in 
this assessment matrix; the large number of adopted 
criteria (8) is required by the complexity of the 
developed processes. There is also another method 
that can be used for the determination of the 
criticality of an event apart from using matrix 
assessment methods.    

In this case the control/surveillance activities 
carried out within the plant are taken into account, 
their effectiveness being assessed by their 
detection/non-detection degree of possible 
occurring events that can have hazardous effects on 
the plant, process and/or even on the environment. 
In this case, criticality is evaluated according to the 
following relation [17, 18]  (Eq. 1):  

C = G x F x N  (1) 
where G is the severity index. For the 

examined situation, G = G1 + G2; F  frequency 
index (probability of hazardous event occurrence); 
N  non-detection index.   
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TABLE 6 
Quotation method of severity indices 

d CRITERION G CRITERION F CRITERION N 
1 Minor Less than once every two 

years effective detection, 
Which allows a preventive action in 
order to prevent the defect 

2 Without treatment 
performance 
degradation mobile 
station 

Less than once a year Detection effective interventions under 
implementation by authorized technical 
personnel 

3  
 

With minor 
consequences on 
mobile station and 
treatment plant 
operator 

Less than twice a year Means of detection leads to self-
protection systems or components 
made by software programming mobile 
cleaning station 

4 With significant 
consequences on 
the security staff 

Less than once a semester Means of detection is reliable but offers 
a limited number of information 

5 With serious 
consequences 

Less than once a month Means of detection is reliable but offers 
a limited number of information 

6 Internal 
catastrophic 
consequences Less 
than once a week is 
not reliable means 
of detection 

Internal catastrophic 
consequences Less than 
once a week is not 
reliable means of 
detection 

Internal catastrophic consequences Less 
than once a week is not reliable means 
of detection 

7 Foreign 
catastrophic 

More than once a week There is no means of detection 

 
According to relation (1), the lower the non-

detection index is, the lower criticality is (detection 
is more efficient). The three indices are rated 
according to the process type and to the critical 
event, the operating personnel and the 
environmental impact of the plant. To exemplify, 
Table 6 shows a quotation method of these indices 
for the industrial wastewater treatment plant.  

The successful operation of an industrial 
wastewater treatment plant, just like any other piece 
of complex equipment, is only possible via the 
correct interpretation of error generating events and 
the objective assessment of their consequences. 
Taking these factors into consideration, a superior 
stage of risk assessment type (e.g. AMDEC) can be 
undertaken. This process relies on analyses 
involving system function identification, possible 
failure occurrence and specific type, failure 
importance and effect categorization via G, F, N 
indicator labelling, equipment risk coefficient 
calculation, and the study of risk avoidance 
possibilities by implementing appropriate measures. 

  
 

CONCLUSIONS 

By comparing the results obtained in the 
laboratory with those obtained by the wastewater 

there are relatively slight differences between the 

high sensor accuracy. As the obtained results listed 

in the following table show, the mobile treatment 
plant registered a treatment efficiency rating of over 
90% when removing BOD5, COD, TSS from the 
analysed wastewater.     

The treatment of the seven wastewater types 
of with pH values ranging between 6.5 and 8.5 led 
to a decrease of conductivity from 5000 mS/cm to 
2000 mS/cm, which made possible plant 
interchangeability in the mobile treatment plant. As 
such, the exceeded COD and BOD5 values can be 

osmosis stations. 
The discharging of post-treatment sludge after 

its preliminary treatment in specially designed 
compartments constitutes yet another advantage in 
favour of this type of operation in the case of 
accidental pollution. The quotation method of 
criticality indices of the mobile industrial 
wastewater treatment plant represents a method of 
system function identification, on the one hand, and 
of possible fault analysis, on the other hand. 

Given the complexity of the treatment process, 
the risk evaluation matrix has 8 reasonable 
quotation levels. The conducted risk analysis shows 
a low operating risk probability because of human 
error. However, it should be noted that the 
limitations of this plant type are its reduced 
workflow capacity, namely only 10 l/min. 
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ABSTRACT 

Many researchers by modifying different kinds 
of collar or combination of the collar and other local 
scour countermeasures try to weaken local scour 
mechanisms and reduce the scour depth or delay it. In 
present study a new kind of collar i.e. ridged collar, 
was employed as a local scour countermeasure to 
disrupt down-flow and horseshoe vortex agents; 
which are the principal agents of scour under steady 
current; and consequently decrease scour depth and 
volume around a cylindrical pile under clear water 
condition. For this purpose two kinds of ridges consist 
of vertical and incline ridges with three different 
heights including 0.5, 1.0 and 1.5 cm were used. Also 

effectiveness, each of ridged collars was mounted at 
different levels, including +5, +2.5, 0,-1.5, -3 cm. It 
was observed that incline ridged collars had better 
performance in reduction of maximum scour depth at 
up zero levels than zero and subzero levels. Also 
results signify that like a collar without ridge, as the 
ridged 
decrease. It was clarified that at a specific level as the 

and incline ridges in comparison with vertical ones, 
reduces scour depth more. Based on attained data an 
empirical formula for predicting maximum scour 
depth for a circular pile fitted with a ridged collar in 
clear water condition derived.  

 
 

KEYWORDS 
Ridged collar, clear water condition, scour, circular pile  

 
 

INTRODUCTION 

Scour is defined as a natural phenomenon 
caused by the flow of water in rivers and streams [1]. 
It is the consequence of the erosive action of flowing 
water which removes and erodes material from the 
bed and banks of streams and also from the vicinity 
of bridge piers and abutments and finally cause 

failure of the bridge. Lots of these incidents are 
mentioned in the literature. Scour was found to be 
the main cause of the 1987 Schoharie Creek Bridge 
failure in New York in which 10 people were killed 
[2, 3]. The 1989 catastrophic collapse of a U.S. 51 
bridge over the Hatchie River in Tennessee resulted 
in the death of eight people [4]. Besides their human 
toll, bridge failures cost millions of dollars each year 
in direct expenditure for replacement and restoration 
in addition to the indirect expenditure related to the 
disruption of transportation facilities [4]. Mitigation 
measures for local scour at bridge piers can be 
grouped into armoring techniques and flow 
alteration devices ([5, 6]) that the use of collar 
belongs to second category. 

Using collar solo or in combination with other 
scour countermeasures are investigated by many 
researchers. Kayaturk et al. [7] studied the effect of 
a collar on the temporal development of scour around 
bridge abutments (Fig. 1). Four different collar 
widths, W = 0.025, 0.050, 0.075 and 0.10m, were 
tested. Since the effectiveness of the collar on the 
development of the scour hole is also a function of 
its vertical location on the abutment, all collar types 
were tested at various elevations, including bed 
level, 0.025m and 0.050m above the bed level, 
and0.025m and 0.050m below the bed level. The 
symbol ds in the figure is maximum scour depth and 
Zc is the elevation of the collar with respect to the 
channel bed at the abutment. 

As shown by the results in Fig. 1, by reducing 
the  scour depth decreased. The 
experimental results signified that not only did the 
presence of a collar reduce the scour depth; but also 
the rate of the temporal development of the scour 
hole was also reduced. It is also shown that the 
efficacy of the collar at decreasing scour depth 
reduces as the vertical distance between the collar 
plate and the bed level, Zc, increases. However, 
installation of the collar at elevations below the bed 
level gave a better result. The results of Kayaturk et 
al. [7] are in agreement with the other researchers 
that, as the collar width increases, the scour depth 
decreases for a given time. Lauchlan [8], Dey [9],  
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FIGURE 1 
Time development of scouring around the abutments without and with the collar of width 

100 mm installed at various elevations Zc (Kayaturk et al. 2004) 
 
 

 
FIGURE 2 

Dimensionless form of Time development of scouring around the abutments without and with  
the collar of width 100 mm installed at various elevations Z (Kayaturk et al. 2004) 

 
Whitehouse [10], Hoffmans and Verheij [11], 

and Melville and Coleman [12] also gave a brief 
review of the application of a protective collar as a 
countermeasure for local scour at bridge pier. The 
general agreement is that a collar can be used to 
reduce scour depth as well as to reduce the scouring 
rate. Fig. 2 is dimensionless form of Fig. 1 where 
vertical axis presents dimensionless ratio of ds/B in 

 (10 cm) and each line 
represents a dimensionless ratio of Z/Y that Z is 

d level and Y is flow 
depth (10 cm).  

Kumar et al, [13] attains a formula for the 
prediction of reduction of scour depth for a pile that 
is fitted with a collar with negligible thickness: 

 

                       (1) 

Where is equilibrium scour depth in case of 

pier fitted with a collar,  is equilibrium scour 
depth in case of pier without appurtenances, B is the 
diameter of the collar, b is the diameter of pier 
without appurtenances, H is the depth of the collar 
below the free water surface and Y is depth of flow 
[13]. Tafarojnoruz et al. [14] asserted that the results 
of their experiments are in the agreement with 
equation 1. 

A collar at any level above the bed, divides the 
flow into two regions above and below the collar. In 
the region above the collar, it acts as an obstacle 
against the down flow due to which the down flow 
loses its strength on impingement at the bed. For the 
region below the collar, the down flow and the 
horseshoe vortex are weakened. However, the 
efficacy of a collar depends on its size and the 
location on the pier with respect to the bed (Kumar 
et al. [13]). 
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a)    
       b) 

 
 

FIGURE 3 
(a) Scour and flow pattern around a rectangular pier, protected by a collar and (b) Flow pattern around a 

circular pier, protected by ridged collar 
                             
      a) 

 
              b) 

 
FIGURE 4 

(a) Experiment setup and parameters (b) Maximum scour point (A) and base point (B) in upstream of the 
pile 
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Sketch for scouring and flow pattern around a 
rectangular pier, protected by a collar is shown in 
Fig. 3(a) (Mashahir et al. [15]). The idea behind 
using the ridged collar is that after impingement of 
the down flow at the collar and moving toward the 
edge of that, the ridges act as an obstacle and reduces 
its strength and consequently reduces the scour depth 
or volume (Fig. 3(b)). It should be mentioned that, it 
was predicted the ridges may have a negative effect 
that is turbulence that can strengthen scour process. 
For decreasing this negative effect incline ridges 
were designed too. 
 
 
MATERIALS AND METHOD 

 
For investigating effect of ridged collar on the 

scour process on the periphery of the circular pile 
seven types of ridged collars consist of vertical and 
incline ridged collar having three different heights 
(h=0.5, 1.0, 1.5 cm) in addition to collar without 
ridge, were used. Each ridged collar was installed in 
five levels, including Z= +5, +2.5, 0.0, -1.5, -3 cm 
and considering the test of the pile without collar, 36 
tests were carried out totally. Diameter of Pile and 
collar were b=0.05 m and B=0.1 m respectively. 
Flow depth was maintained consonant at Y=0.15 m 
in all the tests. Fig. 4(a) shows the experimental 
setup and parameters that used in all tests. For 
investigating the ridged collar effect on time 
development of scour, scour depth in a point that is 
called base point (point B) was recorded in special 
intervals (Fig. 4(b)). These intervals were less in the 
initial hours of test and become longer in the 
finishing hours. Reason of different intervals 
contributes to scour rate. As it is mentioned in 
literature, scour rate is considerably faster at the 

beginning time of the test and it reduces in 
finishing hours. In Fig. 4(b) point A is representing 
point of the maximum scour depth. According to 
Alabi [16] occurrence of equilibrium scour  needs 
such a long period of time that after 40 days he 

f scour depth 
was formed in the first hours of the tests. So in this 
study a 4.5 hour period of time was considered for 
each test. All the tests were run in a flume with 
rectangular cross section that its length, width and 
depth are 10, 0.6 and 0.45m respectively, and it was 
equipped with a water circulation system. In the 
downstream of flume a recess with 0.7m long, 0.6m 
wide and 0.2m deep was made that the pile was 
installed on the centerline of it. Uniform sand with a 
geometric standard deviation equals to  

1.5(  was used as 

erodible bed.  
It is suggested for attaining maximum scour 

depth in clear water condition that  and flow 
intensity values slightly less than the threshold of 
sediment motion that regarding flow intensity equals 
to 0.9 in all experiments, both of these principals 
were considered [14]. The median size of the 
sediment is =0.88mm and critical velocity were 
determined through two procedures; shields diagram 
and empirical experiments that by two methods, 
results were same and equal to 32 cm/sec. Regarding 
to flow intensity, average velocity would be 28.8 
cm/sec. 
diameter to the median size of sediment exceed 50 

( ), sediment size would not affect scour 

depth that this ratio in present work is  

56.8 ( = 56.8). By using Delft 

programmable electro-magnetic liquid velocity 
 

a b 
 

FIGURE 5 
Detailed schema of (a) 1.0 cm incline and (b) vertical ridged collar 
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me
was measured during the tests and it was 28.8 cm/sec 
approximately. In all the tests the flow depth (Y) was 
the same and equal to15 cm and by means of an 
installed ruler on the Plexiglas side of the flume, it 
was checked all along the tests. According to Ettema

vortex, resulting in scour depth would be 
hat 

this ratio in the present study equals to 3.0 ( ). 

discharge was 25.9 lit/sec. A detailed schema of the 
vertical and incline 1.0 cm ridged collars are shown 
in Fig. 5. A 50mm-diameter polyamide circular pile 
was used as a model. Collars and their ridges were 
made of transparent Perspex and PVC respectively, 
that all of these materials are smooth hydraulically. 
According to Shen et al. [18] if the ratio of the flume 

exceeds 8 in clear water 
condition and 10 in live bed condition, we can 
neglect the blockage effect of side walls of flume that 

this ratio in the present work is 12 ( ). For 

conducting tests, firstly the pile was placed on the 
centerline of the recess and then the hole was 
backfilled in five layers that each layer has 3 cm 
thickness and it was compacted by using an especial 
hammer for 10 times. Then by means of a spirit level, 
pile was erected perpendicularly to the sand bed and 
by a wooden platform, it was fixed to the walls of the 
flume. Then the sand bed was leveled all along the 
flume by using a wooden trowel. Two steel plates 
were placed around the pile in order to prevent the 
sand bed being eroded before the flow discharge 
reached to the supposed value (25.9lit/sec) (Fig. 6). 
When all the conditions were as wished, the plates 
removed carefully and then the timer started. At the 
end of the experiment the flume was drained very 
slowly in order to prevent scour hole from defacing. 
Topography of the scour hole was surveyed by using 
a profile indicator in a 2.5×2.5 cm mesh. Collected 
data were entered to Surfer version 10 and 3D 
wireframe and 3D surface of the scour hole sketched. 

(maximum scour depth) up to the initial bed level 

rules and Maximum scour depth was measured by a 
0.1mm-precision point gauge. All the tests were 
conducted in river engineering department of the soil 
conservation and watershed management research 
institute in Tehran. 

.  
 

RESULTS AND DISCUSSIONS 

As it is depicted in Fig. 7 (a), scour started first 
at the sides of the pier (i.e., region1 in Fig. 4(b)) and 
as the time past it is propagated rather rapidly around 
the pier perimeter from both sides toward the  

 
 

FIGURE 6 
Placing 1.5cm incline collar at -3cmlevel and 
metal plates in order to prevent of scouring 

before tests 
 

a)  

b)       

               c)                                           
FIGURE 7 

(a) Scour at the sides of the pier (b) ring-liked 
groove at upstream face of pier (c) deposited 

scoured sand at wake region 
 
centerline of the pier at the upstream face (i.e., region  
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TABLE 1 
Ridged collars that had best performance regarding maximum scour depth and volume 

Z/Y Type of collar 
Reduction of 

scour depth (%) 

Decrease or 
increase of scour 

volume (%) 
+0.33 0.5 cm vertical   
+0.17 0.5 cm incline   

0.0 0.5 cm incline   
-0.1 0.5 cm incline   
-0.2 0.5 cm incline 0.0  

 
 

2 in Fig. 4(b)) (Fig. 7(b)). At this step there was a 
ring-like groove formed by scour process around the 
upstream half of the pier between region 1 and 2. 
Also at this stage scoured sand bed deposited in the 
wake region (i.e., region 3 in Fig. 4(b)) (Fig. 7(c)). 
At finishing time of the tests, ring-like groove at 
upstream of the pier become wider and deeper and 
deposited sand in wake region migrate further 
downstream. At the end of the tests, the overall 
pattern of scour was symmetrical. 

It is noticeable that same process was also 
observed by Aalabi [16], investigated on effect of 
collar without ridge on scour process. 
So scour hole formation in case of collar without 
ridge and ridged collar are highly same.  

All the experiments results regarding to the 
scour depth and scour volume are shown in Fig. 8 
and 9 respectively. In Fig. 8 horizontal axis shows a 
dimensionless ratio (Z/Y) that symbol Z is the 

flow depth and also vertical axis is the dimensionless 
ratio (ds/b) that symbol ds is scour depth by using a 

9 
vertical axis is the dimensionless ratio (Vc/b×Y×d50) 

ridged collar, and d50 is median size of the sand bed. 
In these figures each line represents a specific collar. 
For example h/b=0.1 (vertical) representing a 

 
At each level a specific collar had best 

performance in reduction of maximum scour depth 

and volume that it is shown in Table 1. In this table 
first column shows the level of the ridged collar, 
second column represents type of ridged collar that 
had best performance in comparison to collar 
without ridge at same level and third and fourth 
column show percent of reduction or increase of 
scour depth and volume for the ridged collar that had 
best performance respectively. According to Table 1 
at Z/Y=0,-0.1 despite of reduction of scour depth, 
scour volume increase that the reason is in test of 
ridged collar scour hole has bigger dimension and 
steeper slope in comparison to test of collar without 
ridge. As it could be seen from Table1, ridged collar 
in comparison to collar without ridge at the same 
level, at upper levels (Z/Y=+0.33, +0.17) of the bed 
had better performance and reduce maximum scour 
depth 15.5% and 6.67% than lower levels (Z/Y=0, -
0.1 and -0.2) of the bed that the percentage of 
maximum reduction are 5.26, 4.65 and 0.0 
respectively. As depicted in Fig. 10, maybe the 
reason is when the ridged collar is mounted at upper 
levels, it reduces down flow strength, but as 
mentioned before, this type of collar, maybe has a 
negative effect that when the approaching flow hit 
the ridges, it makes a turbulence causing stronger 
scour process. So when these collars have long 
distance to the bed the negative effect would be less 
important and the effectiveness of the collar 
increased and vice versa. 

 

 
FIGURE 8 

 Different ridged collars performance regarding to scour depth 
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FIGURE 9 
Different ridged collars performance regarding to scour volume 

  
a b 

FIGURE 10 
Flow diffusion effect on bed scouring in (a) near and (b) far levels to bed 

 
 
Considering Fig. 8 and 9 it is clear that at zero 

and subzero levels (Z/Y=0, -0.1 and -0.2), for a 
constant level, incline ridges have better 
performance in maximum scour depth and volume 
reduction than vertical ones. For example at Z/Y=-
0.1 values of ds/b for h/b=0.1,0.2 and 0.3 (incline) 
are 0.82, 0.88 and 0.94 and for h/b=0.1, 0.2 and 0.3 
(vertical) are 1, 0.96 and 1.16 and values of 
Vc/b×Y×d50for h/b=0.1,0.2 and 0.3 (incline) are 
186.77, 183.33 and 194.69 and for h/b=0.1, 0.2 and 
0.3 (vertical) are 211.645, 211.075 respectively. 
Maybe the reason is that the vertical ridges have 
more resistance against the approaching flow than 
incline ridges so they make more turbulence. As it is 
illustrated in Fig. 11, after impingement of the 
approaching flow to an incline ridge, it is reflected 
with the angle between the collar and ridge (i.e. 45 ) 
but when it hit a vertical ridge it is scattered in any 
direction and cause more turbulence and that is why 
incline ridges have better hydraulic performance in 
zero and subzero levels.  

At up zero levels (Z/Y=+0.33 and +0.17) there 
is no specific trend that maybe the reason is the 
distance between ridged collar and bed. When 
vertical ridged collar mounted at far levels to bed the 
turbulence that it makes has less effect than near 
levels to bed so at these levels incline ridges have 
better performance. 

According to Fig. 8, ridged collar in 

comparison to collar without ridge at the same level, 
at upper levels (Z/Y=+0.33,+0.17) of the bed had 
better performance than lower levels (Z/Y=0, -0.1 
and -0.2) of the bed. For example for 1.0 cm incline 
ridged collar (h/b=0.1 (incline)) values of ds/b 
atZ/Y=+0.33, +0.17, 0, -0.1, -0.2 are 331.7, 263.94, 
195.91, 176.92, 124.145respectively. 

Also Fig. 8 and 9 clarify that for incline ridges 
at a constant level, 0.5 cm ridges had better 
performance than 1.0 and 1.5 cm in reduction of 
scour depth and volume. For example at Z/Y=+0.17 
values of ds/b and Vc/b×Y×d50 for h/b=0.1,0.2 and 
0.3 (incline) are 1.48, 1.6, 1.5 and 335.63, 371.201, 
339.293 respectively. The reason for this 
phenomenon maybe is that because of their less 
height, 0.5 cm ridges had less resistance against the 
flow than 1.0 and 1.5 cm ridges so the negative effect 
of them has less impact on scour process. Of course 
it should be asserted that between incline ridges, 
scour depth and volume for 1.5 cm ridges are less 
than 1.0 cm ridges and slightly more than 0.5 cm 
ridges. As it said earlier, incline ridges had better 
performance in reduction of scour depth and volume 
and among them, those with 0.5 cm height, are more 
effective in scour depth and volume reduction that 
Table 1 justifies this matter. According to Table 1, 
0.5 cm incline ridge in most levels has best 
performance in reduction of scour depth and volume. 

As it is shown in Fig. 8, for a specific ridged  
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a                                             b 

FIGURE 11 
Flow diffusion after hitting to the (a) incline and (b) vertical ridge 

 

scour depth (ds/B) reduces too. For instance values 
of ds/b for0.5 cm incline ridge (h/b=0.1) in Z/Y=-0.2, 
-0.1, 0, +0.17 and +0.33 are 1.64, 1.58, 1.16, 0.94 
and 0.74 respectively. This trend was observed by 
many researchers that investigate on effect of collar 
without ridge on local scour process like Kayaturk et 
al. (Fig. 2) [7], Lauchlan [8], Dey [9], Whitehouse 
[10], Hoffmans and Verheij [11], and Melville and 
Coleman [12]. 

Time developments of scour in point B (base 
point) for different ridged collars in different levels 
are shown in Fig. 12 to 18. According to these figures 
there is a common trend that the rate of scour for a 
pile without collar is more than pile fitted with a 
ridged collar. Also it is clear that like collar without 
ridge, for a specific ridged collar, as the level of a 
ridged collar reduces, scour rate and depth reduce. 
Fig. 18 is time development of scour process for 
collar without ridge in different levels that the trend 
is exactly similar to what Kayaturk et al. [7] (Fig. 2) 
attained. As it is clear from Fig. 18 
level decrease, scour rate and depth reduce. 

  

 
FIGURE 12 

Time development of scour in base point (point 
B) in different levels for 0.5cm incline ridged 

collar 
 

It has long been established that the basic mechanism 
causing local scour at piers is the down-flow at the 
upstream face of the pier and formation of vortices 
at the base (Heidarpour et al. [19] and Muzzammil et 
al.[20]). Down-flow impinges on sand bed and 

dislodges them and create scour hole. The horseshow 
vortex is very effective at transporting the dislodged 
particles away past the pier. So down-flow is very 
effective in amount of scour depth and horseshoe 
vortex in scour hole dimensions and volume. 
According to Table 1, Fig. 8 and 9 at each level, 
ridged collar in comparison to without ridge collar 
reduces scour hole and volume so it can be 
concluded that scour mechanisms by using ridged 
and without ridged collar are same and they are 
weakened slightly more in case of ridged collars so 
we can say that the objective of using ridged collar 
was met. 
 

 
 

FIGURE 13 
Time development of scour in base point (point 
B) in different levels for 0.5 cm vertical ridged 

collar 
 

 
 

FIGURE 14 
Time development of scour in base point (point 
B) in different levels for 1.0 cm incline ridged 

collar 
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FIGURE 15 

Time development of scour in base point (point B) in different levels for 1.0cm vertical ridged collar 

 
FIGURE 16 

Time development of scour in base point (point B) in different levels for 1.5cm incline ridged collar 
 

 
 

FIGURE 17 
Time development of scour in base point (point B) in different levels for 1.5 cm vertical ridged collar 

 

 
 

FIGURE 18 
Time development of scour in base point (point B) in different levels for collar without ridge 

 
DIMENSIONAL ANALYSIS 

Effective parameters in local scour 
phenomenon on the periphery of a circular pile fitted 
with a ridged collar in clear water condition are: Z= 
collar distance to the bed, h= ridge height, Y= flow 

depth, b= pile diameter, B= ridged collar diameter, 
W= flume width, d50= median size of sand bed, = 
geometric standard deviation, U= mean approaching 
flow velocity, = critical flow velocity for the 
initiation of sediment motion, s= ( )= buoyant  
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FIGURE 19 
Values of ds/y calculated by equation 5(vertical axis) against values of it in experiments (horizontal axis) 

 
 

grain density with = grain density and = water 
density, t= time, = kinematic viscosity, = angel 
between ridge and collar and ds= maximum scour 
depth. By applying Buckingham theorem to above 
list of parameters, following equation derived: 

        

(3) 
Where,  is an unknown function. The 

influence of each dimensionless term in equation 3 
was investigated by many researchers. After 
adapting equation 3 by experiments condition and 
omitting consonant terms, linear equation (4) was 
attained: 

                                                  (4) 

data was fitted to equation 4 and values of A,  and 
 derived: 

                             (5) 

In this formula  is maximum scour depth for 
 

 
level that minimum value for it in this formula is -4. 

Regarding this formula, the power of ridge term ( ) 

(0.004) in comparison to power 

( ) (0.392) is negligible so we can say that ridges 

and that is why the difference between scour depth 
by using a ridged collar and collar without ridge in 
the same level is not very considerable (Table 

1).Vertical axis in Fig. 19 shows values of  

calculated by equation 5((ds/Y)cal) and horizontal 
axis shows the values that attained in experiments. 
As it is clear from Fig. 19, value of correlation 
coefficient (R2) is close to one (0.9084) so equation 
5 predicted maximum scour depth very well for 
present data. 

Percent of reduction of the scour depth for each 
of the ridged collar is not in agreement with one that 

the difference stems from absence of any term that 

collar and ridges in equation 1. The other reason may 
be is that Kumar et al. ([13]) considered an 
equilibrium condition (scour depth change is less 
than 1mm within 3 hours) but in the present work 
there is a limited time frame (4.5 hours), So they 
measure equilibrium scour depth at the end of their 
tests but in present work, maximum scour depth was 
measured at the end of a limited time frame.  

 
 

CONCLUSIONS 

In this study six kind of ridged collars with 
different three different heights including 0.5, 1.0 
and 1.5 cm mounted at different levels such as +5, 
+2.5, 0.0, -1.5 and -3 cm were employed to 
investigate effect of these kind of collars on 
maximum scour depth and volume in clear water 
condition. Each of ridged collars mounted at 
mentioned level at which collar without ridge was 
used for comparison purpose. Totally 36 tests 
conducted that each one lasts 4.5 hours. The idea 
behind of ridged collar is that after impingement of 
down-flow, which is known as major agent of local 
scour, on collar and moving toward the edge of it, 
ridges hinder it from going to down part of collar and 
impinging sand bed. By weakening down-flow and 
horseshoe vortex (formed as result of interaction of 
down-flow and approaching flow) by ridges, scour 
depth and volume decrease. It was observed that at 
all levels; incline ridged collars in comparison to 
collar without ridge had better performance in 
reducing scour depth and volume. According to 
obtained data base, by using GRG nonlinear method 
an empirical formula (formula 5) derived. 

Specific results of the present study 
summarized as follows: 

- At each level, incline ridges had better 
performance in decreasing scour depth and volume 
than vertical ones, that maybe the reason contribute 
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to less turbulence they made in comparison to 
vertical rides. 

-  Amongst incline ridges at each level, 
ridges with 0.5 cm height are more effective than 1.0 
and 1.5 cm ones. The reason maybe is as their height 
reduces, their resistance against approaching flow 
decreases consequently they make less flow 
diffusion. 

- Similar to the without ridge collar, as 
distance of the ridged collar to bed decrease, scour 
depth and rate decrease too. Also it is observed that 
process of formation of scour hole is similar to what 
other researchers observed in case of collar without 
ridge. 

- As it is showed in equation 5, the power of 

see on Table 1 except +5 cm level, at other levels the 
maximum of reduction of scour depth by ridged 
collars in comparison to without ridge collar at same 
level, is very little and it is 6.4% on average for all 
levels. 

- According to table 1, except +5 cm level 
that 0.5 cm vertical ridged collar had the best 
performance, at other levels 0.5 cm incline ridged 
collar had most efficacy in scour depth and volume 
reduction that this result was expected. 

 
 

ACKNOWLEDGEMENTS 
 
This study was partially founded by Qom 

University as a part of M.A thesis. Also department 
of river and coastal engineering of Soil Conservation 
and Watershed Management Research Institute 
(SCWMRI), Tehran, Iran is appreciated for their 
assistance in conduct of scour tests. Also helpful 
suggestions from Mojtaba Saneie are gratefully 
acknowledged. 

 
 

REFERENCES 
 
[1] Breusers, H.N.C., Nicollet, G. And Shen, H.W 

(1977) Local                 scour around cylindrical 
piers. Journal of Hydraulic Research, 15(3), 
211-252 

[2] Ting, F.C.K., Briaud, J.L., Chen, H.C., 
Gudavalli, R.,AndPerugu, S. (2001) Flume tests 
for scour in clay at circular piers. Journal of 
Hydraulic Engineering, 127 (11), 969-978. 

[3] Wardhana, K. and Hadipriono, F.C. (2003) 
Analysis of recent bridge failures in the United 
States. Journal of Performance of Constructed 
Facilities, ASCE, 17(3), 144-150. 

[4] Lagasse, P.F., and Richardson, E.V. (2001), 
ASCE compendium of stream stability and 
bridge scour papers. Journal of Hydraulic 
Engineering, 127 (7), 531-533. 

[5] Johnson, P.A., Hey, R.D., Tessier, M. Rosgen, 

D.L. (2001) Use of vanes for control of 
scour at vertical wall abutments. Journal of 
Hydraulic Engineering, ASCE, 127(9), 772-
778. 

[6] Melville, B.W. And Hadfield, A.C. (1999) Use 
of sacrificial piles as pier scour 
countermeasures. Journal of Hydraulic 
Engineering, ASCE, 125(11): 1221-1224. 

[7] Kayaturk, S.Y., Kokpinar, M.A. and Gogus, M. 
(2004) Effect of collar on temporal development 
of scour around bridge abutments. 2nd 
International Conference on scour and erosion, 
IAHR, Singapore, November 14-17,7p. 

[8] Lauchlan, C.S. (1999). Piers scour 
countermeasures. PhD Thesis, Department of 
Civil and Resources Engineering, University of 
Auckland, Auckland, New Zealand. 

[9] Dey, S. (1999) Time-variation of scour in the 
vicinity of circular piers. Water & Maritime 
Engineering Journal, Proceedings of the 
Institution of Civil Engineers, Thomas Telford 
Journals, London, 136(2), 67-75, Paper 11426, 
June. 

[10] Whitehouse, R.J.S. (1998) Scour at marine 
structures: A manual for practical applications. 
Thomas Telford publications, Thomas Telford 
Ltd, 1 Heron Quay, London, United 
Kingdom.198 p. 

[11] Hoffmans, G.J.C.M. and Verheij, H.J. (1997) 
Scour manual. A.A. Balkema, Rotterdam, 
Netherlands, 205 p. 

[12] Melville, B.W. And Coleman, S.E. (2000), 
Bridgescour Water Resources Publications, 
LLC, Colorado, U.S.A., 550 p. 

[13] Kumar, V., RangaRaju, K.G. and Vittal, N. 
(1999) Reduction of local scour aroundbridge 
piers using slots and collars. Journal of 
Hydraulic Engineering, ASCE, 125 (12), 1302-
1305. 

[14] Tafarojnoruz, A., Gaudio, R., Andcalomino,f. 
(2012) Evaluation of Flow-altering 
countermeasures against scour at bridge piers: 
review. J Journal of Hydraulic Engineering 
,138(3),297-305. 

[15] Mashahir, M. B., Zarrati, A. R., AndMokallaf, 
E. (2010) Application of riprap and collar to 
prevent scouring around rectangular bridge 
piers. Journal of Hydraulic Engineering, 136(3), 
183 187. 

[16] Alabi, P. D. (2006) Time development of local 
scour at a bridge pier fitted with a collar. MS 
thesis, Civil and Geological Engineering Dept., 
University Of Saskatchewan, Canada. 

[17] Ettema, R. (1980) Scour at bridge piers. PhD 
Thesis, Auckland University, Auckland, New 
Zealand. 

[18] Shen, H.W. and Schneider, V.R. (1969) Local 
scour around bridge piers. Journal of the 
Hydraulics Division, Proceedings of the 
American Society of Civil Engineers, 95(6), 



© by PSP  Volume 25  No. 11/2016, pages 4525-4536  Fresenius Environmental Bulletin 

4536 

1919-1941. 
[19] Heidarpour, M., Khodarahmi, Z. and Mousavi, 

S.F. (2003) Control and reduction of local scour 
at bridge pier groups using slot. Proceedings, 
XXX IAHR Congress, Thessaloniki, Greece, 
August 24 - 29, 7p. 

[20] Muzzammil, M., Gangadharaiah, T. and Gupta, 
A. K. (2004) An experimental investigation of a 
horseshoe vortex induced by a bridge pier. 
Water Management Journal, Proceedings of the 
Institution of Civil Engineers, Thomas Telford 
Journals, London.157 (2), 109-119. Paper 
13904, June 2004. 
 
 

 
 

 
Received: 21.04.2016 
Accepted: 07.09.2016 
 
 
CORRESPONDING AUTHOR 
 
Seyyed Mohammad Reza Seyyedi Saadati 
MSc, Department of Hydraulic Structures, Qom 
University, Qom, Iran 
 
e-mail:  en_smrss@yahoo.com 

 



© by PSP  Volume 25  No. 11/2016, pages 4537-4546   Fresenius Environmental Bulletin  

4537 

 
LIFE CYCLE ASSESSMENT (LCA) AND ENVIRONMENTAL 

BENEFITS ANALYSIS OF ONE WIND FARM IN CHINA 
 

Zhidong Li1,2, Fan Zhang3, Guobao Song1,* 
 

1Key Laboratory of Industrial Ecology and Environmental Engineering (MOE), School of Environmental Science and Technology, Dalian 
 

2Liaoning Academy of Environmental Science, Shuangyuan Road 30-  
3Liaoning Academy for Environmental Planning Co., Ltd, Shuangyuan Road 30-  

 
 

ABSTRACT 

   
Coal-fired power is absolute predominance in 

 power sector. Energy-saving and emission 
reduction benefits have been more and more 
attention and interest by our government and people, 
which speeds up the development and utilization of 
renewable energy sources, in particular the 
development of wind energy resources. For the 
healthy and orderly development of wind farms, 
one life cycle assessment model of wind farm is 
built on context of China in the study. We have a 
specific wind farm project as a functional unit. And 
applies life cycle assessment to analyze its energy 
consumption input-output and environmental 
impact. The primary energy use, greenhouse gas 
(GHG), electricity generation and loss of carbon 
sequestration capacity of the full wind farm life 
cycle are calculated. In the study, we also forecast 
mainly pollutants SO2, NOX and GHG emission 
reductions which from electricity generation in 
fossil fuel fired power plants that are displaced by 
one wind farm. We propose a simplified calculation 
method only related to comprehensive coal 
consumption and pollutant discharge rate, to 
effectively standardize and quickly calculate the 
environmental benefits of wind farm. 
 
 
KEYWORDS: 
Wind Resources Exploitation; Life Cycle Assessment; 
Environmental Impacts; Environmental Benefits 

 
 

INTRODUCTION 

   
As a developing country, China is speeding up 

the industrialization process, which has been 
characterized by increasing population, high rates of 
urbanization, and rapid economic development, 
which will need a large big energy consumption. 
Since 2010, China has become the world's largest 
energy consumer. In 2014, total energy consumption 
in China reached 4.26 billion tons of standard coal, 
accounting for 22.09% of world energy 
consumption, which is 89.15% of energy 

consumption from fossil fuels. The average growth 
rate of the energy consumption reached 5.61% 
during the 2005-2014. Moreover, total CO2 
emissions from fuel combustion in China reached 
8337 million tons, accounting for 26.7% of world 
CO2 emissions (31220 million tons), which is also 
ranks first in the world [1]. The Chinese government 
has made great efforts to reduce CO2 emissions by 
vigorously develop renewable-energy and fulfill the 
responsibility for global climate-change mitigation, 
which will significantly reduce the fossil-fuel 
consumption. enewable-energy in 2014 
accounted for 22.9% in electricity production, which 
is 2.97% of electricity production from solar and 
wind energy resources. Chinese central government 
plan a phase-target on improving the proportion of 
renewable energy in electricity production, which 
will account for 30% of the whole electricity 
production by 2020. In the past five years, 40% new 
renewable energy in electricity production is from 
China. 

Wind power is growing worldwide as a major 
source of renewable energy. By the end of 2014, the 
Wind farm power capacity in China is 114609MW. 
Although wind power is renewable clean energy, in 
itself it does not emit pollutants and greenhouse 
gases, but the production of wind turbines to the 
final abolish and disposition, the need to consume a 
certain amount of energy and emissions of air 
pollutants. Therefore, in the analysis and evaluation 
of the environmental benefits of wind power, it is 
necessary from the perspective of the whole life 
cycle of wind power, considering all aspects of the 
energy consumption and gas emissions. 

Life cycle assessment (LCA) is a tool to 
evaluate environmental impact for wind farm
which is from consumption of raw materials to the 
end-of-life. LCA process is based on ISO 14040 and 
ISO 14044 standards. The LCA involves the impacts 

life cycle of a product which makes LCA, a time and 
resource-intensive study in order to collect data 
[2,3,4,5,6,7]. The System boundary analysis 
identifies material usage and environmental 
releases. Impact analysis accesses the human and 
ecological effects of energy, material and water 
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usage and finally interpretation evaluated all results 
of each analysis [8,9,10,11]. 

Wind power industry is an important electricity 
sector in the China context with many motives for 
constant improving its environmental benefits from 
a life cycle perspective. This study is intended to 
propose a scientific procedure to explain the results 
of LCA studies faced towards the identification of 
opportunities-improved for environmental benefit 
taking into system parameter uncertainties. The 
proposed approach is illustrated with a case study 
from wind farm namely the production of wind 
turbines from raw material extraction to abolish and 
disposition . 
 

 

MATERIALS AND METHODS 

 
System boundary. Life Cycle Assessment is a 

tool to review the resources used and potential 
environmental impacts by identifying and assessing 

material and energy consumptions, via production 
and use phases, to disposal and recycling. Figure 1 

boundary. Life Cycle Assessment usually includes 
three steps, Creation, Use and Abolish. Creation is 
further subdivided into Inception, Plan, 
Construction, Completed the check and accept. 
System boundary of LAC determines the unit 

processes to be included in the life cycle assessment 
study. Defining the system boundaries is partly 
based on a subjective choice and can be decided 
during the scope phase.   

 
System boundary definition of wind farms 

system. System boundary of the life cycle for a 
wind farm can be divided into four stages, 
including (a) production and transportation, (b) 
creation and construction, (c) operation and 
maintenance, and (d) end-of-life abolish and 
disposition [12,13]. LCAs consist of several periods 
for wind farms, as shown in Figure 2. The use of 
non-renewable energy has been shown at each stage. 
In this study, raw material, fossil fuel consumption 
and corresponding emissions were taken account of 
a life cycle process. The loss of carbon 
sequestration capacity was also considered due to 
the reduction of vegetation by land use change. 
Meanwhile, cost-effectiveness onto a wind farm is 
considered because the cost plays a very important 
role in operating a wind farm. Considering the 
reliability and availability of the data, the cost data 
of this wind farm was mainly extracted from a 
feasibility report on Cunzhu wind farm (49.5MW). 
Finally, electricity generation of wind farms is 
converted to environmental benefits, which 
coal-
emissions. System boundary definition of the wind 
farm system is as shown in Figure 1. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

FIGURE 1  
The periods separating of the whole life period Construction project of the ISO 
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Creation 
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FIGURE 2  

 
 
SOURCES OF DATA 

 
Study Area: Cunzhu wind farm. Cunzhu wind 

farm is developed by China Resources Wind Power 
(Beipiao) Co., Ltd. It is located at the southeast side 
of Beipiao County, Chaoyang City, Liaoning 
Province, P.R. China. It consists of 33 wind turbines 
with a total capacity of 49.5 MW and the output 
power of each wind turbine is 1,500kW. The project 
site is located about 7 km southeast side of the 
Yongquan Town, Beipiao County, Chaoyang City, 
Liaoning Province, P.R. China. The central 
geographical coordinates of the project are east 

Its altitude is between 700 m and 900 m. Its 
geographic location is shown in Figure 2. 

   
Land use change. The impacts on ecological 

environment were mainly caused by the change of 
land use during construction period, so the attention 
should be given for the land resources protection and 
recovery [14]. The land use of Cunzhu wind farm are 
13.71 ha, in which permanent and impermanent land 
use were 5.7 and 8.01ha respectively. Land use types 
are farmland, shrub land and grassland, however, the 
protected basic farmland is not occupied. The 
vegetation damage caused by the temporary land use 
of Cunzhu wind farm will be restored to its original 
appearance. 

On the other hand, the vegetation damage 
caused by the permanent land use will be 
compensated correspondingly. In other words, 
permanent vegetation damage will be recovered with 
equal area and quality at off-site locations. Land use 
types are shown as Table 1. 

FIGURE 3 
A geographic location map of Cunzhu wind farm 
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TABLE 1 
Land use types and areas of Cunzhu wind farm 

Component Land use types Unit Farmland 
Shrub 
land 

Grassland Total 

Thirty-three wind turbines and Box-type transformers 

Permanent  ha 0 0.28 0.63 0.91 

Impermanent  ha 0.8 0.75 1.07 2.62 

Total ha 0.8 1.03 1.7 3.53 

Pit roads 

Permanent  ha 0.49 0.22 1.64 2.35 

Impermanent  ha 0.98 0.45 3.27 4.7 

Total ha 1.47 0.67 4.91 7.05 

Collecting power lines 

Permanent  ha   0.39 0.39 

Impermanent  ha 0.13  0.56 0.69 

Total ha 0.13  0.95 1.08 

Booster station fixed  ha 0.82 0.16 1.07 2.05 

Sum 

Permanent  ha 1.31 0.66 3.73 5.7 
Impermanent  ha 1.91 1.2 4.9 8.01 

Sum ha 3.22 1.86 8.63 13.71 
 

 
Analysis of wind resources and electricity 

generation. The WAsP software was used in this 
study to estimate wind resource in Cunzhu wind farm 
area. WAsP is the industry-standard software package 
for siting of wind turbines and wind farms. The Wind 
Energy and Atmospheric Physics Department at Risø 
National Laboratory introduced WAsP in 1987  a 
powerful tool for wind data analysis, wind atlas 
generation, wind climate estimation, wind farm 
power production calculations and siting of wind 
turbines [15,16,17,18].  

A 70 m high anemometer tower located in the 
southeastern Cunzhu wind farm area was built to 
evaluate wind resources. Its geographical coordinates 

are an east longitude 120º52', north latitude 
42º02'31.48", height above sea level is 409 m. It has 
four wind speed cup-type sensors at 70, 10, 30 and 50 
m heights to measure wind speed, and two vane-type 
sensors at 10 and 70m heights to measure wind 
directions. The instrument was produced by 
Renewable NRG Systems. Wind data can be 
transferred by wireless transmission system every day, 
also can be read from a card in the 

Measurement was carried out at intervals of 10 
minutes from June 11, 2010 to June 8, 2011. 

 

TABLE 2  
C  

 
Component Name of material Consumption, ton 

Thirty-three wind turbines 

Steel 9405 
Copper 61.05 

Fiberglass 660 
Resin 39.6 

Silicon 5.94 
Cement 6811.2 

Thirty-three Box-type 
transformers and cables 

Steel 352.2 
Copper 95.4 

Aluminum 85.8 
Cement 62.7 

Booster station and cable 
towers 

Steel 8678.9 
Aluminum 72 

Copper 434 
Cement 6789.8 

Transportation 

Diesel 
Construction of road  

177.5 

Diesel 
Transportation  

150 

of  
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Material consumption of the period of 
construction. Wind farm includes wind turbines, 
electric transmission line, booster station and 
auxiliary facilities, and its boundary is from the 
power grid to the existing grid [12,13]. The Cunzhu 

Steel, Copper, Aluminum, Fiberglass, Resin, Silicon, 
Cement and Diesel are respectively 18436.1, 580.9, 
519.8,660, 39.6, 5.94 and 13663.7 and 327.5tons, 
respectively. 

 

 

RESULTS AND DISCUSSIONS  

 
Use of Energy. Table 3 shows the energy used 

at different stages in the life cycles of Cunzhu wind 
farm. The total energy consumption of Cunzhu wind 
farm was 41196 tons of standard coal. 35361 tons of 

standard coal was consumed in its construction 
period, which is 85.8% of all the Life Cycle 
Assessment for Cunzhu wind farm. 

 
Greenhouse gases. The major greenhouse gas 

produced during the life cycles was CO2. As shown in 
Table 4, a large amount of steel, copper, aluminum, 
fiberglass, resin, silicon, cement and diesel was 
consumed in the construction of wind farms, 
operation and maintenance, and abolish and 
disposition process. These materials emit large 
quantities of greenhouse gases in the production 
process, such as CO2, CH4, and N2O. Discharge 
coefficient of different raw materials 
[12,13,19,20,21,22,23,24,25] shown in Table 4, the 
total amount of CO2, CH4 and N2O emissions were 
165.251.5tons,0.454 tons and 0.00177 tons 
respectively. 

 
TABLE 3 

 Energy flows and GHG emissions associated with the production of materials 

 

Difference period Material Consumption 
(tons) 

Unit energy consumption 
 ( kgce/t) 

Energy 
consumption(kgce) 

construction period 

Steel 18436.1 1379. 8 25438131 
Copper 589 3656. 2 2153502 

Aluminum 519.8 527. 4 274143 
Fiberglass 660 5778 3813480 

Resin 39.6 1103 43679 
Silicon 5.94 5050 29997 
Cement 13663.7 228. 8 3126255 
Diesel 327.5 1471.4 481884 

Total  34241.6  35361070 
Operation and maintenance 

period 
Energy consumption is 15% of the construction period 5304161 

Abolish and disposition Energy consumption is 10% of operation and maintenance period 530416 
Sum  41195647 

Date sources: National Bureau of Statistics of China 2014, http://data.stats.gov.cn/tablequery.htm?code=AD0H. 

 
TABLE 4 

Greenhouse gas emission of materials of wind farm 
 

Difference 
period 

Materials 
Consumption 

 
(tons) 

CO2 CH4 N2O 

Emission 
coefficient, 

kg/t 

Emission, 
ton 

Emission 
coefficient,kg/t 

Emission, 
ton 

Emission 
coefficient,kg/t 

Emission, 
ton 

construction  

Steel 18436.1 6821 125752.64 18.58 342.54 0.064 1.18 
Copper 589 3670 2161.6 13.526 7.97 0.057 0.03 

Aluminum 519.8 20588 10701.6 66.709 34.68 0.289 0.15 
Fiberglass 660 2027 1337.8 3.562 2.35 0.017 0.01 

Resin 39.6 3639 144.1 44.547 1.76 0.061 0.00 
Silicon 5.94 20510 121.8 66.456 0.39 0.288 0.00 
Cement 13663.7 119.02 1626.3 0.03 0.41 0.01 0.14 
Diesel 327.5 2.73 0.89 0.0001 0.00 0.00002 0.00 

Total   141846.8  390.10  1.52 

Operation 
and 

maintenance  
   21277.02  58.52  0.23 

Abolish and 
disposition 

   2127.70  5.85  0.02 

Sum    165251.5  454.47  1.77 
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TABLE 5 
Calculation of carbon sequestration affected by vegetation changes 

Occupation 
land type 

Land types 
Area 
,ha 

Restoration 
times 

,a 

Unit carbon sequestration 
content, t·(ha-1·a-1) 

Carbon Sequestration 
capacity 

,t 

Equate to 
CO2,t 

Permanent 

Farmland 1.31 5 0.38 2.49 9.15 
Shrub land 0.66 10 2.48 16.37 60.17 
Grassland 3.73 10 0.731 27.27 100.24 

Total    46.12 169.56 

Impermanent 

Farmland 1.91 5 0.38 3.63 13.34 
Shru bland 1.2 10 2.48 29.76 109.40 
Grassland 4.9 10 0.731 35.82 131.68 

Total    69.21 254.42 
 Sum    115.33 423.98 

 
TABLE 6 

The electricity generation of thirty-three wind turbines 

Wind turbines 
number 

Location Electricity 
generation 

[MWh] 

Electricity generation for 
wake-removed 

[MWh] 

Wake 
coefficient 

% 
East 

longitude 
North 

latitude 

Site01 120.827 42.029 4199 4098 97.6 

Site02 120.831 42.029 4329 4225 97.6 

Site03 120.834 42.028 4130 4052 98.1 

Site04 120.836 42.030 4402 4219 95.8 

Site05 120.840 42.031 4526 4289 94.8 

Site06 120.852 42.038 4296 4085 95.1 

Site07 120.855 42.037 4873 4614 94.7 

Site08 120.858 42.040 47220 4504 94.5 

Site09 120.862 42.038 4753 4478 94.2 

Site10 120.865 42.039 4838 4517 93.4 

Site11 120.870 42.051 4593 4364 95.0 

Site12 120.873 42.051 5111 4951 96.9 

Site13 120.875 42.053 4906 4631 94.4 

Site14 120.879 42.054 5132 4888 95.2 

Site15 120.883 42.054 4757 4545 95.5 

Site16 120.908 42.058 4686 4406 94.0 

Site17 120.910 42.056 4432 4194 94.6 

Site18 120.913 42.058 4735 4393 92.8 

Site19 120.917 42.060 4542 4333 95.4 

Site20 120.922 42.061 4370 4192 95.9 

Site21 120.928 42.039 4599 4332 94.2 

Site22 120.928 42.042 4426 4185 94.6 

Site23 120.925 42.044 4361 4184 95.9 

Site24 120.920 42.043 4501 4334 96.3 

Site25 120.915 42.042 4332 4246 98.0 

Site26 120.909 42.041 4291 4227 98.5 

Site27 120.905 42.040 4308 4188 97.2 

Site28 120.902 42.040 4384 4318 98.5 

Site29 120.892 42.032 4689 4627 98.7 

Site30 120.888 42.034 52220 5215 99.0 

Site31 120.884 42.035 4841 4768 98.5 

Site32 120.886 42.031 5261 5203 98.9 

Site33 120.880 42.034 5476 5343 97.6 

SUM   153106 147135  
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Loss of carbon sequestration capacity. 
According to the wind farm feasibility report, 
Cunzhu wind farm covers an area of 13.71 ha, 
which permanent and impermanent occupation 
lands are 5.7 and 8.01 ha, respectively. Destroyed 
the vegetation in the process of building the wind 
farm, which will lead to the loss of carbon 
sequestration capacity, and this situation will 
continue 5-10 years. After completion of 
construction, impermanent land use of the wind 
farm will be restored their original appearance, and 
permanent land use of the wind farm will be 
compensated correspondingly. In other words, the 
same size and quality of the vegetation have been 
destroyed will be restored in another place. We 
calculated on loss of carbon sequestration capacity 
under ignoring the growth of the vegetation 
conditions for the vegetation restoration. Carbon 
sequestration capacity values are from the average 
level in Liaoning, China [26,27,28]. As shown in 
table 5, the carbon sequestration capacity of 
vegetation in Cunzhu wind farm was 115.33 tons, 
which could be converted into 423. 98tons CO2.  

 
Electricity generation. WAsP software was 

used to calculate electricity generation according to 
wind turbine's location, the manufacturer of wind 
turbine, wind data and air density. Nordex 
S82/1500 kW (The hub height of each wind turbine 
is 70 m and the diameter of each blade is 64 m) was 
used in Cunzhu wind farm and the full capacity 
operation hour of the wind farm is 2307 hours with 
a capacity coefficient of 0.263. The total generating 
capacity of the wind farm is 147135 MW·h and the 
average generating capacity of a single wind 
turbine is 4458 MW·h, in which the wake effect of 
net power was considered in the calculation. 
Electricity generation of all wind turbines and a 
single wind turbine is shown in Table 6. 

 
Energy payback time. Generating capacity of 

Cunzhu wind farm is 147135 MW·h which were 
calculated by WAsP software, and wind farm 
designed life is 20 years. According to the results, 
the total generating capacity is 2942.7 GW·h in 20 
years. Energy consumption is 41196 tons of 
standard coal in its whole life cycle, which is equal 
to about 102 GW·h. Therefore, the energy payback 
time is 0.69 year. As a result, electricity generation 
of zero air pollutants is 2840.7 GW·h. 
 
 
ENVIRONMENTAL  

   
Greenhouse Gas emission reductions. Wind 

power sector will not only generate renewable 
electricity to grid, but also contribute to sustainable 
development for all the world. Article XII 
established the "Kyoto Protocol", Clean 
Development Mechanism (CDM) is a flexible 

mechanism for reducing greenhousegas (GHG) 
emissions by a cooperation between developed and 
developing countries. In order to reduce greenhouse 
gas emissions, it allows investors of industrialized 
countries to implement emission reduction projects 
in developing countries, which will meet emission 
limits in the "Kyoto Protocol" as promised or minus 
row obligations of developing countries. CDM 
evaluation method was used to calculate CO2 
emission reductions. CO2 Emission reductions can 
be calculated to use 
of philosophy for grid-connected electricity 

methodological too
2 emissions 

from electricity generation in coal-fired power 
plants that are displaced due to the project activity, 
calculated as follows. 
BEy= EGpj y EFGrid,CM,,y                                                     (1) 

Where: 
BEy: Baseline emissions in year y (tCO2/yr); 
EGPJ, y: Quantity of net electricity generation 

that is produced and fed into the grid as a result of 
the implementation of the CDM project activity in 
year y (MWh/yr); 

EFgrid, CM, y: Combined Margin CO2 emission 
factor for NECPG in year y calculated using the 

2/ MWh) [29]. 
The following is the process of calculating the 

baseline CO2 emission of the grid. 
EGPJ, y= EGfacility, y                      (2) 

EGPJ, y: Quantity of net electricity generation 
that is produced and fed into the grid as a result of 
the implementation of the CDM project activity in 
year y (MWh/yr); 

EGfacility, y: 
calculate the emission factor for an electricity 

2 emission factor for the 
displacement of electricity generated by power 
plants in Northeast China Power Grid (NECPG), by 

(CM).  
The uses method (a): Weighted average CM to 

calculate the combined margin emission factor, as 
follows. 
EF grid, CM, y= EF grid, OM, y wOM +EFgrid, BM, y wBM               

(3) 
Where: 
EFgrid, CM, y      Baseline emission factor (tCO2e / 
MWh); 
EFgrid, CM, y      Operational Margin emission factor 
(tCO2/MWh); 
EFgrid, CM, y      Build margin CO2 emission factor in 
year y (t CO2/MWh); 
wOM           Weighting of operating margin 
emissions factor (%); 

wBM       Weighting of build margin emissions 
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factor (%). 
EFgrid, CM, y=1.1281 tCO2e/MWh; EFgrid, CM, y=0.5537 
tCO2e /MWh); where the weight of Operating 
Margin, wOM is 0.75 and Build Margin, wOM is 0.25 
by default. 
The combined baseline emission factor of the 
NECPG is 0.9845 tCO2e/MWh [30].  
BEy = 2897088 tCO2e. 
The Cunzhu wind farm will help reduce GHG 
emissions from coal-fired power plants in Northeast 
China Power Grid (NECPG). The electricity 
generated by Cunzhu wind farm will displace part 
of the electricity from the NECPG, and thus GHG 
(CO2) generated by coal-fired power plants could 
be reduced. The electricity generation is estimated 
to be 2942700 MW·h in 20 years. The estimated 
annual GHG emission reduction is 2897088t CO2. 

 
Acid Rain pr  emission reductions. 

The calculation of environment benefits is one of 
the important contents for wind power project. 
Coal-fired power plants create mainly air 
pollutants are SO2 and NOX. Wind farms are known 
to contribute to zero atmospheric contamination as 
no fuel combustion is involved during any stage of 
the operation. Wind farms replace coal 
consumption, which will reduce pollutant's 
emission. The electricity generation of wind farm 
will replace coal-fired power plant, which will 
reduce coal consumption. Emission reductions can 
be calculated based on coal consumption-reduced. 
Calculation method of emission reductions is not 
unified because of lack of official technical 
specifications for wind farm in China. It is difficult 
to judge and compare which calculation method is 
relatively accurate. In order to effectively 
standardize and quickly calculate the environmental 
benefits of wind farm, we propose a simplified 
calculation method of emission reductions for SO2 

and NOX, which was propose to effectively 
standardize and quickly calculate the environmental 
benefits of the wind-power project. Acid Rain 

 emission reductions were calculated as 
follows. 

 
SO2 emission reductions. SO2 emission 

reductions were calculated according to coal 
consumption used in electricity production 

rules for checking and accounting total emission 
reduction during twelfth five-year plan [31]. 
Calculation formula is as follows. 
ESO2= - SO2) 4                 (4) 

Where: 
ESO2    SO2 emission (t); 
M    Coal consumption (t); 
S    Average sulfur content by weight, 0.6%; 

   Convert ratio into air, 0.8%; 
SO2    Desulphurization efficiency, 90%. 

Relationship between coal consumption and 
power generation is: 

Mi=                     (5) 
Where: 

A coefficient of relationship between 
coal consumption and electricity generation, 
300g/kWh 

P    Electricity generation, MWh. 
The electricity generation is estimated to be 

2942700 MWh. The estimated annual SO2 emission 
reductions are: 
ESO2=847.5 tSO2 

 
NOX emission reduction. NOX emission 

reduction is calculated according to coal 
consumption used in electricity production 

rules for checking and accounting total emission 
reduction during twelfth five-year . 
Calculation formulas is as follows. 
ENOX f - NOX   (6) 

Where: 
ENOX   NOX emission (t); 
M    Coal consumption (t); 
Pf    Source intensity of NOX emission, 2.7kg 
(NOX) /t (coal); 

NOX    Denitration efficiency, 90%. 
ENOX =882.8 t NOX  

 
 
CONCLUSION 

 
From manufacturing wind turbines to final 

disposition, energy consumption of Cunzhu wind 
farm is 41196 tons of standard coal. The study had 
shown that CO2 emissions of wind turbines 
manufacturing are the biggest and most important 

same time, construction, operation and maintenance, 
abolish and disposition also can't be ignored. The 
CO2 emissions' final result is 165251.53 tons. In 
the paper, we comprehensively consider to 
vegetation deterioration due to impermanent and 
permanent land use of the wind farm. Loss of 
carbon sequestration capacity is 115. 33 tons, which 
equate to CO2 is 423. 98 tons. 

WAsP software was used to calculate 
electricity generation of the wind farm. Generating 
capacity of Cunzhu wind farm is 147135 
MW·h/year, and the life time of a wind farm are 20 
years. We can calculate that energy payback time is 
0.69 year. Air pollution, especially emission of 
greenhouse gases contributes to global warming. 
Wind project can reduce major greenhouse gases 
significantly. Wind farm provided considerable 
environmental benefits over the typical fossil-fuel 
energy system. Cunzhu wind farm will help reduce 
greenhouse gas (GHG) emissions resulted in from 
the high-growth, coal-dominated electricity 
production in Northeast China Power Grid 
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(NECPG). When it is operated, the electricity 
generated by electricity will displace part of the 
electricity from the NECPG, and thus GHG (CO2) 
generated by coal-fired power plants could be 
reduced. The electricity generation is estimated to 
be 2942700 MW·h in 20 years. Wind farms are 
known to produce zero air pollutants as no fuel 
combustion is involved in any stage of the 
operation. The estimated annual GHG emission 
reduction is 2897088t CO2. The estimated SO2 and 
NOX reductions by replacing thermal power are 
847.5 tons and 882.8 tons respectively. 

Environmental benefits of wind farm are 
superior to the traditional coal-fired power plants. 
Therefore, if considering the environmental cost 
and environmental benefits, large-scale 
development of the wind-power project will make a 
great contribution to carbon dioxide emissions. 
However, the results of LCAs are never certain due 

So the conclusion, as to whether wind power 
project is better environmentally than coal-fired 
power plants for use in power sector, may not be 
viewed in light of a single study but a series of 
studies like this one which use different sources of 
data. Our research results strongly support the 
development of wind power so that more 
environmental benefits can be gained. However, 
decentralized wind power developers should 
consider not only project locations close to the 
demand of electricity and wind resources, but also 
the convenient transportation for construction and 
recycling, while centralized wind power developers 
should focus on incorporating wind power into the 
grids in order to avoid wind power loss. 
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ABSTRACT 

 
This paper investigated soil respiration and the 

variations in its sensitivity to temperature (Q10) at 
different temporal scale. The mechanisms of the 
response to T variation and different levels of N 
treatment were also investigated. Results indicated 
that: (1) diurnal variation of Rs exhibited a 
unimodal curve trend, with maximum and 
minimum at around 14:00 and 2:00, respectively, 
and soil respired much faster during daytime than 
nighttime; There was a clear monthly variation of 
Rs, with the three years all showing as similar 
pattern of a unimodal curve. Yearly variation of Rs 
was insignificant. (2) There was a significant 
correlation between Rs and T (p<0.05), and an 
exponential model was selected for use in this study. 
(3) Q10s had obvious unimodal monthly variation 
and significant negative correlation with T (p<0.05). 
T was the main factor driving variation in Q10s. 
Differences in Q10y during these three years were 
not significant (p>0.05) and the maximum was in 
2012 (1.95). There were significant differences in 
the comparisons between Q10y and the mean value 
of Q10s for each year. (4) Rs at diurnal and monthly 
scales were repressed after short-term N deposition, 
and the inhibiting effects were greater as N 
treatment levels increased. The mean values of Rs 
for CK and LN treatments showed no significant 
differences (p>0.05) while that for HN treatment 
was notably lower than for the CK. Q10 values for 
the four N deposition levels were in the following 
order: CK (1.68)>LN (1.66)>MN (1.61) > HN 
(1.57). 

 
 

KEYWORDS 
mixed forest; soil respiration; N deposition; soil 

temperature; Q10 

 

INTRODUCTION 

 
In recent years, soil carbon (C) loss has been 

one of the most significant reasons for the 
aggravated trend of global warming [1]. Soil 
respiration is the primary path of soil C loss. 
Specifically, the annual amount of C released from 
terrestrial ecosystems throughout the world has 
reached 80.4Pg, amounting to the 1/20 of the global 
C reserve [2, 3]. The C reserve in forest soil 
represents 73% of the total reserve in global 
terrestrial soil, which is 1500 Pg [4], and hence 
forest soil respiration has a significant influence on 
global climate change [5]. 

Not only is soil respiration an integrated 
ecosystem process, but it is also the second largest 
C cycling process between terrestrial ecosystems 
and atmosphere [6]. Soil respiration, as a complex 
biochemical process, is affected by various abiotic 
factors (e.g. soil temperature, soil moisture, soil pH 
and organic matter; [7, 8]), and biotic factors (e.g. 
including soil microorganisms and plant roots; [9, 
10]). Soil temperature is the primary factor 
triggering variations in soil respiration by 
influencing almost every aspect of soil respiration 
processes including plant root activity, 
microorganism population quantities and activity, 
and various biochemical reactions; moreover, there 
are also significant correlations between the two. 
Therefore, soil respiration is highly sensitive to soil 
temperature variations [11 13], and temperature 
sensitivity of soil respiration (commonly referred to 
as Q10) has been widely analyzed in most research. 
Q10 is the entropy of respiratory rate variations 
caused by a temperature increase of 10 °C [14], and 
not only express the relationship between soil 
respiration and temperature but also reflect how soil 
respiration responds to climate change as well as 
temporal spatial variations [15]. Negative 
correlations between Q10 and soil temperature have 
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been show in many studies, with Q10 gradually 
decreasing as temperature increases [16]. It is also 
well known that Q10 is not constant and that there 
are prodigious temporal spatial variations [8, 17]. 
Specifically, different ecosystem types or even 
different vegetation types within one ecosystem 
have different Q10 values [18]. Q10 also differs 
according to temporal scale and can be classified 
into two types: Q10s the short-term Q10 representing 
diurnal temperature sensitivity of soil respiration, 
which is estimated by diurnal data sets; and Q10y is 
the long-term Q10 representing seasonal temperature 
sensitivity of soil respiration, which is obtained 
from the annual data sets. Some research has 
indicated that Q10y is greater than Q10s because Q10y 
is not just restricted by soil temperature but also 
responds to many other factors. In contrast, Q10s 
exhibits only temperature responses and is exempt 
from seasonally-confounding effects [19, 20]. 
Therefore, the information delivered by Q10 

variations at different temporal scale concerning 
responses of soil respiration to ambient factors is 
quite different. Thus, Q10 is commonly applied to 
understand temporal spatial variations of soil 
respiration in the same area, and is regarded as an 
early indicator of the reasons for global climate 
changes [21]. 

Human activities constantly interfere with 
forest ecosystems as an economy develops [22]. In 
particular, agriculture and industry development 
have greatly accelerated the formation and 
deposition of reactive forms of nitrogen (N). As one 
of the major factors influencing soil respiration in 
forest ecosystems, N deposition will increase in 
coming decades especially in East and South Asia 
[23]. In forest ecosystems, soil respiration responds 
to N deposition in three ways: accelerating, restrict 
or no change. In general, there is a close 
relationship between N deposition and the C: N 
ratio in soil which determines the decomposition of 
organic matter in soil. Hence, N deposition affects 
soil respiration by indirectly affecting organic 
matter decomposition via the C: N ratio [24]. Soil 
respiration does not merely come from organic 
matter decomposition, but other biological 
processes including root respiration and microbial 
respiration can also release carbon dioxide (CO2). 
Additionally, N deposition can affect these 
biological processes and further indirectly affect 
soil respiration [25, 26]. Some research has shown 
that soil respiration in forest ecosystems of different 
areas responds differently to N deposition due to 
differences in climate, vegetation type and soil 

properties [27, 28]. Thus, the mechanism by which 
N deposition affects soil respiration is complex; and 
in addition, N deposition influences soil respiration 
and Q10. Similar to soil respiration, N deposition 
shows three variable effects on Q10: increase, 
decrease and no change [29, 30]. However, the 
results derived from the influence of N deposition 
on Q10 might be greatly different from those 
stemming from influences on soil respiration. Zhu 
et al found that both low and high N treatments 
accelerated soil respiration after application of N 
fertilizer at various concentrations in wetlands in 
the Yellow River Delta, but, unlike low N t, high N 
treatment had no significant influence on Q10. This 
difference might be because the high N 
concentration killed many soil animals and 
inhibited growth of underground biota by saturating 
soil with N, although both low and high treatments 
would increase the soil microorganism population 
and facilitate their activity [31, 32]. In contrast, Tu 
et al. found that Q10 clearly decreased with high N 
treatment, and proposed that this due to alteration in 
the ability of temperature to control soil respiration 
[33]. Therefore, the mechanism by which Q10 
impacts on N deposition is complex, and 
differences in vegetation type and climate of 
different areas may introduce other uncertainties. 

Forest ecosystems in subtropical zones occupy 
an important place in global forest ecosystems, and 
represent 2.5 million km2 in China alone, where 
mixed forest is just one type of subtropical 
vegetation structure [34]. So it is necessary to 
investigate the variations in soil respiratory features. 

economic development and growth in the west and 
simultaneously subjects the subtropical forest 
ecosystem in southwestern China to human 
interference, and especially severe impacts on forest 
soil respiratory processes. All these have brought 
great uncertainties to research on soil C 
sequestration in such areas. Therefore, there has 
been an increasing trend in the amount of research 
on soil respiration in this area over recent years [35, 
36]. However, research or reports concerning 
impacts of N deposition on soil respiration in this 
area are uncommon, and little research has focused 
on mixed forest in other subtropical zone as most 
examined broad-leaved and bamboo forests [33]. 
Hence, in order to understand features of soil 
respiratory variations and how soil respiration 
responds in the short-term to N at different 
concentrations in mixed forest in this study area, we 
conducted the following studies: (1) discerning the  
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TABLE 1 
The basic information of typical stands. TH: Mean tree height;  

DBH: Mean tree diameter at breast height 

Sample 

Plot 

Site factors 

 

Forest stands 

Altitude 

(m) 

Slope aspect 

(°) 

Origin Age classe Canopy 

 

DBH 

(cm) 

TH 

(m) 

Density 

(/ha2) 

Plot1 868.4 

870.7 

18  natural VI 0.80 11.2 12.6 2043 

Plot2 16  natural VI 0.90 10.2 11.7 2367 

 

TABLE 2 
The physicochemical properties of typical stands. MWHC: maximum water holding capacity, ASWC: 

average soil water content. 

Sample 

Plot 

Physical properties  Chemical properties 

Soil bulk 

density 

(g·cm 3) 

Total soil 

porosity 

(%) 

MWHC 

(%) 

ASWC (%) Available N 

(mg·kg 1) 

Total N 

(g·kg 1) 

Organic 

matter 

(g·kg 1) 

P

H 

Plot1 1.00 0.62 0.56 0.41  85.7 2.38 45.4 4.1 

Plot2 1.03 0.61 0.59 0.40 112. 2.42 47.6 3.9 

 

pattern of diurnal, monthly and yearly variation in 
soil respiration, and further analyzing the 
relationship between soil respiration and soil 
temperature; (2) clarifying the variations of Q10 

value at different temporal scales and identifying 
any obvious differences; and (3) investigating the 
responses of soil respiration and Q10 to N deposition 
of different concentrations, and explaining the 
mechanism by which N deposition at different 
concentrations affected the relationship between the 
two. 
 
 
MATERIAL AND METHODS 

 
Study Site. The study area is located in the 

Jinyun Mountain National Natural Reserve 

Chongqing, China, and has a humid subtropical 
monsoon climate. Annual mean temperature is 
13.6 °C and average precipitation is 1611.8 mm. 
Precipitation in the dry and cold season 
(October March) is 368.0 mm, and in the wet and 
hot season (April September) is 1243.8 mm, 
accounting for 32.8 and 67.2% of the total, 
respectively. The summer drought period is during 
July August when evaporation can reach 255.4 mm 
and accounts for 32.8% of the annual mean 
evaporation of 777.1 mm. In addition, in this area 
the mean number of foggy days is 89.8 annually, 
and the average sunshine time is <1293 h y 1 and 

mean global radiation is 0.086 kWm 2. Jinyun Shan 
National Natural Reserve is the best-preserved area 
of the subtropical forest ecological system in 
southwest China, with 96.6% of forest coverage 
rate, and the mixed stand is the main vegetation 
types, accounting for 77%. The principal tree 
species are Pinus massoniana, Cunninghamia 
lanceolata, Gordonia acuminata, Adinandra 
bockiana and Neolitsea velutina. 

 
Sample Plot Selection. This research selected 

two typical sample sites, each of 30 m × 20 m. The 
sample sites were natural secondary forest with no 
obvious differences in site conditions and stand 
structure (Table 1). The terrain of the sample sites 
sloped gently with deep soil and the main soils were 
acid yellow soil and sandy soil (Table 2). 

 
Soil Respiration Measurement. Soil 

respiration was investigated in three randomly 
chosen 1 m × 1 m observation points in the sample 
sites, and the distance between observation points 
was >3 m. To avoid destroying the soil structure, 
PVC tubes (diameter 200 mm and length 150 mm) 
were vertically inserted in each observation point 
and protruded about 20 mm above the ground. Soil 
respiration rates were measured using a LI-8100 
(LI-COR, Lincoln, NE, USA) soil C flux system in 
2011 2013 during the growing seasons of 
April September. The tests were conducted during 
6:00 18:00, once every 2 h, during two sunny days 
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selected from each half of the month. The tests were 
repeated in every observation point and alternated 
between two sample sites. In addition, to record 
daily variation of soil respiration, soil respiration 
rates were tested continuously for 24 h once every 2 
h on April 25, July 8 and September 10 in 2013. 
The tests were conducted from 6:00 to 6:00 the next 
day and alternated between two sample sites. 

 
N Deposition Treatment. The N deposition 

experimental simulation was designed based on 
research in other areas [25]. The observation points 
in the sample area were chosen in March 2013, with 
nine more observation points (1 m × 1 m) arranged 
for N deposition tests, and the distance between 
points of >3 m. Tests were conducted for four 
different concentrations of N applied, and 
observation points set as CK (contrast, 0 kgN ha 1 
y 1), for observing soil respiration. For other 
observation points, N was applied at 50, 100 and 
150 kgN ha 1 y 1 as low (LN), medium (MN) and 
high levels (HN), respectively. In order to eliminate 
the effects of accidental factors and between 
observation points, all observation points were 
randomly chosen. Observation points with lower N 
level were set to be higher than points with higher 
N level to avoid any flow of N from observation 
points with higher concentrations of N to those with 
lower concentration, and each process repeated 
three times. Tests were conducted during the 
growing season of April September in 2013. At the 
beginning of each month 1 L of NH4NO3 solutions 
of different concentrations were sprayed onto the 
corresponding observation points and the same 
amount of water was sprayed onto CK observation 
points. The soil respiration rates were tested 2 d 
after N was applied to ensure that N solution had 
completely seeped into the soil. 

 
Soil Temperature Observation. Despite the 

deep soil in the study area, the soil is mostly sandy 
and the surface soil containing substrate for 
respiration is thin. According to previous research 
conducted in this and other areas [35], the 
temperature of the soil at 5 cm deep has the 
strongest relationship with soil respiration. 
Therefore T (temperature of soil 5 cm deep) was 
recorded by soil temperature sensor (LI-8100-202) 
at the same time as soil respiration. 

 
Data Analysis. Data of soil respiration was 

filtered, and data beyond the range of 0

m 2s 1 were removed. To avoid any error caused by 
observing time synchronization, the daily variation 
of soil respiration was illustrated by the average 
value of soil respiration obtained at all observation 
points in two study areas once every 2 h. The 
relationship between soil respiration rate (Rs) and 
T5 is illustrated by the daily average value, which 
can adequately reflect the relationship between soil 
respiration and soil temperature, and with an error 
<1. The most applicable model should be selected 
to describe the relationship between Rs and T5. The 
models commonly used to describe the relationship 
between soil respiration and soil temperature 
include linear (1), exponential (2), logistic (3) and 
quadratic (4) models [37] as respectively follow: 

s TR       (1) 
Ts eR       (2) 

s / 1 exp TR   (3) 
2s T TR      (4) 

In above four models, Rs is in 2 s 1, T is 
soil temperature (°C) and , and  are regression 
coefficients. This paper employed the root mean 
square error (RSME) and coefficient of 
determination (R2) to select the model best 
describing the relationship between soil respiration 
and temperature. One-way analysis of variance 
(ANOVA) and multiple comparison methods 
indicate that the less the value of RSME and the 
nearer the value of R2 is to 1, the more suitable is 
the model. Q10 was used to represent soil respiration 
temperature and was estimated using the following 
equation: 

10
10 eQ (5). In this paper, the values 

of Q10 (including Q10s and Q10y) were calculated 
based on test data, and Q10s and Q10y were 
calculated by daily and monthly average data, 
respectively. SPSS.20 software was employed for 
data analysis (SPSS Inc., 1989 2011) and normal 
distribution and homogeneity tests were conducted 
before data analysis. One-way ANOVA was used to 
analyze the difference between inner-monthly and 
inter-annual variation as well as the soil respiration 
rates under different N conditions. Correlation 
analysis was used to evaluate the relationship 
between soil temperature and soil respiration, and a 
monadic linear model was used to analyze the 
relationship between Q10 and soil temperature. In 
addition, paired sample t-tests were used to analyze 
the inter-annual difference of Q10s and Q10y. All 
analyses used p<0.05 as the level of significance. 
Origin 8.0 (OriginLab Inc., Northampton, MA, 
USA) was used for figures. 
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FIGURE 1 

Diurnal variations of soil respiration in 2013, during (a) April 25 26, (b) July 8 9 and (c)  
September 10 11. Vertical bars represent the standard errors of the mean. 

 

FIGURE 2 
Monthly (column) and inter-annual (closed circle and solid line) variations of soil respiration during the 

2011 2013 growing seasons (April September). 
 

RESULTS 

Dynamic Variations of Soil Respiration. In 
order to investigate diurnal variations of soil 
respiration in mixed forest, we conducted 24 h of 
continuous observations on Rs before (April 25), 
during (July 8) and after (September 10) the 
growing season in 2013. There was an obvious 
diurnal variation of Rs for CK in these three months, 
all with a unimodal curve showing a maximum in 
diurnal soil respiration around 14:00 and a 
minimum around 2:00 (Figure 1). After calculating  
the mean value of diurnal variations, we found that 
Rs mean value was proximal to the observed value 
at 20:00 every day, making it reasonable to use 
observed values at 20:00 to represent the mean 
value of diurnal variation. In addition, Rs had the 
greatest diurnal variation on July 8 with mean value 
of 3.04±0.54 2 s 1 (Figure 1). Similarly, Rs 
on July 8 had the greatest value compared with that 
at the same time on the other two days, indicating 
that soil respiration was most active during the 
growing season. 

There was an obvious and similar 

inter-monthly pattern variation for Rs in mixed 
forest that manifest itself as a unimodal varying 
trend over the three years (Figure 2). Specifically, 
Rs gradually increased from April and peaked in 
June July and then decreased (Figure 2). 
Additionally, there was an asymmetry in Rs 
variation in that it decreased more dramatically than 
it increased. In particular, Rs show no notable rate 
of increase before reaching its peak, but plummeted 
dramatically after the peak in 2013. The annual 
mean values of Rs for 2011 2013 were 2.34±0.11, 
2.91±0.14 and 2.74±0.13 2 s 1, respectively. 
Rs values in 2012 and 2013 were slightly but not 
significantly greater than that in 2011. Therefore, 
there were only small differences in annual 
variations of Rs (Figure 2). 

 
Relationship between Rs and Soil 

Temperature at 5cm Depth. Table 3 shows the 
results of fitting of four common models (e.g. linear, 
exponential, logistic and quadratic). The daily mean 
value of Rs increased as T increased during the 
observation period and there was a significant 
correlation (p<0.05) between the two. Comparing 
and filtering the Adj.R2 value and RMSE showed  
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FIGURE 3 

The relationship of daily soil respiration with soil 
temperature at 5 cm depth described by 

different models. 

 

FIGURE 4 
Residuals (measured soil respiration value  

fitted soil respiration value) plotted against soil 
temperature at 5 cm depth. 

TABLE 3 
The relational model of soil respiration with air temperature and with soil temperature. Soil temperature 

was measured at 5 cm depth. Adj. R2: adjusted coefficient of determination; RMSE: root mean square 
error, values in bold indicate best-fits according to Adj. R2 ,  

Name Model Adj.R2 RMSE    

Linear  0.52 0.423 0.191 1.30  

Exponential     0.56 0.412 0.604 0.071  

Logistic Rs -T))) 0.51 0.429 3.282 0.651 0.04 

Quadratic Rs T T2  0.54 0.422 4.867 0.651 0.013 

that the exponential model had the maximum 
Adj.R2 but the minimum RMSE, making it the most 
suitable for our study (Figure 3), because it best 
fitted the relationship between Rs and T (Table 3). 

Additionally, results deriving from residual 
analysis (Figure 4) fluctuated around ±1, indicating 
that the exponential model accurately estimated 
observed values of Rs (Table 4). All these testified 

study, and the relationship between Rs and T 
(Figure 5) further demonstrated this. During the 
observation period (April September), Rs increased 
with increasing T and there was significant 
correlation (p<0.05) between the daily mean values 
of the two. In addition, monthly variation of 
exponential curve gained from fitting analysis is 
quite obvious, but there were no significant 
differences in this trend for the same observation 
periods in different years (Figure 5). 

 
Soil temperature sensitivity (Q10). Q10 value, 

reflecting the sensitivity of Rs to T, showed monthly 
variations in the fitted curve between Rs and T 
(Figure 5). We used formula (5) to calculate Q10 
values for different temporal scales. Q10s and Q10y 
were used to represent the sensitivity of Rs to T for 
monthly and yearly temporal scales, respectively. 
The significant monthly variations of Q10s with 
varying trends in three years were all consistent in  

FIGURE 5 
The relationship between soil respiration (Rs) 
and soil temperature (T) at 5 cm depth in each 

year of 2011 2013. 
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FIGURE 6 
Monthly (column) variations of soil respiration 

and soil temperature (circle) during the 
2011 2013 growing seasons (April September). 

 

FIGURE 7 
The relationships between Q10 and soil 

temperature at 5 cm depth in each year of 
2011 2013. Different colors represent the 

relationships between Q10 and soil temperature 
of different years. 

 
Furthermore, R2 (0.69) of 2011, showing the 

goodness of fit between Q10s and T, was slightly 
higher than for the other two years but not 
significantly different (p>0.05), and R2 for the three 
years were all >0.50. Therefore, T was an important 
factor affecting Q10s variation in this study (Figure 
7). 
 

 

FIGURE 8 
Inter-annual variations of Q10 values (black 

closed circle), Rs (open circle) and soil 
temperature (gray closed circle) during the 

2011 2013 growing seasons. Error bars 
represent standard errors of the means. 
 

Similar to soil respiration, inter-annual Q10y 
also showed variation. The maximum of Q10y in 
2012 was 1.95 not significantly different from 1.85 
and 1.82 in 2011 and 2012, respectively (Figure 8). 
The annual mean values of T with 20.16±1.08, 
20.05±1.02 and 0.03±1.01°Cfor2011 2013, 
respectively, slightly decreased each year (Figure 8). 
Meanwhile, Q10y did not increase as T decreased 
(Figure 8). 

We found significant differences (p<0.05) in 
the comparisons between Q10s and Q10y during the 
observed period by comparing Q10y with the mean 
value of Q10s. However, there were no significant 
differences among Q10s or Q10y in the different years. 
The maximum for Q10s was in 2013 with 1.68 and 
for Q10y in 2012 (Table 4). 

 
TABLE 4 

Comparisons for the means of Q10s and Q10y in 
each year. Means with the same letter (a, b or ab) 

of a row are not significantly different (p<0.05) 
 

Q10 2011 2012 2013 

Q10s 1.61

0.13a 

1.65

0.12a 

1.68 0.18a 

Q10y 1.85b 1.95bc 1.82b 

 
 
Influences of N Deposition on Soil 

Respiration and Q10. After short-term N 
deposition (April September 2013), N treatment of 
various concentrations had different levels of 
inhibitory effects on Rs. At a different temporal 
scale, Rs under N treatment of different 
concentrations during April 25 26 had slight 
inhibitory effects on Rs (Figure 1A). After applying 
N fertilizer for four months, we found that all N 
treatments had inhibitory effects on Rs after 
observing the diurnal variation of Rs with N 
treatments. Moreover, these inhibitory effects 
increased as N concentration rose, with the greatest 
effect on Rs for HN (Figure 1B). After applying N 
fertilizer for six months, these inhibitory effects of 
N treatment increased compared to four months. N 
treatments, regardless of concentration, all had 
significant inhibitory effects on Rs (p<0.05) (Figure 
1C). In addition, N treatments of different 
concentrations had different levels of inhibitory 
effects compared with controls. The patterns of Rs 
under N treatment of four different concentrations 
showed no differences and all exhibited a unimodal 
pattern (Figure 1). We found that Rs under N 
treatment of different concentrations showed 
significant inter-monthly variations, all of unimodal 
pattern (Figure 9A). At the initial stage of applying 
N fertilizer (April May), LN had slightly increased  
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FIGURE 9 

The average value of soil respiration with different N deposition treatment levels.  
(a) Monthly value, (b) yearly value. 

FIGURE 10 
Q10 response to different N deposition 

treatments. 
Rs while MN and HN inhibited Rs, with 
significantly greater inhibitory effects for HN 
compared to LN and MN. After applying N 
fertilizer for three months, all N treatments resulted 
in inhibitory effects on Rs, with the greatest 
inhibitory effect for HN (Figure 9A). We contrasted 
the annual mean value of Rs under the four N 
treatments and found no differences in Rs between 
the LN and the CK treatments and non-significant 
differences between MN and LN and CK treatments; 
while HN had significant effects on annual mean 
value of Rs, which was much lower than for the CK 
treatment (p<0.05) (Figure 9B). 

Formulae (2) and (5) showed that when T was 
constant, temperature coefficient  would 
correspondingly vary as Rs varied, which would 
also trigger Q10 to vary. The different responses of 
Q10 to N treatment in this study were because the N 
treatments with different concentrations had 
different levels of inhibitory effects on Rs. Q10 
values under CK and LN treatments were 1.68 and 
1.66, respectively, and not significantly different; 
while that under MN and HN treatments were lower 
compared with CK, with values of 1.61 and 1.57, 
respectively (Figure 10).  

DISCUSSION 

Dynamic Variation of Soil Respiration. Soil 
temperature is generally regarded as one of the 
main factors affecting soil respiration. According to 
previous research, CO2 flux increases with the 
increment of soil temperature during one day, and 
reaches a maximum at noon or in the afternoon 
when the soil temperature continues to rise; then 
soil respiration decreases when soil temperature 
gradually declines [10]. In the present study, Rs was 
at its maximum at 2:00 every day and then fell with 
the reduction in temperature (Figure 1). This is 
because soil temperature is the most sensitive 
variable affected by diurnal change, and the 
variation of soil respiration can be explained by the 
variation in soil temperature within one day [38, 39]. 
In addition, almost all relevant research indicates 
that apart from diurnal variation, the soil 
temperature is the main factor controlling soil 
respiration and can explain most of the monthly 
variation [40, 41]. Similar to diurnal variation, in 
this study the monthly variation of Rs was caused 
by variation in temperature and Rs reached its peak 
during summer (June July) (Table 2). This may be 
because more CO2 is released by the substrate due 
to increasing microbial activity and plant 
metabolism during summer [3]. Of the monthly 
variation of Rs, 55% can be explained by T and the 
peak value of Rs monthly variation occurred before 
the maximum value of T (Figure 5). This is because 
in addition to soil temperature, soil respiration is 
also affected by other factors such as soil humidity, 
photosynthesis and N deposition, and all these 
factors jointly determine the change of soil 
respiration ([42]). Thus soil temperature can only 
explain part of the variation in soil respiration. In 
addition, according to previous research, dry and 
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sunny weather during July August in this study 
area would lead to a sharp decline in soil moisture, 
which may limit Rs such that the maximum in Rs 
did not occur when T reached its maximum in 
August (Table 2). Some research has shown that 
CO2 flux is restrained when soil humidity reaches 
its lowest or highest level. Zhou et al. found that 
soil humidity, not soil temperature, mattered most 
in restricting soil respiration in the Gurbantunggut 
Desert under conditions of low soil humidity. A 
similar situation can be found in extremely dry 
areas in Antarctic dry valleys, where low soil 
humidity limits the physiological processes of plant 
roots or microorganisms, and thereby limits soil 
respiration [6, 11]. In addition to soil temperature 
and soil humidity, solar radiation is another factor 
affecting soil respiration via photosynthesis, and 
soil respiration differs for different types of 
vegetation [43, 44]. 

Annual variation of soil respiration is 
ubiquitous in many different ecological types [45, 
46]. In this study, the average annual value of Rs 
differed dynamically, but did not vary along with 
the averagely annual value of T (Figure 8). This is 
because the annual variation of Rs is not only 
related to soil temperature but also to the interaction 
of multiple climate factors [47], and some factors 
become major ones over time as their impacts 
gradually increase, for example annual variability 
of soil nutrient availability [48]. This paper focuses 
on the relationship between soil respiration and soil 
temperature, and future research will concentrate on 
effects on soil respiration from the interaction of 
other factors and on soil respiration at longer 
time-scales. 

 
Temperature Sensitivity of Soil Respiration 

(Q10). In this study, there was a significant positive 
correlation between Rs and T, which was validated 
by other research. This also shows that soil 
temperature is a determinant of soil respiration. Soil 
respiration is extremely sensitive to variation in soil 
temperature and much research has used Q10 to 
evaluate the sensitivity of soil respiration to soil 
temperature [49, 50]. Q10 index is also used in the 
present study and the values of Q10 at different 
time-scales were estimated. Values of Q10 were 
estimated based on daily and monthly data: Q10s and 
Q10y, respectively. The ranges of variation of Q10s 
(1.10 2.22, 1.13 2.33 and 1.37 2.58 in 2011 2013, 
respectively) and values of Q10y (correspondingly 
1.85, 1.95 and 1.82) are within the averagely global 
range of 1.3 3.3 [51] but significantly differ for 

those from research conducted in other areas. Zeng 
et al. found that for thorn shrubbery in the Tai-hang 
Mountains, the range of Q10s was 0.90 1.78 and 
value of Q10y was 1.35 [44]. Chen et al. found the 
range of Q10s was 1.16 20.64 in the Qinghai-Tibet 
Plateau. Chen et al. found the range of Q10s was 
3.4 5.6 and the value of Q10y 3.9 for temperate 
mixed forest [52]. Thus, values of Q10s and Q10y 
differ in different areas, due to climate conditions, 
soil properties and vegetation types [18]. For 
example, the value of Q10 is high due to large soil 
temperature differences; Janssens & Pilegaard 
found that soil organic C cycle was sensitive to 
changes in soil temperature, and therefore the value 
of Q10 in the Qinghai-Tibet Plateau was greater than 
that in other areas [53]. In this study, the monthly 
value of Q10s varied substantially, specifically, it 
was lowest in August and reached a maximum in 
September, and decreased along with the decrement 
in soil temperature (Figures 6 and 7), and similar 
results can be found in other reports [52, 53]. This 
may have occurred because high soil temperatures 
in August limited the activity of plant roots and of 
microorganisms, and then the sensitivities of plant 
root activity and the activity of microorganisms 
decreased, and so the value of Q10 was reduced. 
However, the value of Q10 was greatest in 
September even though soil temperature was not at 
its highest in this month (Figure 6). This is because 
the process of soil respiration is more sensitive to 
soil temperature and other collaborative variables 
[54]. In addition, some research has indicated that it 
is very difficult to determine the factors affecting 
annual values of Q10 and to evaluate the rate of 
contribution of these different factors [55]. The 
value of Q10y did not vary with the annual value of T 
and the differences in Q10y were not significant 
during the three years (Figure 8). This is because 
soil temperature was no longer the main factor and 
Q10 was no longer only sensitive to soil temperature 
but to a series of climate, biological and other 
factors that cannot be explained at present [10, 56]. 
In addition, the average value of Q10s was less than 
that of Q10y during the three years (Table 4), because 
the short-term influence of plant physiology and 
climate change was not significant [57]. Some other 
research has indicated that high photosynthesis 
intensity and microorganism activity would 
enhance CO2 emissions and therefore the value of 
Q10y should increase. Q10s can better reflect the 
sensitivity of soil respiration to soil temperature 
because the data rules out the seasonal influence of 
factors [19, 58]. Therefore, Q10 values at different 
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temporal scales could help researchers estimate 
ecosystem C fluxes and forecast future climate 
change [19]. 

 
Temperature Sensitivity of Soil Respiration. 

N deposition repressed soil respiration and this 
effect would become more obvious as N 
concentration increased, which is similar to the 
result of Micks and other research on temperate 
forests [23]. This inhibitory effect could be for the 
following reasons. First, there was a positive 
correlation between fine-root biomass and soil 
respiration. N deposition might repress soil 
respiration by reducing fine-root biomass [59]. 
Second, N deposition could affect the soil 
microorganism population numbers and activity, 
which thus could affect respiration of soil 
microorganisms. Some research has shown that N 
deposition increases the content of ammonium and 
nitrate N in soil, which wou
to absorb nutrients, repress microorganism activity 
and reduce their population numbers, and so result 
in lower decomposition rate of soil organisms and 
litter [60, 61]. In addition, N deposition affects the 
C/N ratio, and a low C/N ratio can repress litter 
respiration and thus inhibit soil respiration [62]. 
Third, N deposition acidified soil and lowered soil 
pH, which might repress plant root growth and 
further inhibit soil respiration rate [63]. This study 
adopted an adscititious N application method to 
simulate the impacts of N deposition upon mixed 
forest and found that N fertilizer with different 
concentrations generally had inhibitory effects on 
Rs. However, LN accelerated Rs at the beginning of 
the experiment (April May), but later had an 
inhibitory effect (Figure 9A). This phenomenon 
might be attributed to the stimulating effects of 
small amounts of N fertilizer on plant root systems 
that would increase root respiration, which is one 
major component of soil respiration. Hence, the 
increase of root respiration would increase total soil 
respiration [64]. N content in soil became saturated 
as N application increased. It is generally 
recognized that when soil reaches nitrification 
status that this leads to nutrient imbalance in plants; 
the increased N loss and soil acidification injures 
plant root systems, reduces root activity and even 
has negative effects on soil microorganisms and 
animals. These in turn would repress soil respiration 
[65]. We also found an increasing trend in Q10 

following adscititious N treatment. Specifically, Q10 
decreased as the N deposition concentration 
increased (in the order CK>LN>MN>HN), 

indicating that sensitivity of soil respiration to 
temperature was reduced by increased N deposition. 
This might be related to the fact that N deposition 
reduced the Q10 value by repressing the activity and 
reducing the population quantity of plant roots and 
soil microorganisms [66]. There were large 
uncertainties in the impacts of N deposition of 
different concentrations on forest soil respiration 
rate and Q10, which would be differently affected by 
many factors that include different areas and forest 
types, different N concentrations and time length of 
N deposition [33]. This study only stimulated 
short-term N deposition with three different N 
concentrations and investigated the effects on soil 
respiration and Q10 in subtropical mixed forest. In 
future, the emphasis should be on long-term effects 
of N deposition and the influencing mechanism, 
which could provide the foundation for 
investigating C flux cycling and its influencing 
factors in regional ecosystems. 

 
 

CONCLUSIONS 

Throughout this study, variations in the 
temporal scale of soil respiration and its sensitivity 
to soil temperature (Q10) were dominated by soil 
temperature in a subtropical forest stand in China. 
Both diurnal and monthly variations of soil 
respiration exhibited unimodal curve patterns and 
were significantly correlated with soil temperature, 
while there were minor differences in inter-annual 
variations of Rs. Additionally, the Q10value, 
reflecting sensitivity of soil respiration to soil 
temperature, had apparent inter-monthly variations 
and there was a significant negative correlation 
between it and soil temperature. Therefore, soil 
temperature was also an influencing factor on 
dynamic variations of Q10. There were significant 
differences among Q10 values when calculated 
based on different temporal scales. Long-term Q10 
values were higher than short-term values. 
Short-term simulated N deposition showed that the 
extent to which soil respiration rate and Q10value at 
diurnal and monthly scales were repressed would 
increase as the levels of N deposition rose. However, 
there were no significant differences in the annual 
mean values between LN and control treatments. 
Annual mean values of Rs for the other two 
treatments (MN and HN) were notably less than 
control values. 
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ABSTRACT 

In this paper, novel integrated desulfurization 
(NID) technology applied for sintering flue gas SO2 
removal was studied. In order to increase the 
desulfurization efficiency and sorbent utilization, 
experiments in a laboratory-scale novel integrated 
desulfurization (NID) system was conducted to 
investigate the effects of approach to saturation 
temperature, CaO/S and H2O/CaO on SO2 removal 
efficiency. The laboratory-scale experimental 
results indicated that SO2 removal efficiency can be 
considerably enhanced by decreasing the approach 
to saturation temperature. Meanwhile, larger CaO/S 
was greatly increased the SO2 removal efficiency 
but a further increase can not effectively affect SO2 
removal efficiency, while much lower and higher 
H2O/CaO adversely influenced the SO2 removal 
efficiency.  
 
 
KEYWORDS:  
Novel integrated desulfurization; Sintering flue gas; 
Operating parameters 

 
 

INTRODUCTION 

SO2 is main causes of acid rain, photochemical 
smog, and respiratory organ disease, which comes 
from many industries such as coal-burning power 
plants, iron and steel plants, waste incinerators, etc. 
[1-3]. It was reported that SO2 emission from the 
sintering process annually emitted about 1.5 million 
tons in China, which occupied 70% SO2 produced 
from iron and steel industry [4]. With the 
implementation of new acts or regulations, SO2 
emission from the sintering process becomes an 
important environmental issue. 

that SO2 emission from the sintering process of iron 

ore must be below 200 mg/Nm3 since 2013 [5]. To 
meet availability requirements and stringent 
standards of SO2 removal, researchers make every 
effort to develop flue gas desulfurization 
technology with less/no waste, low cost and high 
efficiency [4, 6-8]. 

The semidry flue gas desulfurization processes 
are effective in reducing SO2 emission from 
medium- and small-scale flue gas desulfurization 
with the advantages of small space requirement, 
low water consumption, low investment and 
operation costs [9-10]. In a semidry flue gas 
desulfurization process, heat transfer, mass transfer 
and the chemical reactions occur in a reactor 
simultaneously, generally including [11-12]: 

(1) Mass transfer of SO2 from the gas stream to 
the droplet surface. 

(2) Absorption of SO2 at the droplet surface, 
dissolution of SO2 in the droplet and dissociation: 

 

2 2
g aqSO SO                        (1) 

2 22 3
aq l lSO O SOH H               (2)  

2

2 3 3 3 2lSO HSO SOH H H         (3) 

(3) Chemical reaction between dissolved SO2 

and the dissolved SO2 reagent: 

(a) Dissolution of lime sorbent in the slurry 

droplet: 

2 2
( )s l sCa OHCaO OH

           (4) 

2

2 2
( ) ( ) 2s aqCa OH Ca OH Ca OH    (5) 

(b) Precipitation of calcium sulfite: 

2 2

2 23 3

1 1

2 2
l sSO Ca O CaSO OH H

  (6)  
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TABLE 1 
Chemical and physical characteristics of sorbent 

 

 Na2O MgO Al2O3 SiO2 P2O5 SO3 K2O CaO MnO Fe2O3 CuO ZnO SBET/(m3/g) 

Lime 3.58 0.59 0.74 1.09 1.14 0.37 0.17 87.01 0.21 0.63 1.15 3.33 22.16 

 

(4) Evaporation of the water in the droplet. 
Generally, the overall chemical reaction, which 
occurs with a hydrated sorbent, can be expressed in 
a simple form as: 

2 22 32

1 1

2 2
( )Ca OHSO CaSO O OH H

  (7) 

Moreover, the produced CaSO3 1/2H2O further 

reacts with oxygen in the humidified flue gas to 

form CaSO4 2H2O as shown by the following 

reaction: 

2 2 23 2 4

1 1 3

2 2 2 2CaSO O O O CaSO OH H H
 (8) 

Novel Integrated Desulfurization (NID) 
technology is one of an effectively semi-dry flue 
gas desulfurization, which was widely used in 
coal-fired power flue gas desulfurization [13-14]. 
Several commercial-scale novel integrated 
desulfurization (NID) system had been applied for 
sintering flue gas desulfurization and the operation 
results confirmed that novel integrated sintering 
flue gas desulfurization has disadvantages of low 
desulfurization efficiency and calcium utilization 
[15-16]. Therefore, in order to make NID system 
more attractive in industry, it is urgent to increase 
the desulfurization efficiency and sorbent 
utilization. 

In this paper, the effects of approach to 
saturation temperature, CaO/S, H2O/CaO on SO2 
removal efficiency were investigated in a 
laboratory-scale novel integrated desulfurization 
system. 

 
 

MATERIALS AND METHODS 

Materials. In the experiments, lime was used 
as sorbent and stored in the slurry tank after 
hydration. Sauter diameter of the lime slurry is 

sorbent are presented in Table 1. 
 
Methods. Figure 1 shows a schematic diagram 

of experimental apparatus. The experimental 
apparatus consists of simulation flue gas system, 

gas pre-heater, lime hydration system, De-SO2 
reactor, bag filter and data acquisition system. In 
the experiments, air available from a compressor 
with a variable capacity was mixed with SO2 to 
form simulated flue gas, and then the simulated flue 
gas passed through a gas pre-heater. After the 
simulated flue gas heating to the desired 
temperature, the flue gas went through a De-SO2 
reactor. The De-SO2 reactor is a stainless steel 
column with an internal diameter of 0.05 m and a 
vertical length of 3.5. The fine sorbent was mixed 
with water in a stirred tank to form the sorbent 
slurry that was then continuously fed into the 
De-SO2 reactor by a screw conveyor with a variable 
speed to react with SO2 in the simulation flue gas. 
Finally, the reacted sorbents were entrained out of 
the reactor by a gas stream and then collected by a 
bag filter. The residence time of the simulation flue 
gas in the De-SO2 reactor was 0.5~1.5 s. In this 
study, inlet gas temperature and reaction 
temperature were measured by thermocouples, and 
inlet gas temperature was controlled by a PID 
controller. Inlet and outlet SO2 concentrations were 
simultaneously measured by two sets of portable 
gas analyzer (PG-250, Horiba) separately with an 
accuracy of ±1.0%. The range of experimental 
conditions used in this experiment is listed in Table 
2. 

 
FIGURE 1 

Schematic diagram of experimental 
apparatus 
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TABLE 2 
Experimental conditions used in this experiment 

 Experimental condition 
Inlet SO2 concentration, Cin 1400mg/Nm3, 2800mg/Nm3 
Stoichiometric ratio, Ca/S 1.2, 1.4, 1.6, 1.8, 2.0 
Stoichiometric ratio, H2O/CaO 1.2, 1.4, 1.6, 1.8, 2.0 
Inlet gas temperature, T1 90, 100, 110, 120, 130 0C 
Circulation ratio, Q 0~150 
Flow rate of the simulation flue gas, V 12.5~ 50.0 m3/h 
The residence time of the simulation flue gas, t 0.5~1.5s 

 
In this study, SO2 removal efficiency is 

defined as 

 
100%in out

in

C C
C

            (9)  

Where, Cin and Cout are the inlet SO2 
concentration and outlet SO2 concentration, 
respectively. 

  
                                    

RESULTS AND DISCUSSIONS 

Effect of approach to saturation 
temperature. The effect of the approach to 

a on SO2 removal 
efficiency is in a 
provides an indirect measure of the relative 
humidity of flue gas, it is customarily used in 
semidry FGD process to express the influence of 
gas relative humidity on SO2 removal. In the NID 
process, when a steady state is reached in the 
De-SO2 reactor, the rates of both heat and mass 
transfers will no longer change and gas temperature 
(Tb) and humidity (Hb) in the reactor will remain 
constant. Therefore, the approach to saturation 

a) is defined as the difference 
between gas temperature (Tb) and the adiabatic 
saturation temperature (Ts). It is well known that 

a, the closer the approach 
to saturation and the higher the gas relative 
humidity [17-18].  

Figure 2 presents the effect of the approach to 
saturation temperature on SO2 removal efficiency. 
The experiments were conducted at the approach to 
saturation temperature ranged of 5-30 0C, which 
approximately corresponds to the relative humidity 
of 25-90 %. As can be seen from Fig.3, the SO2 
removal efficiency is dramatically decreased from 
97.44% to 67.14% as the approach to saturation 
temperature is increased from 5 0C to 30 0C at the 
inlet gas concentration of 1400 mg/m3. When the 
inlet gas concentration is 2800 mg/m3, the SO2 
removal efficiency is varied from 92.18% to 
61.03% at the approach to saturation temperature 
range of 5-30 0

a shows a 
significant influence on SO2 removal since 
adsorbed water on the sorbent depends on the gas 

relative humidity, and plays an important role in 
promoting SO2 capture. As described previously in 
Introduction, it can be seen that the reaction 
between SO2 and CaO, occurring in the liquid 
phase, is ionic, it is very fast and effective. When 

a is small, the gas relative humidity 
is high and the evaporation of water in the reactor 
becomes slow; thus, more CaO dissolves in the 

a is small, SO2 
removal efficiency is high and will increase 

a decrease. However, 
if the value of a is too small, the drying of the 
slurry will become impossible and an excessive 
amount of water will be consumed. Thus, an 

a value must be determined by practical 
consideration. As stated above, the approach to 
saturation temperature, a is the difference 
between gas temperature and the adiabatic 
saturation temperature. It is known that the 
adiabatic saturation temperature is related to inlet 
gas temperature through the adiabatic line of the 
humidity chart. For a given flue gas, the reaction 
temperature depends on feeding rate of slurry and 

a can be 
generally varied by adjusting the feeding rate of 
slurry, the moisture content of slurry or the inlet gas 
temperature. 
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FIGURE 2 
Effect of approach to saturation temperature on 

SO2 removal efficiency; Reaction conditions: 
Ca/S=1.2, H2O/CaO=1.6, gas residence time=1.0s, 

ash circulation ratio=60. 
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Effect of CaO/S. The effect of Ca/S molar 
ratio on SO2 removal efficiency is shown in Figure 
3. The experiments were conducted at the Ca/S 
molar ratio range of 1.2-2.0, and the approach to 
saturation temperature of 10 0C. SO2 removal 
efficiency increases with increase in the ratio since 
a larger Ca/S molar ratio means that more SO2 
sorbents per unit time are fed into the reactor for a 
given inlet SO2 concentration in the flue gas. It is 
also seen from Figure 3 that SO2 removal efficiency 
increases rapidly with the Ca/S molar ratio increase 
from 1.2 to 1.6, and then slightly increased as Ca/S 
molar ratio increased from 1.6 to 2.0. Further 
increase in Ca/S molar ratio can t enhance SO2 
removal efficiency effectively. Rather, a too large 
Ca/S molar ratio certainly results in a low 
utilization rate of SO2 sorbent. Thus, an optimum 
Ca/S molar ratio must be determined by practical 
consideration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3 
Effect of H2O/CaO on SO2 removal efficiency; 
Reaction conditions: Ca/S=1.2, gas residence 

time=1.0s, approach to saturation 
temperature=10 0C, ash circulation ratio=60. 

 
Effect of H2O/CaO. Figure 4 indicates the 

effect of H2O/CaO molar ratio on SO2 removal 
efficiency. The experiments were conducted at the 
approach to saturation temperature of 10 0C, and 
the H2O/CaO molar ratio range of 1.4-2.2, which 
approximately corresponds to the water content of 
the sorbent is 0-10 %. The results indicate that the 
SO2 removal efficiency is firstly increased, and then 
decreased with the H2O/CaO molar ratio is 
increased from 1.4 to 2.2, and the best H2O/CaO 
molar ratio is 1.8. The above result can be 
explained that the water content of sorbent is 
increased with the H2O/CaO molar ratio increases, 
which lead to promote the reaction between SO2 
and CaO, occurring in the liquid phase. Further 
increase in H2O/CaO molar ratio can t enhance SO2 
removal efficiency effectively since the sorbents 
cohere together at a higher water content of 
sorbents, which reduces the specific surface area of 

the sorbent [9]. 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

FIGURE 4 
Effect of inlet Ca/S on SO2 removal efficiency; 

Reaction conditions: H2O/CaO=1.6, gas 
residence time=1.0s, approach to saturation 
temperature=10 0C, ash circulation ratio=60. 

 
 

CONCLUSIONS  

Novel integrated desulfurization (NID) 
technology applied for sintering flue gas SO2 
removal was studied in laboratory-scale novel 
integrated desulfurization (NID) system. In order to 
increase the SO2 removal efficiency and sorbent 
utilization, the effects of operating parameters 
(approach to saturation temperature, CaO/S, 
H2O/CaO) on SO2 removal efficiency were 
investigated. The laboratory-scale experimental 
results indicated that SO2 removal efficiency can be 
considerably enhanced by optimizing the operating 
parameters. Smaller approach to saturation 
temperature contributed to a dramatically increase 
in SO2 removal efficiency. Smaller and larger 
H2O/CaO was unbeneficial to SO2 removal, 
whereas larger CaO/S and gas residence time were 
greatly increased the SO2 removal efficiency but a 
further increase can not effectively enhance the SO2 
removal.  
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ABSTRACT 

 
Melibe viridis (Kelaart, 1858) has been found 

in south-eastern Adriatic Sea in the area of Boka 
Kotorska Bay. Two adult individuals were found 
during spawning at 3 m depth on 18 October 2014. 
Specimens were found on the sandy bottom with 
pebbles and Cymodocea nodosa meadows, during 
the benthic marine litter monitoring. Furthermore, 
many individuals were found in mosaic Cymodocea 
nodosa meadow during September-November 
2015. 
 
 
KEYWORDS: 
Melibe viridis, alien species, Boka Kotorska Bay, South 
Adriatic Sea 

 
 
INTRODUCTION 

 
Dispersion of non indigenous species in 

Mediterranean shows an increasing trend and can 
cause ecological, socio-economic and human health 
problems. Biological invasions are being 
recognized as an important element of global 
change, following the observation of increasingly 
spectacular developments of alien species in 
various regions of the world [1]. 

Melibe viridis (= M. fimbriata Alder and 
Hancock, 1864) is known from the Indian and 
Western Pacific Oceans, where this species is 
native [2, 3, 4], to the Mediterranean Sea where its 
occurrence has been reported for the first time in 
Cephalonia in the Ionian Sea in early  and 
has probably migrated there from Suez Chanel or 
shipping [4-6]. First record of this species in the 
Adriatic Sea was reported at the Island of Hvar, 
Croatia [7] and in eastern Sicily [8]. Only one 
record of this species in Montenegro was reported 
for Herceg Novi Bay at 8 m depth in 2004 [9]. 
Spawning of M. viridis in Mediterranean Sea was 
reported for the first time by Despalatovi  et al. [7] 
during October, and also finding of spawning 
aggregation in the north-western Ionian Sea was 
reported during the same month [10]. 

 
MATERIAL AND METHODS 

 
On 18 October 2014 two specimens of Melibe 

viridis were recorded by professional divers during 
the DEFISHGEAR project survey (estimation of 
marine litter on the sea bed). Specimens were found 
on gravelly sandy bottom with mosaic meadow of 
Cymodocea nodosa in the Boka Kotorska Bay (42° 
24´ 39.79´´ N, 18° 40´ 43.50´´ E), Montenegro 
(Figure 1). The specimens were photographed 
during the survey and identification was based on 
keys by Thompson and Crampton [6] and Trainito 
[11]. Furtherome, many individuals and egg ribbons 
were observed in the Boka Kotorska Bay during 
September-November 2015. 

 

 
FIGURE 1 

Geographical position of Montenegro with 
marked position of M. viridis finding:  in 2014 

and  in 2015. 
 
RESULTS AND DISCUSSION 

 
Two adult specimens of M. viridis (Figure 2) 

were observed together with one big egg ribbon 
(Figure 3). At the time of finding on October 2014 
the surface seawater temperature was 21.6 °C, 

research of the seabed which was conducted during 
the last decade by the researchers of the Institute of 
Marine Biology in Montenegro, this species was 
not observed during that period, and we assume that 
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the population was recently established, as 
evidenced by the findings of spawning. In addition 
to that M. viridis was found in large numbers on 
many locations inside the Boka Kotorska Bay 
during September-November 2015 (Figure 1). 

 

 
FIGURE 2 

Melibe viridis specimens found in the area of 
Boka Kotorska Bay  

 

 
FIGURE 3 

Egg ribbon of Melibe viridis Kellart (1858) 
 

The occurrence of M. viridis in the Adriatic 
Sea seems to be the consequence of the increasing 
temperature in the Mediterranean, which is a major 
factor in the spreading of lessepsian immigrants [7]. 
Although majority of alien species are considered 
to reach Mediterranean Sea through Suez Channel, 
there is no occurrence of this species in Red Sea or 
Levantine Sea, which is usual for lessepsian 
immigrants [4, 12]. Distribution pattern and 
findings of M. viridis indicate that this species is 
most likely introduced in Mediterranean and 
Adriatic Sea via shipping, while another possible 
way of its introduction in the Adriatic could be 
secondary spreading from Ionian Sea [13]. 

Although there are numerous records of this 
species from other Mediterranean areas [2, 5, 6, 8, 
14-21], only two findings refers to the area of 
Adriatic Sea [7, 9]. 

Relatively high surface temperature 
during the survey in 2014 was very favorable for 
spawning of this thermophilic species, while some 

also be the reason for moving of alien species 
towards higher latitudes [7, 22-23]. Having in mind 
that Nudibranchs can not only disperse as larvae but 
also drift and disperse as adults [24], its own means 
of expansion should not be ignored. But, given the 
fact that there are still no findings in the area of 
Albanian coastal waters, neither Italian Adriatic 
area, ballast waters and intensive cruise tourism are 
first to blame as possible ways of its spreading in 
the Adriatic Sea.  
 
 
ACKNOWLEDGEMENTS  

 
This finding was supported by the IPA 

Strategic DeFishGear project (Derelict Fishing 
Gear Management System in the Adriatic Region), 
which is funded by the IPA Adriatic Cross Border 
Cooperation Programme 2007-2013. The authors 
are thankful to the team of scuba divers led by Mr 

for photographic assistance in 
the field. 
 
 
REFERENCES 
 
[1] Occhipinti-Ambrogi, A. (2007) Global change 

and marine communities: Alien species and 
climate change. Mar. Pollut. Bull. 55, 342 352. 

[2] Cattaneo-Vietti, R., Chemello, R., and 
Giannuzzi-Savelli, R. (1990) Atlas of 
Mediterranean nudibranchs. La Conchiglia, 
Roma, 1-264. 

[3] Gosliner, T.M. and Smith, V.G. (2003) 
Systematic Review and Phylogenetic Analysis 
of the Nudibranch Genus Melibe 
(Opistobranchia: Dendronotacea) with 
Descriptions of Three New Species. In: 
Proceedings of the California Academy of 
Sciences, Volume 54, No. 18, 302-355. 

[4] Zenetos, A., Gofas, S., Russo, G. and 
Templado, J. (2003) CIESM Atlas of Exotic 
Species in the Mediterranean. Vol. 3. Molluscs. 
CIESM Publishers, Monaco, 1-376. 

[5] Moosleitner, H. (1986) Note on the occurrence 
of Melibe sp. (?) in the Mediterranean 
(Opisthobranchia: Fimbriidae). La Conchiglia, 
18, (202-203), 1-20. 

[6] Thompson, T. E. and Crampton, D. (1984) 
Biology of Melibe fimbriata, a conspicuous 
Opistobranch mollusc of the Indian Ocean, 
which has now invaded the Mediterranean Sea. 
J. Mollus. Stud. 50 (2), 113-121. 

[7] , 
-

Pacific gastropod Melibe fimbriata in the 



© by PSP  Volume 25  No. 11/2016, pages 4566-4568  Fresenius Environmental Bulletin  

4568 

Adriatic Sea. J. Mar. Biol. Assoc. U. K., 82 (5), 
923-924. 

[8] Scuderi, D. and Russo, G. F. (2003) Due nuovi 
gasteropodi per le acque italiane: Melibe 
fimbriata Alder e Hancock, 1864 e Tricolia 
tingitata Gofas, 1982 (Mollusca: Gastropoda). 
Biol. Mar. Medit., 10 (2), 618-621. 

[9] (2004) (Feb 26). Melibe from the 
Adriatic. [Message in] Sea Slug Forum. 
Australian Museum, Sydney. Available from 
http://www.seaslugforum.net/find/12280.  

[10] Mastrototaro, F., Panetta, P. nghia, G. 
(2004) Further records of Melibe viridis 
(Mollusca, Nudibranchia) in the Mediterranean 
Sea, with observations on the spawning. Vie et 
Milieu, 54 (4), 251-253. 

[11] Trainito, E. (2005) Nudibranchi del 
Mediterraneo, Guida al riconoscimento dei 
Molluschi Opistobranchi. Il Castello, Milano, 
1-96. 

[12] Zenetos, A., Gofas, S., Verlaque, M., Çinar, M. 
E., García Raso, J. E., Bianchi, C. N., Morri, 
C., Azzurro, E., Bilecenoglu, M., Froglia, C., 
Siokou, I., Violanti, D., Sfriso, A., San Martín, 
G., Giangrande, A., , T., Ballesteros, 
E., Ramos-Esplá, A., Mastrototaro, F., Ocaña, 
O., Zingone, A., Gambi, M. C. and Streftaris, 
N. (2010) Alien species in the Mediterranean 
Sea by 2010. A contribution to the application 

Framework Directive (MSFD). Part I. Spatial 
distribution. Medit. Mar. Sci, 11/2, 381-493. 

[13] 
Poursanidis, D., Cattaneo-Vietti, R., Beqiraj, 
S., Betti, F., Poloniato, D., Kashta, L., 
Katsanevakis, S. and Crocetta, F. (2015). 

, 
Heterobranchia): shedding light on biodiversity 
issues. Marine Ecology. In press.  

[14] Crocetta, F., Renda, W. and Vazzana, A. 
(2009) Alien Mollusca along the Calabrian 
shores of the Messina Strait area and a review 
of their distribution in the Italian seas. 
Bollettino Malacologico, 45, 15-30. 

[15] Koutsoubas, D. and Cinelli, F. (1996) Indo-
Pacific origin gastropod species in the Aegean 
Sea. Melibe fimbriata Alder and Hancock, 
1864, a new invader. Bollettino Malacologico, 
32 (1-4), 35-40. 

[16] Mojetta, A. (1998) Arriva dal Mar Rosso un 
nuovo nudibranco. Aqua, Milano, 133, 19-20. 

[17] Carriglio, D., Fanelli, G.and Rubino, F. (2004) 
First record of the alien gastropod Melibe 
fimbriata (Opisthobranchia: Tethyidae) in the 
Taranto seas (Mediterranean Sea). J. Mar. Biol. 
Assoc. U. K., 84 (5), 1067-1068. 

[18] Zenetos, A., Vassilopoulou, V., Salomidi, M. 
and Poursanidis, D. (2008) Additions to the 
marine alien fauna of Greek waters (2007 
update). Marine Biodiversity Records, Volume 

1, e91. DOI: 
http://dx.doi.org/10.1017/S1755267207009281 

[19] Sanchez Villarejo, F. (2007) (July 20) Melibe 
 from Cyprus. [Message in] Sea 

Slug Forum. Australian Museum, Sydney. 
Available from 
http://www.seaslugforum.net/find/20207. 

[20] Borg, J. A., Evans, J. and Schembri, P. J. 
(2009) Occurrence of the alien Nudibranch 
Melibe viridis (Kelaart, 1858) 
(Opisthobranchia, Tethydidae), in the Maltese 
islands. Medit. Mar. Sci., 10 (1), 131-136. 

[21] Tsiakkiros, L. and Zenetos, A. (2011) Further 
additions to the alien mollusc fauna along the 
Cypriot coast: new opisthobranchia species. 
Acta Adriatica, 52 (1), 115-124. 

[22] Grbec, B., , M. and Zore-Armanda, M. 
(1998) Some new observations on the long-
term salinity changes in the Adriatic Sea. Acta 
Adriatica., 39, 3-12. 

[23] , J., Grbec, B. and Lipej, L. (1999) 
Information on the Adriatic ichthyofauna -
effect of water warming? Acta Adriatica, 40 
(2), 33-43. 

[24] Antit, M., Gofas, S., Salas, C. and Azzouna, A. 
(2011) One hundred years after Pinctada: an 
update on alien Mollusca in Tunisia. Medit. 
Mar. Sci., 12/1, 53-73. 

 
 
 
 

 
Received: 08.12.2015 
Accepted: 05.05.2016 
 
 
CORRESPONDING AUTHOR 
 
Milica Mandic 
Institute of Marine Biology 
Dobrota bb, P.O.Box 69 
85 330 Kotor, Montenegro 
 
E-mail:  mamilica@ac.me 



© by PSP  Volume 25  No. 11/2016, pages 4569-4577  Fresenius Environmental Bulletin  

4569 
 

 
TESTING WILLOW LEAVES FOR THE REMOVAL OF Cu2+ 

FROM AQUEOUS EFFLUENTS 
 

Borhaneddin Boroomand1,*, Fereydun Vafaii1 , Mohammad Ebrahim Bahrololoom2,  
Chicgoua Noubactep3,4,5 

 

1 Civil Engineering Faculty, K.N. Toosi University of Technology, Vanak square, Tehran, Iran; 

2 School of Materials Science and Engineering, Shiraz University, Zand street, Shiraz, Iran; 

3Angewandte Geologie, Universität Göttingen, Goldschmidtstraße 3, D - 37077 Göttingen, Germany; 

4Kultur und Nachhaltige Entwicklung CDD e.V., Postfach 1502, D - 37005 Göttingen, Germany; 

5 Comité Afro-européen - Avenue Léopold II, 41 - 5000 Namur, Belgium. 
 

 
ABSTRACT 

This study tested the suitability of willow 
leaves as a biological sorbent for the removal of 
copper ions (Cu2+) from industrial effluents. Bath 
mode was used and the effects of the following 
parameters were investigated: adsorbent dosage (10 
to 50 g/L), pH value (2.6 to 8.0), adsorbent particle 
size (non-crushed and powder) and equilibration 
time (5 to 120 minutes). The leaves were 
characterized by Fourier transform infrared 
spectroscopy (FTIR) before and after Cu2+ 
adsorption. The results revealed a higher efficiency 
of powdered adsorbents for Cu2+ removal. The 
highest adsorption efficiency was found to occur at 
pH 4.6 with 50 g/L powdered leaves for an 
experimental duration of 2 hours. The results of 
FTIR study revealed the presence of salicylic acid 
(in addition to cellulose) in willow leaves. These 
derivatives are probably responsible for Cu2+ 
chemical adsorption. Willow leaves were found to 
be an efficient and affordable adsorbent for 
wastewater treatment. 

 
 

KEYWORDS:  
Copper removal, Frugal innovation, Plant biomass, Water 
treatment, Willow leaves. 
 

 
INTRODUCTION 

Chemical water contamination comes from 
different sources including agriculture, households, 
different industries and mining activities. 
Electroplating industry is an example of a 
contamination source producing mostly inorganic 
species (metallic ions) [1]. Examples of involved 
heavy metal ions include Cd2+, Cr6+, Cu2+, Hg2+, 
Ni2+ and Pb2+. Elevated concentrations of heavy 
metals are toxic for living organisms. For example, 
high concentrations of Cu2+ can cause diseases such 
as deformation of bones, extra cholesterol intake, 
and anemia [2]. The allowable amount of copper is 

2 mg/L, according to the European Union standards 
[3]. 

Technologies to treat Cu2+ contaminated 
waters include (i) adsorption both in batch and 
column operations [4,5], (ii) coagulation, 
electrocoagulation and flocculation [6], (iii) ion 
exchange [7], and (iv) membrane filtration [8,9]. 
Convenient designing and operation made 
adsorption in packed beds the most applicable 
practice among these technologies, in particular in a 
frugal approach [10,11]. Adsorption processes are 
able to eliminate many contaminants in a multi-
barrier approach [10]. 

There is a growing interest in the application 
of plant biomass for water treatment in general and 
aqueous Cu2+ removal in particular [12-15]. The 
main advantage of plant biomass is that they are 
readily available and can work under near neutral 
pH. The contaminant removal mechanism by this 
class of material is not established. It is currently 
understood that the driving force for 
decontamination relies in its affinity to several 
species present in the biomass structure (e.g. Ca2+, 
Mg2+, OH- and NH2, cellulosic groups) [16]. 
Relevant removal mechanisms include biosorption, 
ion-exchange and physical adsorption [7-9]. In 
recent years, several plant materials have been 
positively tested for Cu2+ removal including (i) 
cinnamomum camphora [12] and (ii) modified 
barley straw [13]. A literature survey indicates that 
willow leaves have not yet been tested for Cu2+ 
removal. 

 Willow is a deciduous tree which belongs to 
the family Salicaceae. This plant originates from 
China, but it can be found throughout the northern 
hemisphere (Europe, Asia and North America). 
Willow inhabits temperate areas that provide 
enough moisture and direct sunlight. There are 
different varieties of willow trees, one of which is 
weeping willow with the scientific name of Salix 
babylonica [17]. This is a species of willow native 
to many areas of the world. Salix babylonica is a 
medium- to large- sized deciduous tree. The leaves 
are narrow, light green, 4-16 cm long and 0.5-2 cm 
broad, with finely serrate margins. One of the 
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substances which is present in the bark and also 
leaves of willow trees is salicylic acid [18]. 
Salicylic acid is a monohydroxybenzoic acid. 
Salicylic acid has the formula C6H4(OH)COOH, 
where the OH group is ortho to the carboxyl group. 
It is also known as 2-hydroxybenzoic acid. It is 
poorly soluble in water [19].  

The presence of salicylic acid in willow leaves 
indicates that, beside physical adsorption by 
cellulose component, Cu2+ removal via biosorption 
is likely to be significant. The objective of the 
present study was twofold: (í) investigate the 
suitability of willow leaves as bio-absorbent for 
Cu2+ removal and (íi) characterize the removal 
mechanism. The efficiency of willow leaves for 
Cu2+ removal was characterized by the variation of 
common operational parameters (mass loading, pH 
value, adsorbent particle size and equilibration 
time) of batch adsorption studies. The leaves were 
also characterized by Fourier transform infrared 
spectroscopy (FTIR) before and after Cu2+ 
adsorption. 

 
 

MATERIALS AND METHODS  

Solutions. Copper sulfate (CuSO4.5H2O) was 
used as the source of Cu2+ ion in a simulated 
effluent solution. It was purchased from Merck Co. 
The solution was made from water with total 
dissolved solids (TDS) of 200 mg/L and a pH value 
of 8.3. Hydrochloric acid and sodium hydroxide 
solutions with 1 mol/L concentration were used to 
adjust the pH value. Solution samples were 
prepared with the following contaminant 
concentrations of 2.0, 3.0 and 4.5 mg/L. 

 
Willow leaves. The used adsorbent material 

was willow leaves from Shiraz University Botanic 
Garden (Eram garden), Shiraz, Iran. There was no 
particular pretreatment on leaves, however they 
were washed to remove any dust particles from 
leaves surfaces and left for 72 hours at 25 °C in 
order to dry. Three types of specimens from willow 
leaves; i.e. uncut, chopped, and powder were used. 

These different types of specimens are shown in 
Figure 1.  

 
Cu2+ removal. Cu2+ removal was initiated by 

contacting 0.0 to 5.0 g of the adsorbent with a 100 
mL Cu2+ solution in a closed cylindrical plastic 
vessel of 250 mL volume. The experimental vessels 
were then stirred at 120 rpm for the experimental 
duration varying from 5 to 120 minutes. Closed 
vessels were used to avoid evaporation of the 
solution and so to warrant constant volume. Tested 
initial pH values were 2.6, 4.6 and 8.0. Tested 
contact times were 5, 10, 15, 20, 30, 45, 60, 80, 100 
and 120 min. The resulting adsorbent mass loadings 
were 10, 20, 30, 40, 50 g/L. At the end of the 
experiments, the solutions were filtered through 
SELECTA filter papers and a fraction of the filtrate 
was used for Cu2+ determination. Adsorbent 
materials from selected experiments were used for 
FTIR spectroscopic analysis. The aqueous Cu2+ 
concentration of each solution was determined three 
times and the average value was used for 
calculations. 

Analytical method. Cu2+ concentrations were 
determined by a UV-Vis spectrophotometer (PC-
Spectro Lovibond Germany) at a wavelength of 559 
nm. The sensitivity limits of the PC-Spectro was 
0.05 to 5 mg of copper ions. Cuvettes with 1.0 cm 
light path were used. The copper determination 
followed the 150 method (GB instruction manual). 
The spectrophotometer was calibrated for Cu2+ 
concentrations  5.0 mg/L. The pH value was 
measured by combined glass electrodes (WTW 
Inolab). Finally, Fourier transform infrared, FTIR 
spectroscopy (ABB FLTA2000) was used to 
determine the functional groups in willow leaves 
before and after the adsorption procedure. Fourier 
transform infrared spectroscopy (FTIR) is a 
powerful technique which can give useful 
information about the chemical structures of 
different compounds, mainly organic and biological 
substances. 

 
FIGURE 1 

Three types of specimens of willow leaves, which were used in this study 
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It identifies different functional groups in an 
organic compound. Each adsorption peak is 
indicative of a functional group. For example, the 
peak for the N-H bond stretching in amines and 
amides occur between 3250 and 3400 cm-1 [20]. 
This analytical technique also indicates whether 
there has been any change in the functional groups 
in a compound as a result of a chemical reaction. 
Thus, any change in the functional groups in an 
adsorbent after adsorption indicates that there has 
been a chemical change during adsorption. This in 
turn shows that the mechanism of ion removal was 
chemical adsorption and not merely physical 
adsorption.

Expression of experimental results. As 
shown in the following equation, the percentage of 
removed copper ion from the solution can be 
calculated. Ci is the initial concentration of copper 
ions and Ce is the concentration at the end of the 
equilibration time.  

Removal (%) =  
 
  

RESULTS AND DISCUSSION 

FTIR analysis of weeping willow leaves. 
Fourier transform infrared spectroscopy (FTIR) was 
used for chemical analysis of willow leaves before 
and after the adsorption procedure. Figure 2 is the 
FTIR spectrum of ground willow leaves before and 
after using it as adsorbent. Willow leaves contain 
cellulose and also salicylic acid. This organic acid 
exists in leaves, barks and roots of some medicinal 
plants and it is extracted from these plants to 
prepare aspirin. Willow leaves has a considerable 
amount of salicylic acid in addition to cellulose 
which is a biological compound common to all 
plants [19].

 

 
FIGURE 2a 

FTIR of ground willow leaves before adsorption

 
FIGURE 2b 

FTIR of ground willow leaves after adsorption 
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FIGURE 3 
 The absorption peaks for cellulose and salicylic acid in the FTIR spectrum of willow leaves before 

adsorption 
 

The FTIR spectrum of willow leaves can be 
considered as an overlap of two FTIR spectra, one 
for cellulose and another for salicylic acid. It can be 
divided into two different regions, the wave 
numbers between 4000 cm-1 to 2000 cm-1 

correspond to the cellulose FTIR spectrum and the 
region from 2000 to 500 cm-1 is similar to the 
spectrum of salicylic acid (Fig. 3). 

Figure 4 shows that there was some shifts in 
the peaks of the FTIR spectrum of willow leaves 
after adsorption process. In addition, the peak at 
1271.95 cm-1 wavenumber disappeared after 
adsorption. These changes in the FTIR spectrum are 
indication of chemical changes taking place in the 
willow leaves during the adsorption of copper ions. 
Thus, it can be concluded that chemical adsorption 
also occurred in addition to physical adsorption. 
The region of the spectrum which is similar to 
cellulose is an indication of physical absorption. On 
the other hand, the region of the spectrum which 
corresponds to salicylic acid can be due to chemical 
adsorption. 

 
Cu2+ removal by willow leaves: Effects of 

the adsorbent dosage. Figure 5 depicts changes of 
aqueous Cu2+ concentrations as a function of the 
time for an adsorbent mass loading of 50 g/L. It is 
seen that Cu2+ removal increased very sharply at the 
beginning reaching 50 % after some 25 minutes. At 
60 minutes, a plateau is reached at about 60 % Cu2+ 

removal and is maintained through the end of the 
experiment (120 minutes). This observation 
corroborates reports by other researchers who have 
investigated bio-sorption of cadmium and lead ions 
from aqueous solutions [21]. Data from Fig. 5 
suggest that 2 hours (120 minutes) is suitable for 
the achievement of a pseudo-equilibrium under the 
experimental conditions of this work.  

The effect of adsorbent mass loading varying 
from 10 g/L to 50 g/L on Cu2+ removal for 2 hours 
is summarized in Figure 6. The Cu2+ removal 
efficiencies were 45.8, 50.1, 56.3, 60.7 and 64.0 % 
for 10, 20, 30, 40 and 50 g/L willow leaves. This 
plateau at the end of curves probably is from 
saturation of the surface of adsorbent with metal 
ions followed by adsorption and desorption 
processes that occur after saturation [22]. 

 
Effect of the initial ion concentration. As 

Fig. 7 shows, the absorption rate increased with 
increasing Cu2+ concentration. A higher aqueous 
Cu2+ concentration implies more contacts 
opportunities with a fixed amount of the adsorbent. 

It is expected that when the initial ion 
concentration is increased, the rate of adsorption 
would be decreased. With reference to the 
limitation of the adsorption sites, increasing the 
initial Cu2+ concentration would reduce the ratio of 
Cu2+ which might be absorbed relative to the total 
amount of copper ions in the solution.

Salicylic acid 
Cellulose 
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FIGURE 4 
FTIR spectra to show shifts in the peaks and also disappearance of the peak at 1271.95 cm-1 wavenumber 

after adsorption

 
FIGURE 5 

 Time-dependent changes of Cu2+ removal efficiency (%). Experimental conditions: 50 g adsorbent; V = 
1.0 L; [Cu2+] = 3.0 mg L-1. Point A corresponds to 120 minutes and 64 % of removal. The lines are not 

fitting functions, they simply connect points to facilitate visualization. 
 

Before adsorption

After adsorption



© by PSP  Volume 25  No. 11/2016, pages 4569-4577  Fresenius Environmental Bulletin  

4574 
 

 
FIGURE 6 

Time-dependent changes of Cu2+ removal efficiency (%) for various adsorbent mass loadings. 
Experimental conditions: 10, 20, 30, 40, 50 g adsorbent; V = 1.0 L; [Cu2+] = 3.0 mg L-1. The lines are not 

fitting functions, they simply connect points to facilitate visualization. 
 

 
FIGURE 7 

Time-dependent changes of Cu2+ removal efficiency (%) for the three tested initial Cu2+ concentrations. 
Experimental conditions: 50 g adsorbent; V = 1.0 L; [Cu2+] = 2.0, 3.0 and 4.5 mg L-1. Point A corresponds 
to 120 minutes and 73.6 % Cu2+ removal. Point B corresponds to 120 minutes and 72.3 % Cu2+ removal. 
Point C corresponds to 120 minutes and 71.7 % Cu2+ removal. The lines are not fitting functions, they 

simply connect points to facilitate visualization

 
FIGURE 8 

 Time-dependent changes of Cu2+ removal efficiency (%) for the three tested adsorbent particle size. 
Experimental conditions: 50 g adsorbent; V = 1.0 L; [Cu2+] = 3.0 mg L-1. Point A corresponds to 120 

minutes and 72.3 % Cu2+ removal. Point B corresponds to 120 minutes and 32.7 % Cu2+ removal. Point C 
corresponds to 120 minutes and 21.3 % Cu2+ removal. The lines are not fitting functions, they simply 

connect points to facilitate visualization.
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Effect of Size of adsorbent. The results in 
Fig. 8 show that the highest Cu2+ removal occurred 
when the adsorbent powder was used. The chopped 
leaves had lower Cu2+ removal efficiency than the 
powder. The lowest ability to remove copper ions 
from the solution was found to be for the leaves 
without cutting. This is due to the fact that the leaf 
powder had the highest effective surface area and 
thus the adsorption sites increased significantly. In 
contrast, the chopped leaves had a lower surface 
area and the uncut leaves had the lowest surface 
area. 

As seen in Fig. 8, when a leaf is chopped into 
pieces the increase in the effective surface area 
relative to the uncut leaf is not very much when 
compared with the situation when the leaves are 
ground into powder. This is in a good agreement 
with the results shown in Fig. 8, in which the 
difference between the percentage of ion removal 
for the powder and other forms (sizes) is much 
more than the difference between the percentage of 
Cu2+ removal for the chopped leaves and the uncut 
leaves. Although the uncut leaves have the lowest 
effective surface area and consequently the lowest 
removal ability, this type and size of adsorbent has 
an advantage when compared with the chopped or 
powdered form in the fact that the uncut leaves are 
the natural form of the adsorbent and it does not 
require any pre-treatment such as cutting or 
grinding procedures. It is also interesting to note 
that these willow leaves have many perforation on 
their surfaces for efficient adsorption of the 
dissolves species [23]. The advantage of using 
leaves without costly pre-treatment is that there is 

less cost (including manpower or working hour). A 
small community lacking money for pre-treatment 
devices would abundantly use intact leaves as they 
are available at 'no money expense'. This is a key 
aspect of frugal innovation, making water treatment 
possible at small scale. It is important to add here, 
that if a community has to buy and transport willow 
leaves, it would then be interesting to check 
whether investing in chopping devices is 
economically advantageous.

Effect of the pH value. Effect of pH on the 
variation of adsorption on the time of contact is 
presented in Fig. 9. The initial pH of the solution 
was 8.0. Another two pH values, i.e. 4.6 and 2.6, 
were also investigated. The best result was achieved 
for the solution with the pH value of 4.6. More 
alkaline solutions with pH values higher than 8.0 
were not investigated because metallic hydroxide 
(e.g. Cu(OH)2) could be formed at high pH values 
in the alkaline range. Cu2+ precipitated as Cu(OH)2 
would be difficult to segregate from adsorbed and 
bio-adsorbed Cu2+. In essence Cu2+ can be present 
as Cu+ as well but Cu+ is not stable under 
atmospheric conditions. It is also positively charged 
such that even when available the electrostatic 
interaction are of the same nature  for other 
elements, like As the situation is different. As(V) is 
negatively charged whereas As(III) is neutral. Since 
the aim of the present work was to investigate 
removal of the Cu2+ ion from the effluent solutions 

 
FIGURE 9 

Time-dependent changes of Cu2+ removal efficiency (%) for the three tested initial pH values. 
Experimental conditions: 50 g adsorbent; V = 1.0 L; [Cu2+] = 3.0 mg L-1. Point A corresponds to 120 

minutes and 72.3 % Cu2+ removal. Point B corresponds to 120 minutes and 64 % Cu2+ removal. Point C 
corresponds to 120 minutes and 51 % Cu2+ removal the lines are not fitting functions, they simply connect 

points to facilitate visualization.
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by using willow leaves, pH values were kept to 
lower than 8.0.  

The increase in Cu2+ removal with increase in 
pH values can be explained on the basis of a 
decrease in competition between proton and the 
metal cations for reactions with the same functional 
groups. Another parameter is the decrease in 
positive charge of the adsorbent which results in a 
lower electrostatic repulsion between the metal 
cations and the surface [24]. Carboxyl and sulfate 
groups have been identified as the main sites for 
attachment of metal ions with the main chemicals in 
seaweed and, as these groups can have acidic 
property, their presence is pH dependent [25]. 
These groups generate a negatively charged surface 
at the pH range of 3.5-5.0 and electrostatic 
interactions between cationic species and this 
surface is responsible for metal uptake [26]. As the 
pH increased, the ligands such as carboxylate 
groups in Sargassum sp. would be exposed, 
increasing the negative charge density on the 
biomass surface, enhancing the attraction of 
metallic ions with positive charge and allowing the 
biosorption onto the cell surface. With increasing 
pH, the rate of adsorption also increases with the 
optimum pH of 4 for copper biosorption. Copper 
ion forms an insoluble hydroxide which is 
precipitated at pH values higher than 4 and 
consequently no adsorption takes place. It is 
obvious that metal adsorption depends on the nature 
of the adsorbent surface. At low pH, the H+ ions 
compete with metal ions for the exchange sites in 
the system, thereby partially release metal ions. The 
heavy metals are completely released at very low 
pH values. The minimum amount of adsorption 
takes place at pH 2 and then increases with 
decreasing acidity of the solution. The minimum 
adsorption at low pH (< 2) may be due to the higher 
concentration and high mobility of H+ ions which 
are preferentially adsorbed over metal ions.  

 
 

CONCLUSIONS 

The results of the present investigation 
showed that willow leaves can be used as a useful 
adsorbent for removal of Cu2+ ion from industrial 
effluents containing aqueous solution of copper ion. 
Advantage of this adsorbent is that it is a biological 
material present in many countries. Effects of 
different parameters such as contact time, pH, the 
size of adsorbent and its content on the amount of 
copper ions removed from the experimental 
solution were investigated. Finally, FTIR spectra of 
the willow leaves before and after adsorption 
process were compared with each other. This 
comparison showed that both chemical and physical 
adsorption occurred simultaneously.  
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ABSTRACT                                  

 
An early warning system of water shortage was 

established through using a system dynamics (SD) 
software package (i.e., Stella) and was applied in the 
city of Tianjin. Detailed information and data related 
to water supply by local and external sources were 
examined. Water demands by indigenous 
ecosystems and socioeconomic sector were obtained 
in the city. Also, multiple scenarios of the 
implementation of water related policies and 
strategies including water transfer projects were 
developed over 2013 to 2030. Sensitivity analysis 
was conducted in the system, indicating that it was 

. The developed early warning system can 
reflect water shortage risks not only for human 
beings but also for indigenous ecosystems. 
 
 
KEYWORDS:  
Early warning system; Water supply and demand; System 
dynamics; water shortage risks 
 
 
INTRODUCTION                           

 
Water is an important resource for maintaining 

regional sustainable development and upholding 
virtuous cycles for local ecosystems [1]. Any 
individual water related activity and issue may have 
profound effects upon relevant processes and factors 
within a water system. A systematic thinking for any 
variations in water related activities is desired. 
Particularly, water shortage in many cities of China 
is serious and is interconnected with social and 
ecological impacts. When water shortage occurs, not 
only the socioeconomic system would be confronted 
with financial losses, but also the original 
environmental and aquatic ecological equilibrium 
would be lost [2].  

In this research, a system dynamic (SD) based 
early warning system [3-7] will be developed 
through the adoption of Stella [8-9] and the analysis 
of water supply and demand in Tianjin, including the 

corresponding subsystems for industrial, agricultural, 
domestic, and ecological sectors in this city. In this 
method, the calculation model of ecological demand 
will be embedded into Stella. Moreover, the 
supply-demand ratio will be introduced to reflect 
various water supply and demand options (such as 
water supply from reclaimed water reuse system and 
those of the south to north water diversion project) in 
this city [10]. Water transfer by the south to north 
water diversion project and the reclaimed water 
reuse system will be simultaneously considered. 
This is of significance to support the development of 
comprehensive water shortage analyses. 
Furthermore, water demand by ecosystems will be 
considered in the system. Four scenarios of water 
supply and demand from 2013 to 2030 were 
simulated to analyze water shortage risks.  

 
 

MATERIALS AND METHODS                
 
Study site and background. The city of 

Tianjin is located in the northeast of North China 
plain. It is in the Hai river basin, and to the west of 
Bohai Sea, to the south of Yan Mountain, and to the 
east of Beijing. Fiver tributaries of Hai River are 
distributing in the city (including the South and 
North canals of Jinghang Canal, as well as Ziya, 
Grand, and Yongding Rivers). These rivers shape a 
confluence and the estuary for Hai River (Figure 1). 
Tianjin is classified as a warm humid continental 
monsoon climate. Its average temperature is around 
14 . Its average annual rainfall is between 360 to 
970 mm. Precipitation in this city is unevenly 
distributed. The city s residential population was 
14.13 million at the end of 2012. The proportion of 
the urban population in this city was 62.06%. Tianjin 
is a developed area in China. Its GDP per capita was 
93,200 RMB Yuan (approximately 15,000 U.S. 
dollars) in 2012. 

In the city of Tianjin, the total amount of water 
supply in 2013 was 2.38 billion m3, including 1.62 
billion m3 of surface water, 0.57 billion m3 of 
groundwater, 0.15 billion m3 of grey water that was 
deeply treated from wastewater, as well as 31.42 
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million m3 of desalinated seawater. Surface water 
was more than 70% of the total water in this city, 
which water diversion and pumping engineering 
offered more than 60% of water resources. In the 
past decade, the total amount of water supply is 
gradually growing. Among them, the surface water 
and desalination, recycled water kept growing, 
groundwater in particular the deep groundwater had 
declined steadily. The structure of water supply was 
gradually optimized. The total amount of water 
demand was 2.38 billion m3, within which water 
demands by domestic, industrial, ecological sectors 
grew continuously. In terms of the structure of water 
consumption, the proportion of tertiary industry kept 
rising. The city s per capita water consumption was 
164 m3. When the south to north water transfer 
project is completed, the amount of water from Luan 
River remains unchanged. Water from Yellow river 
will be zero. Based on the twelfth five-year plan, 
Tianjin will co-ordinate water transfer, desalination 
and recycled water, and strictly control groundwater 
exploitation, develop rainwater collection and 
utilization, accelerate the recycled water facilities 
and support pipe network construction. Overall there 
is no serious water shortage in Tianjin. Certain 
contradiction between water supply and demand still 
remains. 

Two major factors affect water supply and 
demand in Tianjin and may have effects on potential 
water shortage. One is the imbalance between 
natural water distribution/availability, and the 

structure within China. 
For example, the share of population, area and arable 
land of Tianjin in China are 1.04, 0.12 and 0.36%, 
respectively, while the share of water resource 
distribution is comparatively 0.11% in 2012. As a 
result, the per capita water resource is 238 m3 per 
year, which is the 11  level. 
Despite this, Tianjin is located in the Hai river basin. 
The region plays a very important role in China in 
terms of its economic production. The basin holds 

 
including Beijing and Tianjin. Tianjin is the largest 
industrial center in north China. The second factor is 
the rapid industrialization and economic growth of 
the city and the surrounding region in recent decades. 
Because water demand has grown rapidly in 
upstream areas, the city of Tianjin in the 
downstream has suffered a lot from limited water. 
Water demand in the city of Tianjin is also growing. 
As the GDP of the city grew tenfold from 1996 to 
2012, the urban population grew by 3.4 million 
persons. Moreover, deficit in the total available 
water resources, overuse of groundwater and 
deteriorating water quality are three major water 
resource related issues. The environmental impacts 
are significant and diverse, including desertification, 
land subsidence, groundwater recession, saltwater 
incursion and soil salinization among many others 
[11]. 

FIGURE 1 
Location and the water system of Tianjin 
 
Development of a water-shortage early 

warning system. In this research, Stella version 
9.0.1 was used as the platform to establish the early 
warning system in the city of Tianjin. In this 
platform, the rectangles represent state variables, 

 They describe the 
elements in the system [12]. The flows represent the 
processes in which materials (or quantities) are 
taken from one state variable and added to another. 
The cloud  is used to show that material is 
exchanged with the outside of the system. Circles 
represent parameters or auxiliary variables (i.e., 
Converters . These are all the quantities that are 

either constant in the model or will be calculated 
based on the values of the state variables. Lines with 
arrows are to show what depends upon what. They 
are to feed the value from one Stella icon into 
another. They cannot move material or quantities; 
they only convey information [13]. An early 
warning system for water quantity was established 
based on the relationship between supply of water 
and demand of socioeconomic and aquatic 
ecosystem. Therefore, the crisis of water quantity 
could be directly diagnosed through whether the 
water support and demand in basins came into 
balance [2]. 

 
Water supply subsystem. Water supply 

subsystem consists of three parts including 
groundwater supply, surface water supply and other 
sources supply such as reclaimed wastewater and 
desalination (Figure 2). From 2005 to 2012, the 
amount of the exploited groundwater decreased 
greatly. The average annual reduction rate was 3.9%. 
Groundwater exploitation rate in 2005 was 
considered as a baseline, which can be used for 
acquiring the amount of groundwater in any 
interested years. The amount of groundwater supply 
was obtained through the multiplication of 
groundwater exploitation rate and the exploitable 
groundwater (e.g., annual average is 531 million m3 
in Tianjin). Because of large annual variation in the 
verification period, the utilization rate of surface 
water was expressed through table functions and 
took the annual average of 0.1% to calculate in the 
forecast period. Taking the water diversion project 
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FIGURE 2 

Water supply subsystem 
 

 
FIGURE 3 

Domestic water demand 
 
into account, the amount of surface water supply 
will increase 0.86 billion m3 in 2015. Other water 
sources including water reuse and desalination was 
expressed by table functions because of large annual 
variation in the verification period. A number of 
regression analysis models were used for calculation 
of annual water supply based on the collected data 
over 2011 to 2013. Main equations for the water 
supply subsystem can be presented as follows: 

 
GER (t) = GER (t - dt) + (GAERR) * dt (1a) 
SWS (t) = SWS (t - dt) +AESW* dt (1b) 
AESW = SWS * SWUR (1c) 
GS = GER * AG (1d) 
SS = SWS + STNWD (1e) 
TS = GS + OS + SS (1f) 
 

where GER is groundwater exploitation rate, 
GAERR is groundwater annual exploit reduction 
rate, SWS is surface water supply, AESW is annual 
exploited surface water, SWUR is surface water 
utilization rate, GS is groundwater supply, AG is 
available groundwater, SS is surface water supply, 
STNWD is south to north water diversion, TS is total 
supply, and OS is other water supply options.  

 
Water demand subsystem. Demand by the 

domestic sector. Domestic demand is divided into 
two parts including urban and rural water demands 

multiplied by water consumption per capital. Urban 
and rural population required statistical data from 
2005-2012 to calculate the corresponding average 
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annual growth rate. However, rural population 
mobility is high with the nonlinear nature. For close 
to real scenario, it was obtained by the total 
population minus the urban population, population 
data using the resident population. The main 
equations for domestic water demand subsystem are 
as below:  

AIP = TP*TPAGR (2a) 
PWQ (t) = PWQ (t - dt) + (AIPWQ) * dt (2b) 
AIPWQ = PWQ*PWQARR (2c) 
TP (t) = TP (t - dt) + (AIP) * dt (2d) 
WD = PWQ*TP (2f) 
DD = RWD+UWD (2g) 
 
where AIP is annual increased population; TP  

is total population; TPAGR is total population 
annual growth rate; PWQ is population water quota; 
AIPWQ is the annual increased amount of 
population water quota; PWQARR is population 
water quota annual reduction rate; WD is water 
demand; DD is domestic demand; RWD is rural 
water demand; UWD is urban water demand. 

Demand by the industrial sector. Industrial 
water demand is generated based on industrial 
output value and industrial water use per 10,000 
RMB Yuan output value (Figure 4). Annual 
industrial water use per 10,000 RMB Yuan output 
value was fluctuating in the verification period and 
was calculated through the table function. The 
annual reduction rate of industrial water use per 
10,000 RMB Yuan output value in the forecast 
period took the 5% as the average. Industrial output 
value increased every year and the average annual 
growth rate was 19.285%. The main equations for 
industrial demand subsystem are as below: 

IO (t) = IO (t - dt) + (AIVIO) * dt (3a) 
AIVIO = IOAGR * IO (3b) 
IWP (t) = IWP (t - dt) + (ARAIWP) * dt (3c) 
ARAIWP = IWP * ARRIWP (3d) 
ID=IO * IWP (3e) 
where IO is industrial output; AIVIO is annual 

increased value of industrial output; IOAGR is 
industrial output annual growth rate; IWP is 
industrial water use per 10,000 RMB Yuan output 
value; ARAIWP is annual reduced amount of 
industrial water use per 10,000 RMB Yuan output 
value; ARRIWP is annual reduction rate of 
industrial water use per 10,000 RMB Yuan output 
value; ID is industrial demand.  

 
Demand by the agricultural sector. 

Agricultural demand varies over various land use 
types and seasons. Typical classification consists of 
arable, grass and woodlands. Agricultural demand 
was calculated by water quota per Chinese mu for 
different land use types multiplied by the 
corresponding land areas (Figure 5). Due to the lack 

of agriculture data in Tianjin statistical yearbook and 
water resources bulletin, water demand was obtained 
through the table function in the calibration period. 
Average annual reduction rate of water demand take 
the average of 1.93% to calculate. 

. 

 
FIGURE 4 

Industrial water demand 
 

 
FIGURE 5 

Agricultural water demand 
 
Water demand by ecosystems. Water demand 

by ecosystems has been a central issue in sustainable 
water resources management. In this research, there 
has formed a consensus that water demand by 
ecosystems is a certain amount of water be 
purposefully allocated or released to local 
ecosystems. Once the quantity of surface water fails 
to ensure ecological demand, ecological 
deterioration would occur. This is leading to water 
shortage even water demand by human being is 
satisfactorily met. Thus, it is apparently 
indispensable to consider water demand by 
ecosystems within the comprehensive water demand. 
With the attention on the field of ecological 
environment, ecological demand in the proportion of 
the total water demand is growing. According to 
National Integrated Water Resources P

that National Development and Reform Commission 
(NDRC) released , over 40% of the increased water 
supply will have to be used for ecosystems (Figure 
6).Regarding the proportion of newly increased 
water supply by the ecological demand as 2030 
target, ecological demand was simulated through 
calculation of new supply. The main equations for 
ecological demand subsystem are as below: 

 
EED (t) = EED (t - dt) + (EEW) * dt (3a) 
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EEW = (TS-TSPY)*(0.2+ (PNISED 
-0.2)/18*(TIME-2012)) (3b) 

TSPY= DELAY (TS, 1, 22.52) (3c) 
 

where EED is ecological environmental demand; 
EEW is ecological environmental annual increased 
water; TSPY is total supply previous year; PNISED 
is the proportion of newly increased supply by the 
ecological demand in 2030. 
 

 
FIGURE 6 

Ecological water demand 
 
Reclaimed water subsystem. With advances 

in wastewater treatment technologies, the reuse 
potentials of reclaimed water are expanding 
[14].Reclaimed water is related to the generation, 
treatment volume of urban domestic and industrial 
wastewater. The total amount of treated wastewater 
which was the sum of urban domestic wastewater 
and industrial wastewater after treatment multiplied 
by conversion rate of recycled water were the 
amount of reclaimed water (Figure 7). The main 
equations for reclaimed water reuse system are as 
below: 

 
IWW = GRIWW *ID (4a) 
ITWW = IWW *TRWW (4b) 
UWW= GRUWW *UWD (4c) 
UTWW =UWW*TRWW (4d) 
TTWW = ITWW +UTWW (4e) 
RS = RR*TTWW (4f) 
 
where IWW is industrial waste water; GRIWW 

is generation rate of industrial waste water; ITWW is 
industrial treated waste water; TRWW is treatment 
rate of waste water; UWW is urban waste water; 
GRUWW is generation rate of urban waste water; 
UWD is urban water demand; UTWW is urban 
treated waste water, TTWW is total treated waste 
water; RS is reclaimed water supply; RR is reuse 
rate.    

 

 
FIGURE 7 

Reclaimed water reuse system 
 
Based on the above-mentioned components 

and subsystems, the Tianjin water supply and 
demand system can be established and shown in 
Figure 8. In this paper, Tianjin administrative 
boundary is the system boundary, simulated time 
period from 2005 to 2030 (the years of 2005-2012 
and 2013-2030 were used as the calibration and 
forecast periods, respectively). Data and 

, 

2012 were regarded as the main economic and social 
development data sources in the verification period. 
Comparatively, data of 
regarded as the main data in the forecasted period. 
Data of 2005 to 2012 was used to verify the total 
water supply, water demand, and domestic, industry, 
agriculture, and water demand by ecosystems in the 
city. The errors of the volume of water resources 
supply and demand between reality and simulation 
in Tianjin during 2005-2012 are as followed (Table 
1). 

As can be seen from Table 1, water supply, 
water demand simulation relative error is less than 
10%, of which relative error of water demand in 
2011 is the largest (12.47%), within the range of 
reasonable error. Simulate results is satisfying. 
Water demands by agricultural and ecological 
sectors are represented through table function, the 
error is zero. Otherwise, domestic and industrial 
demands in 2008, and industrial demand in 2009 
have relatively large errors. In addition, domestic 
demand, industrial demand, agricultural demand and 
ecological demand relative error is generally less 
than 5%, the simulation result is better. Therefore, 
the model can be used to water shortage warning 
analysis of Tianjin. 
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FIGURE 8 

Water supply and demand system 
 

TABLE 1 
The errors of the volume of water resources supply and demand between real and simulation in 

Tianjin over 2005-2012. 
 

Time 
The real amount of 
water supply and 
demand /108m3 

Simulation value 
of water supply 
/108m3 

Relative error 
of water 
supply 

Simulation value 
of water demand 
/108m3 

Relative error 
of water 
demand 

2005 23.10 22.65 1.95% 21.64 6.32% 
2006 22.96 22.52 1.92% 21.27 7.36% 
2007 23.37 22.67 3.00% 21.61 7.53% 
2008 22.33 21.99 1.52% 20.51 8.15% 
2009 23.37 23.06 1.32% 22.02 5.78% 
2010 22.42 22.04 1.69% 20.50 8.56% 
2011 23.10 22.52 2.51% 20.22 12.47% 
2012 23.13 22.68 1.95% 21.82 5.66% 

 
 

 

RESULTS AND DISCUSSION                

The total water demand by socioeconomic 
sectors and ecosystems can thus be presented by the 
following equation:  

          D AD DD ID ED RS (5) 
 
where D is total water demand in socioeconomic 
system, AD is agricultural water demand, DD is 
domestic water demand, ID is industrial water 
demand, ED is water demand by ecosystems, and 
RS is reclaimed water, including agricultural reuse 
water, domestic reuse water, industrial reuse water, 

ecological reuse water. 
Thus, a coefficient can be defined as follows:  

   /  SDR TS D  (6) 

where RSD is the supply-demand ratio. 
Based on it, a five-level, color-coded water 

of RSD (Table 2). 
The amount of water supply, water demand and 
supply - demand ratio during 2005-2030 were 
simulated by Stella (Figure 9). Specific data was 
listed in Table 3.  

DD

RS

total population 
annual growth rate

rural population

ID

reuse rate

total treated waste water

urban treated waste water

urban waste water

~

generation rate of
urban waste water

~

treatment rate of  waste water

urban water demand

industry  treated waste water

industry  waste water

~

generation rate of  
industry  waste water

~

reuse rate bef ore 2013

urban water demand

urban population

urban population water quota

annual increased amount of  
urban population water quota

urban population quota 
annual reduction rate

urban annual 
increased  population

urban population growth rate
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rural population water quota

annual increased amount of
rural populattion water quota

rural population quota 
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~
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other water supply
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10000RMB Yuan af ter 2012
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ecological env ironment 
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FIGURE 9 

Water supply, water demand and supply - demand ratio change curve water demand and  
supply - demand ratio 

  
TABLE 2 

Responses to water shortage alert level and signal. 
 

Alert 
level 

Signal Standards Description 

Safety Green RSD  
Water supply would be sufficient for meeting 
water demand 

Level 
IV 

Blue (D  ED) / D < RSD < 1 
Water supply can meet ecological flow 
requirement. 

Level 
III 

Yellow 
(AD + DD  AR  DR) / D < 
RSD < D  ED) / D 

Water supply is less than industrial water 
demand and ecological flow. 

Level II Orange 
(DD  DR) / D < RSD < (AD 
+ DD  AR  DR) / D 

Water supply 
industrial and agricultural water demands. 

Level I Red RSD < (DD  DR) / D 
Water supply is not even enough for the 
domestic water demand. 

 
TABLE 3 

The simulation results of water supply, water demand and supply - demand ratio.
Year RSD Water supply(m3) Water demand(m3) 

2005 1.05 22.65     21.64 
2006 1.06 22.52 21.26 
2007 1.05 22.67 21.59 
2008 1.08 21.99 20.49 
2009 1.06 23.06 21.97 
2010 1.09 22.04 20.45 
2011 1.13 22.52 20.16 
2012 1.05 22.68 21.73 
2013 1.06 23.42 22.28 
2014 1.07 24.24 23.04 
2015 1.43 33.65 23.93 
2016 1.3 34.46 26.95 
2017 1.28 35.28 28.11 
2018 1.26 36.09 29.43 
2019 1.23 36.9 30.92 
2020 1.2 37.72 32.61 
2021 1.16 38.53 34.51 
2022 1.12 39.34 36.67 
2023 1.08 40.15 39.1 
2024 1.03 40.97 41.84 
2025 0.99 41.78 44.94 
2026 0.94 42.59 48.42 
2027 0.89 43.41 52.35 
2028 0.84 44.22 56.78 
2029 0.79 45.03 61.78 
2030 0.74 45.85 67.4 
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Because simulation results of Stella model 
depend on the selected formula, parameter and 
initial conditions, different parameters affect the 
performance of the models. To determine the impact 
factors which have greater influence on the amount 
of water supply and demand during 2013-2030, it is 
necessary for the model to sensitivity analysis. In 
this paper, we selected total population annual 
growth rate (TPAGR), urban population annual 
growth rate (UPAGR), urban population water quota 
annual reduction rate (UPWQARR), rural 
population water quota annual reduction rate 
(RPWQARR), annual reduction rate of industrial 
water use per 10,000 RMB Yuan output value 
(ARRIWP), the proportion of newly increased 
supply by the ecological demand in 2030 (PNISED) 
as test parameters of sensitivity. Parameter value to 
be tested were divided into three levels, the 
parameters were set to the interval (0, 0.1), (0, 0.1), 
(- 0.1, 0), (- 0.1, 0), (- 0.1, 0) (0.2, 0.6). Its outputs 
are shown in Figures 10 to 15.  

 

 
FIGURE 10 

Total population annual growth rate sensitivity 
analysis 

 

 
FIGURE 11 

Urban population annual growth rate sensitivity 
analysis 

 

 
FIGURE 12 

Urban population water quota annual reduction 
rate sensitivity analysis 

 

 
FIGURE 13 

Rural population water quota annual reduction 
rate sensitivity analysis 

 

FIGURE 14 
Annual reduction rate of industrial water use per 

10,000 RMB Yuan output value sensitivity 
analysis 

 

 
FIGURE 15 

The proportion of newly increased supply in 
the ecological demand in 2030 sensitivity analysis 

 
A series of sensitivity analysis was conducted 

input parameters and their combinations. To 
quantify the sensitivity analysis, a concept of 
sensitivity degree can be defined as follows: 

t

t

t

t
Q X

X

Q

Q
S                  (7) 

where t is time, Q(t) denotes system state at time 
t, X(t) represents system parameter affecting the 
system state at time t, SQ is sensitivity degree of state 
Q to parameter X, and nQ(t) and nX(t) denote 
increments of state Q and parameter X at time t, 
respectively. For the n state variables (Q1, Q2, , Qn), 
the general sensitivity degree of a parameter at time t 
can be defined as follows: 
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i
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n
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1
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where n denotes a number of state variables; SQi is 
sensitivity degree of state Qi; and S is general 
sensitivity degree of the n states to the parameter X 
[18]. The result of the sensitivity degree analysis is 
shown in Figure 16.

 

 
FIGURE 16 

Results of sensitivity analysis 
 
As shown above, water demand would be 

industrial water use per 10,000 RMB 
Yuan and the total population 

. It would be comparatively less sensitive to 

f newly increased water 
supply by the ecological demand 

analysis, considering multiple factors mentioned 
above, four scenarios were considered to assess 
potential water shortage risks under socioeconomic, 
population, and ecological conditions and 
development trend in Tianjin. In detail, these four 
scenarios were described as follows: 

Scenario I: Under this scenario, the planning 
water transfer amounts under multiple water transfer 
projects will be considered in this city. According to 
the planning schemes, the second-stage of east route 
of South-to-North water transfer project will be 
completed in 2017. At that time, 0.5 billion m3 water 
will be added to Tianjin. The third-stage of the east 
route will increase the transfer capability and 1 
billion m3 more water will be transferred to Tianjin 
in 2022. To maintain economic growth, the 
increased rate of industrial output will be assumed as 
19% under this scenario. The rest of parameters 
remain the original values;  

Scenario II: 
, the total population in the city would 

be 13.5 million in 2020. Among them, the amount of 
urban population would be 12.1 billion. According 
to this plan and the current population situation in 
this city, the growth rates of the total and urban 
population would be zero. At the same time, 
according to National Integrated Water Resources 
P , over 40% of the increased water supply 
will have to be used for ecosystems. Thus, under this 

scenario, 50% of the newly increased water supply 
was assigned to local ecosystems;  

Scenarios III: According to the 
Industrial Layout P , the total industrial 
output would be over 6 trillion RMB Yuan in 2020. 
At the same time, the annual growth rate of the 
industrial sector would be over 14%. Thus, annual 
industrial growth rate under this scenario was 
assigned to 14% in this research. Correspondingly, 
the annual reduction rate of the industrial water use 
per 10,000 RMB Yuan  was changed 
from 5 to 6%. In terms of water quota by the rural 
population, 50 L per day per person was adopted in 
this research based on the Tianjin Municipal Water 
Quota by Agriculture (DB12/T 159 2003) . Since 
the current water demand by rural population is 
comparatively high (approximately 98 m3 per day 
per person), annual reduction rate of 3.5% was 
assigned to the water demand quota by rural people 
over 2013 to 2030;  

Scenarios IV: In order to reflect comprehensive 
impacts of various policies upon the water system in 
Tianjin and evaluate water shortage risks by human 
beings and ecosystems, a scenario was developed in 
this research containing the above-mentioned 
parameter determination. That is, a) the total and 
urban annual population growth rate would be 0, b) 
rural population water quota annual reduction rate 
would be 3.5%, c) the water utilization rate among 
newly increased water supply would be 50% by 
ecosystems, d) annual industrial growth rate would 
be 14%, and e) annual reduction rate of the 
industrial water use per 10,000 RMB Yuan output 

 would be 6%. Thus, the comprehensive 
impacts of these policies can be reflect and 
considered. Correspondingly, the risks under this 
scenario would represent an extreme event under 
multiple policy intervention in this city. 

According to the 2005-2012 development 
patterns, if take no measures to change, the  
simulation results show that water shortages will be 
ahead of the arrival in 2025.We simulate four 
scenarios from 2013 to 2030 by STELLA, The 
results of supply-demand ratio in each scenario are 
shown in Figure 17. 

 

 
FIGURE 17 

The results of supply-demand ratio in each 
scenario 

 
The supply-demand ratio is less than 1 means 

that Tianjin face serious water shortage crisis. 
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Scenarios I and II showed Tianjin would face water 
shortage crisis in 2029 and 2026 respectively. 
Scenarios III Tianjin would not face water shortage 
crisis in the forecast period through controlling the 
most sensitive parameter. Because of the south to 
north water transfer project, four change curve of 
each scenario shows a salient point in 2015. The 
change curve of Scenarios III declined more slowly 
than Scenarios I, II. It is indicated that just by 
improving water supply water transfer will not solve 
the underlying problem of water shortage, reducing 
industrial demand can improve the water efficiency 
effectively. 
Industrial Layout P annual 
industrial growth rate to 14% in the forecast period. 
It reduced the industrial water significantly. 
Scenario IV was integrated by above three scenarios. 
According to this development trend, the amount of 
water demand in 2030 is 4.28 billion m3, the amount 
of water supply in 2030 is 6.09 billion m3. There is 
no water shortage crisis. Water demand change 
curve of different sectors in Tianjin during 
2013-2030 are shown in Figure 18. 

 

 
FIGURE 18 

Water demand change curve of different sectors 
in Tianjin during 2013-2030 

 
 

CONCLUSION                             
 
In this paper, a water-shortage early warning 

system was developed based on the platform of 
Stella. Such a system can: a) effectively reflect 
complicated interactions among multiple 
components and sectors of water systems through a 
series of water balance equations, b) incorporate 
variations in water demands by socio-economy and 
ecosystems and reflect impacts of water shortage on 
both human societies and ecosystems, and c) 
provision of comprehensive results for supporting 
decision-making in the city of Tianjin under 
consideration of multiple water transfer scenarios. 
The application results indicated that Tianjin did not 
face serious water shortage crisis currently. 
Sensitivity analysis was conducted for a number of 
factors that were major contributors to affect water 
supply and demand in the city of Tianjin. Among 
many factors that affected water supply and demand, 
the degree of water shortage was sensitive to 
industrial water use per 10,000 RMB Yuan output 

 and and was 

comparatively less 
 and the proportion 

of newly increased supply by the ecological demand 
Also, it was 

 
According to the status of water resources 

development in Tianjin, in order to further adjust the 
allocation of water resources and thus maintain the 
sustainable development of water resources, several 
scenarios were developed. Under scenario IV in 
2030, water supply is 6.09 billion m3, water demand 
is 4.28 billion m3, Rsd is 1.50. Water demand of 
various departments: domestic demand is 0.26 
billion m3, agricultural demand is 0.82 billion m3, 
ecological demand is 1.35 billion m3, industrial 
demand is 1.85 billion m3.  

Compared with the natural development model, 
water demand fell by 36.5%, the value of Rsd was 
doubled , domestic, agricultural, ecological, 
industrial demand developed from 15: 25: 23: 37 to 
6: 20: 32: 42. The proportion of domestic and 
agricultural demand reduced significantly. As a 
general conclusion, if we want to ensure adequate 
water resources to support economic development of 
Tianjin in 2030 or in the near future, we should 
control the speed of population growth; improve 
industrial water efficiency, encourage low 
water-industrial enterprises; emphasis on resource 
conservation and ecological environment protection, 
strengthen water-saving publicity and enhance 
people's awareness of water conservation; improve 
industrial wastewater treatment rate, increase the 
efficiency of industrial wastewater reuse. At the 
same time, water resource system has complexity 
and uncertainty characteristics. To further reveal the 
changes under future scenarios, it should also be 
required to fully consider the impact of changes in 
the economic structure, policy, science and 
technology, climate and other factors on the quantity 
and quality of water resource in Tianjin. 
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ABSTRACT 

Both overuse and misuse of lands in Turkey 
have resulted in loss of vegetation cover and in-
creasing soil erosion, causing extensive areas to 
become unproductive. The degree of degradation 
may reach more serious stages when climatic, 
topographic and socio-economic limitations are 
present in these areas. For example, most of the 
lands within the Central Anatolia Region have been 
facing serious degradation -arid 
climate, resulting application of many afforestation 
and reforestation projects to reestablish vegetation 
cover and improve degraded soil properties. How-
ever, there is a lack of scientific research on how 
these rehabilitation efforts affecting soil character-
istics in such lands. Thus, in this study, a land de-
graded by erosion mostly due to over/heavy grazing 
near oba Village in Ankara was investigated to 
determine if afforestation efforts have provided any 
positive effects on soil properties. For this purpose, 
total of 60 soil samples were randomly taken at 
0-30/30-60/60-90 cm depths in afforested and un-
treated sites. Soil samples were analyzed for texture, 
organic matter, pH, lime, total nitrogen, plant 
available phosphorus, electrical conductivity (EC), 
field capacity, wilting point and available water. 
Overall, except for clay content and EC, the results 
indicated that afforestation efforts resulted in better 
soil properties. For example, soil OM increased 
from 1.12% in untreated site to 1.61% in afforested 
site while the pH dropped from 8.08 to 7.68, in un-
treated and afforested sites, respectively. Similarly, 
the mean values of total nitrogen, plant available 
phosphorus, field capacity and available water were 
also improved in the afforested site. 

 
 

KEYWORDS: 
Semi-arid region, land degradation, soil properties, affor-
estation efforts 

 
 
 
 

INTRODUCTION 

The natural forest and grassland areas, partic-
ularly in arid/semi-arid regions, of Turkey have 
been continuously shaped by human-induced im-
pacts (clearing or converting of forests and grass-
lands, overgrazing, urbanization, etc.) and natural 
causes (e.g. weather, fire), negatively affecting their 
key ecological cycles of energy, water, and nutrient 
at different levels (1, 2, 3, 4). Erosion intensity, 
nutrient uptake, and physical, chemical and biolog-
ical soil features can be particularly impacted when 
natural vegetation cover is damaged (5, 6, 7). Liter-
ature shows that approximately 1780 million ha of 

different 
ways and degrees (8, 9) and in the last 150 years, 
half of the topsoil on the Earth has been lost mostly 
due to erosion (10). In addition, the ongoing popu-
lation increase, particularly in develop-
ing/undeveloped countries, has reduced per capita 
arable land, resulting in soil overuse and degrada-
tion. In such situations, afforestation is considered 
as a reliable way to conserve soil (11). For example, 
China has successfully increased the proportion of 
its forest cover from 16.6% to 18.2% with affor-
estation efforts since 2000 (12). 

As for Turkey, because almost half (%47) of 
the forest areas (10.1 million ha) are considered as 
unproductive and/or degraded, National Afforesta-
tion and Erosion Control Mobilization Plan (NAAP) 
was put into practice in order to rehabilitate over 3 
million ha arid and semi-arid land with afforesta-
tion, reforestation, and erosion control efforts (13, 
14, 15). In fact, such practices improve the general 
soil structure through increasing soil organic matter 
and nutrient contents (16, 17), which, in turn reduce 
soil loss, increase productivity, and provide better 
habitat for wildlife (18, 19). However, there is a big 
gap of scientific data regarding the follow-up re-
search on success rate and/or effectiveness of these 
efforts in Turkey. Therefore, the objective of this 
study was to investigate how selected soil proper-
ties were affected in a 14 year-old afforested 
(planted in 1997) land in semi-arid pasturelands 
near Ankara. 
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MATERIALS AND METHODS 

The research site is located   - 39° 
 - near 

Sar Ankara, the capital of 
Turkey (Fig. 1). Climate type is semi-arid with 300 
mm and 12 °C mean annual precipitation and tem-
perature, respectively. Elevation ranges from 700 m 
to 800 m.  

 

 
FIGURE 1 

 General view of the study area with research 
sites and sampling points 

 
The research area is mostly covered with 

rangelands and/or pasturelands and has gently roll-
ing hills and moderately steep terrain with slope 
ranging from 11% to 14%. The flora of the region 
is characterized as typical steppe vegetation with 
species of Festuca valesiaca, Poa bulbosa, Bromus 
tomentellus, Thymus spyleus, Globularia orientalis, 
Artemisia santonicum, Onobrychis armena, Stipa 
lagascea, Aegilops ovata (20). 

In these severely degraded pasturelands, a 
1.03 ha area was chosen for afforestation project by 
the Directorate of Regional Forestry in 1997. The 
ripping was applied as mechanical soil treatment up 
to 80 cm to increase the physical depth of the soil to 
provide better survival conditions for the seedlings. 
Seedlings of over a dozen different species, mostly 
acacia, almond, black pine, cedar, and oak were 
planted while an untreated area in the close proxim-
ity with similar topographic features was deter-
mined as control site for comparison. 

The oldest geologic formation of the region is 
characterized as Trias metamorphics while the 
youngest ones are formed by old/current alluvial 
depositions (21). The major soil groups in Ankara 
are brown, reddish brown and non-calcic brown 
forest soils and the research site is characterized 
with brown soils. 

Ten soil pits (80 cm wide, 180 cm long, 90 cm 
deep) were dug in each site and a total of 60 soil 

samples were collected at three depths (0-30 cm, 
30-60 cm and 60-90 cm) for texture, organic matter, 
pH, lime, total nitrogen, plant available phosphorus, 
electrical conductivity (EC), field capacity (FC), 
wilting point (WP), and available water capacity 
(AWC) analyses at the laboratory of the Central 
Anatolia Forestry Research Center in Ankara. The 
methods used for analyzing the soil properties were 
as follows; the soil texture was determined by 
means of the Bouyoucos hydrometer method and 
texture triangle (22); the amount of soil organic 
matter (SOM) was calculated according to the 
Walkley Black wet combustion method (23); soil 
acidity (pH) was determined by measuring via dig-
ital pH meter (WTW pH 330i/SET) in a 1/2.5 
soil/distilled water solution (24); the lime content of 
the soil samples were measured using a calcimeter 
unit according to the Scheibler method (25); the 
measurements of total nitrogen in the soil samples 
were done based on the Semi-micro Kjeldahl 
method (24, 26); the amount of plant available 
phosphorus (P2O5) was determined according to the 

-20D spectropho-
tometer (24); the EC values in saturated soil ex-
tracts were measured using Conductivity Bridge 
instrument according to the conductometric method 
(24); the soil moisture equipment was used to de-
termine both FC and WP whereas the difference 
between these two were recorded as available water 
capacity (AWC) (27). 

The statistical design was randomized blocks 
design with two experiment sites (afforested and 
non-forested) representing the blocks. Within each 
block, locations for 10 soil pits were randomly 
chosen. One-way analysis of variance (ANOVA) 
was conducted to investigate differences between 
the two sites and three depths. The means with dif-
ferences were subjected to the Duncan test (p<0.05) 
to obtain the degree of significance and grouping 
between the treatments. The SPSS (version 11.5, 
IBM Corporation, Armonk, New York) and the JMP 
software packages (version 5.1, IBM Corporation, 
Armonk, New York) were used in data analysis. 

 
 

RESULTS AND DISCUSSION 

Overall, statistically significant differences 
were observed between afforested and untreated 
(control) sites for all soil properties except for clay 
content and EC (Table 1). These results are clearly 
indicating that the afforestation efforts have im-
proved most of the soil properties analyzed in this 
study and the data gathered from this research 
should be encouraging for similar efforts taking 
place on combatting soil erosion and desertification 
of lands in Turkey. The details regarding how 
14-year afforestation practices change selected soil 
properties are given and discussed below.
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TABLE 1 
Comparison of the mean values for the soil properties between afforested and untreated sites 

after 14 years. 
 
 
 
Sites: 

Soil Properties 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

pH Lime SOM 
(%) 

TNC P EC F C  W P A W C 

Afforested 49.26b* 20.76a 29.94a 7.67b 4.75b 1.61a 0.08a 15.03a 0.54a 17.92a 10.30a 7.62a 

Untreated 53.51a 17.91b 28.75a 8.09a 8.25a 1.12b 0.06b 11.75b 0.57a 14.59b  8.09b 6.51b 

 *Different letters indicate statistical significances at the levels of P<0.05. 
 
 
Soil Texture: In terms of particle size distri-

bution, the mean clay amount was detected as  
30.05% in the soils taken from the afforested site 
whereas it was lower (28.98%) in the untreated area 
but this difference was not statistically significant 
(p>0.05) (Table 1). It is a well-known fact that, over 
time, the fine particles -especially clay- are carried 
downslope and/or into lower soil horizons in areas 
with serious soil erosion problems. Therefore, it can 
be stated that similar outcomes have emerged for the 
degraded land in this study as erosion due to over-
grazing caused the clay particles to be washed-down 
to the lower parts of the soil. However, the results 
also showed a slight improvement for clay amount 
as it was increased a little because of the afforesta-
tion efforts providing plant cover to keep the soil in 
place. Many studies have stated that clay amount is 
directly associated with sufficient plant nutrients and 
high water-retention capacity in soil. For example, 
Kalay (28) found a statistically significant relation 
between actual forest site class (yield or growth) and 
clay amount in a research conducted in the oriental 
spruce forest. In a study performed by Günlü et al. 
(29) in Artvin Genya Mountain region to determine 
the relations between the fertility of pure oriental 
spruce (Picea orientalis (L) Link.) stands and some 
edaphic and physiographic factors, important and 
significant relations were found between actual 
fertility (site class) index and clay amount. Kalay et 
al. (30) found that clay amount in soil positively 
affected Turkish pine (Pinus brutia) growth in size. 
In this study, the results revealed that clay amount 
showed an inconsistent trend with depth in both 
experiment sites and these variations were not sta-
tistically significant (Figure 2a). Williams et al. (32) 
researched soil characteristics and fertility changes 
on a 4% slope land and determined that clay content 
increased by depth. Also, Gürlevik et al. (33) found 
that clay ratio increased with depth, upon examina-
tion of the results from control parcels. 

According to the results, the average silt 
amount was 20.87% in the soil of the afforested site 
compared to 17.24% in the untreated land and this 

increase, as shown in Table 1, was also statistically 
significant (p>0.05). As in the case of sand and clay, 
it is expected that a soil should contain a certain 
amount of silt since it plays a vital role with clay on 
the fertility as well as water holding capacity of 
soils. Significant increase in the mean silt amount 
after 14 years is a clear indication of vegetation 
cover protecting both silt and clay particles in the 
soils. The mean silt values varied with depth with 
no clear trend and they did not result in any statis-
tically significant differences (Figure 2b). 

The results revealed that the mean sand 
amounts were 48.97% and 53.44% in the soils of 
the afforested and untreated sites, respectively, and 
this difference was statistically significant (p<0.05) 
(Table 1). The main reason for this outcome can be 
associated with the fact that when clay is washed 
away from the top soil by erosion process, relative-
ly larger soil particles -particularly sand- are left in 
the upper layers of soils as in the untreated site of 
this study. On the other hand, both surface vegeta-
tion and associated underground biomass created by 
afforestation efforts can be very effective in pre-
venting erosion by keeping the fine particles (clay) 
and reducing the ratio of sand amount in soils, as in 
the afforested site. Similar findings were reported 
from previous studies (31, 34) as they found that 
soil cultivation and erosion might have caused the 
reduction of sand in the acacia forestation area. As a 
matter of fact, it is stated in many researches that 
cultivation changes physical soil characteristics (35, 
36, 37). The assessment on soil depth revealed that 
the sand amount showed statistically insignificant 
variations at each depth level for both sites (Figure 
2c). In a similar study, statistically significant dif-
ferences were found for sand values as they showed 
an increasing trend between soil layers in the area 
afforested with acacias (34). 

When looking at the pairwise correlations be-
tween the analyzed soil properties, it can be seen 
that the fractions (sand, silt and clay) of soil texture 
showed various interactions especially with FC, 
PWP and AWC amounts (Table 2).  
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FIGURE 2 
Differences between the mean amounts of sand (a), silt (b) and clay (c) among three depth layers 

 in the soils of both the afforested and untreated research sites 
 
 

FIGURE 3 
Differences between the mean amounts of pH (a), lime (b) and SOM (c) among three depth layers  

in the soils of both the afforested and untreated research sites 
 
Soil Acidity (pH):  The results showed that 

pH was 7.67 in the afforested site whereas it was 
8.09 in the untreated site and the differences were 
significant (Table 1). Additionally, it was revealed 
that there is a statistically significant increase in pH 
values when evaluated in terms of each depth layer 
(Figure 3a). 

According to the research results, a statistical-
ly significant (p<0.05) decrease (7.67) was ob-
served in pH with afforestation efforts compared to 
the untreated site (8.09). This finding can be closely 
related to the afforestation practices because in-
creasing vegetation cover on the degraded land with 
time might have produced more litter to the forest 
floor. A well-known fact is that when SOM amount 
in soil increases mainly due to the process of litter 
decomposition, it forms organic acids to reduce soil 
acidity (38, 39). In a similar study, Jonston et al. (40) 
found that soil pH was reduced while SOM amount 
was increased as a result of the afforestation prac-
tices in an agriculture area. The pairwise correlation 
also approved that there is a close negative relation 
at the p<0.01 significance level between pH and the 
SOM (-0,6785) in this study (Table 2).  

 
Soil Lime Content: 4.75% lime was detected 

in the soil of the afforested land while it was 8.15% 
in the untreated site and the difference was statisti-
cally significant (p<0.05). In addition, it was deter-
mined that the lime content was significantly lower 
in the afforested site than the untreated site as depth 
increases (Figure 3b). Previous studies reported that 
the high lime content in soil makes it difficult to get 
useful micro elements, particularly phosphorus and 
zinc (41, 42). Besides, soil pH also increases as lime 

amount increases. In soil with high lime content, 
plants become pale due to lack of iron, named lime 
chlorosis (43). In terms of plant nutrition, it is also 
unfavorable to have very low lime amounts as well 
as high amounts. Also, calcium carbonate in soil 
increases soil balling, biological activity and makes 
it difficult to wash the soil profile. 

 
Soil Organic Matter (SOM) Content: It was 

detected that the mean SOM in the soils of the af-
forested site was 1.62% compared to 1.12% in the 
untreated area and this difference was statistically 
significant (p<0.05), indicating that SOM amount 
increased with the afforestation efforts. Also, in 
terms of depth, it was found that the top layer (0-30 
cm) had significantly higher SOM than lower layers 
(Figure 3c). In addition, it was detected that the 
SOM amount was higher in topsoil for both affor-
ested and untreated areas (Table 1), mostly associ-
ated with the accumulation of plant remains in top-
soil, microorganism activities, and the preservation 
of soil temperature and humidity due to forestation. 

In previous studies, while Göl (44) determined 
that SOM content of natural forest soil is higher 
than all other utilization/arable soil types, Atmaca 
(45) reported that afforested areas were richer than 
controlled parcels in respect to SOM amount. Sim-
ilarly, Jonston et al. (40) found that SOM amount 
increased as a result of the forestation of agriculture 
areas whereas Zengin (46), Williams et al. (32) and 
Yüksek et al. (34) stated that the SOM amount de-
creases with depth as they reported that the upper 
parts of soils are usually richer in SOM amount 
compared to lower layers. 
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TABLE 2 
Pair-wise correlations between soil properties of the afforested site in the study area. 

 Sand Silt Clay pH Lime SOM TNC P EC FC PWP 

Silt -0,3206*           

Clay -0,7184 -0,4286          

pH  0,2250 -0,0902 -0,1484         

Lime  0,1432 -0,4247  0,1753  0,6218        

SOM -0,0312 -0,0302  0,0520 -0,6785 -0,5484       

TNC -0,0315 -0,0303  0,0523 -0,6779 -0,5476 1,0000      

P -0,1802  0,0556  0,1311 -0,8083 -0,6982 0,8396 0,8387     

EC -0,0158 -0,2363  0,1918 -0,1408  0,0818 0,1953 0,1961 0,1835    

FC -0,3494  0,2322  0,1628 -0,5885 -0,5632 0,2911 0,2907 0,4662 -0,0004   

PWP -0,5135  0,1743  0,3617 -0,5450 -0,4384 0,1697 0,1698 0,3833  0,0126 0,8127  

AWC  0,0113  0,1871 -0,1482 -0,3539 -0,4357 0,2915 0,2908 0,3369 -0,0154 0,7336 0,2002 

*Correlations written with bold fonts are significant either at p<0.05 or at p<0.01 
 
 

 
FIGURE 4 

Differences between the mean amounts of total N (A), plant available P (B) and EC (C) among three depth 
layers in the soils of both the afforested and untreated research sites 

 
Total Nitrogen Content (TNC): The results 

showed an increase in soil TNC amount in the af-
forested area (0.081%) compared to the untreated 
area (0.056%), a difference that was statistically 
significant (p<0.05) (Table 1). Moreover, it was 
detected that the TNC amount was higher in topsoil 
of both afforested and untreated research sites and 
that difference was also statistically significant be-
tween layers (Figure 4a). The main reason can be 
associated with the accumulation of plant remains 
and higher microorganism activities on topsoil, 
which was also confirmed by the pairwise correla-
tions since there was a close positive and significant 
relation between the SOM and both the TNC and the 
PAP contents (Table 2). Wang et al. (47), in their 
research conducted in China, detected that TNC and 
useful nitrogen changes substantially with various 
land use types and found that it was higher in forest, 
shrub and pasture lands compared to agriculture. In 
addition, Kalay (28) found statistically significant 
relations between forest site class (qualitative as-
sessment of economic productivity of a forest) and 
soil characteristics of both nitrogen in A1 horizon 
and TNC in B horizon. 

 
Plant Available Phosphorus (P): The results 

revealed that 15.06% phosphorus was detected in the 
soil in the afforested site while it was 11.76% in the 

untreated site and this difference was statistically 
significant (p<0.05) (Table 1). Nevertheless, it was 
also determined that the phosphorus amount de-
creased by depth and that this difference between 
sampling layers was also statistically significant 
(Figure 4b). The reason for having highly substantial 
amounts of phosphor at the afforested site and also at 
topsoil can be explained by the denser population of 
plant remains in topsoil providing organic phos-

48) stated that 58% of the 
soil in Turkey had lack of phosphorus. Moreover, 
Taban et al. (49) reported that 40% of the soil of 
Taskopru region was insufficient in terms of phos-
phorus. According to the results of this research, it 
can be concluded that the lack of phosphorus in 
some soils around the country can be mitigated with 
forestation efforts. 

 
Electrical Conductivity (EC): The average 

EC percentage for this study was 0.56% in the soils 
of the afforested site while it was found as 0.58% in 
the untreated one with the difference between two 
sites being not statistically significant (p 0.05) (Ta-
ble 1). In terms of depth, a decrease in 0-30 cm, an 
increase in 60-90 cm, and no change in 30-60 cm 
were observed for the mean EC values between 
afforested and untreated sites (Figure 4c).  

As it is well known, EC is a criterion of the  
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FIGURE 5 
Differences between the mean amounts of field capacity (a), permanent wilting point (b) and available wa-

ter capacity (c) among three depth layers in the soils of both the afforested and untreated research sites 
 

salinity in soils and displayed very little change 
with the forestation efforts in this study. Soil with 
EC values higher than 4 dS m-1 is classified as sa-
line (50) and the mean values measured in this 
study was much lower than this limit, indicating 
that that there is no salinity problem in the area. 

 
Field Capacity (FC): As a result of the statis-

tical analyses, the average values of the field capac-
ity were found as 17.93% and 14.62% for the af-
forested and untreated sites, respectively, and this 
difference was statistically significant (p<0.05) 
(Table 1), indicating that the field capacity increased 
in the afforested soils. In addition, the assessment 
performed for three different depth levels revealed 
that average field capacity values of soil in affor-
ested areas increased in all three depths but these 
changes were not statistically significant (Figure 5a). 
In a similar study (34) comparing the soils of affor-
ested (with acacia) to barren lands, a statistically 

was reported at 10-20 cm depths. 
 
Permanent Wilting Point (PWP): The mean 

wilting point value was estimated as 10.35% for the 
soils within the afforested site whereas it was 8.12% 
in the untreated site and this difference was statisti-
cally significant (p<0.05) (Table 1). The assessment 
on soil depth revealed that there were increases in 
wilting point values at each depth level at the affor-
ested areas but this increase was not statistically 
significant (Figure 5b). Similarly, Yüksek et al., (34) 
recorded parallel outcomes as the soils in the aca-
cia-afforested land showed an increasing trend 
among soil layers for the permanent wilting point. 

 
Available Water Capacity (AWC): As a re-

sult of the analyses performed, average value of 
available water capacity was found as 7.58% for the 
soils in the afforested site while it was estimated as 
6.50% for the soils in the untreated site and this 
difference was statistically significant (p<0.05) 
(Table 1), indicating that the plantation efforts posi-
tively affected the soil properties in the study area. 
As for the soil depths, it was revealed that as depth 
increases, the average available water capacity value 
also increases but this change was not statistically 
significant (Figure 5c). In addition, the pairwise 

correlation analyses indicated that better soil prop-
erties of the afforested area such as increased SOM, 
nutrients, and field capacity have caused higher 
values for the AWC (Table 2). The importance of 
AWC is a well-known fact especially for plant 
growth as Ozkan (51) stated that there are positive 
relations between stand top size and AWC values in 
his study conducted within a cedar protection forest. 

 
 

CONCLUSIONS 

Afforestation projects/efforts have been taking 
place in the degraded lands especially within the 
arid and/or semi-arid regions in Turkey. One of 
these afforestation projects was initiated in 1997 
within a 1.03 ha area 
rectorate of Regional Forestry. The analyses of the 
14th year data on some soil properties revealed that 
the afforested area had generally better soil charac-
teristics than the untreated area, indicating that the 
afforestation efforts have significantly played posi-
tive role on improving most of the selected soil 
properties. Since there is a large gap of scientific 
research and data on long-term results of afforesta-
tion efforts in the semiarid/arid regions in Turkey, 
the results of this study will help in closing this gap.    
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ABSTRACT 

This study aims to determine the diversity and 
abundance of zooplankton in Meriç River that 
forming a border between Greece and Turkey is the 
biggest river (539 km in length) in Balkan 
Peninsula. Samples were collected in monthly 
intervals between March 2011 and February 2012 
from eight different stations using a Hensen type 

samples were preserved in 4% formalin. Qualitative 
and quantitative analyses revealed the presence of 
85 taxa in total, including 52 taxa of Rotifera, 21 
taxa of Cladocera and 12 taxa of Copepoda. 
Rotifera presented the highest relative abundance 
(87 %) and density (739,13 ind./m3) followed by 
Copepoda (density of 85,48 ind./m3 and abundance 
of 10 %) and Cladocera (density of 29,16 ind./m3 

and abundance of 3 %). Thirteen environmental 
parameters were measured to determine the 
physicochemical of the river. 

 
 

KEYWORDS: 
Meric River, zooplankton, Diversity abundance 

 
 

INTRODUCTION 

Zooplankton plays a functionally important 
role in aquatic systems by consuming 
phytoplankton and bacteria or serving as prey for 
higher trophic levels [1]. The rate of nutrients 
recycled and the availability of zooplankton as food 
for planktivors depend on the species present. The 
zooplankton abundance is an indicator for 
eutrophication and pollution levels since abundance 
and composition of zooplankton are closely 
associated with water quality [2]. The abundance of 
zooplanktonic organisms in a water body is closely 
related to physicochemical features, predation, 
hydrology, submerged aquatic vegetation and 
amount of nutrients in water resource [3]. 
Zooplankton is an important component of 
biological communities in large rivers due to their 
high abundance and their ability to recycle nutrients 
throughout the aquatic environment [4]. 

It is believed that while zooplankton 
abundance reaches high values in lenthic habitats, it 
has lower abundance in river habitats due to their 

transportation to down by water flow [5]. However, 
there are studies reporting relatively high densities 
of zooplankton in both unregulated and regulated 
rivers. The flow regime of rivers is probably one of 
the most important factors affecting the abundance 
of river zooplankton. High flow rate generally 
reduces zooplankton density [6]. 

The Meriç River is the biggest river on the 
Balkan Peninsula with a catchment area more than 
53900 km2 (66 % in Bulgaria, 28 % in Turkey and 6 
% in Greece).  At the same time, it is a major river 
system forming the border between Greece and 
Turkey. So far, no study was performed on 
zooplanktonic organisms in the lower parts (185 km 
in length) of the river which forms the border with 
Greece and Turkey 

The present study aimed to examine the 
species composition and the seasonal and horizontal 
(longitudinal) variation in zooplankton community, 
as well as  the associational patterns between the 
environmental variables and zooplankton 
community density in the lower part of Meriç River 
(the section at 185 km).  

 
 

MATERIAL AND METHODS 

Study Area. The river is called Meriç in 
Turkish, Evros in Greek and Maritza in Bulgarian. 
Meriç (Evros, Maritza) in length of 539 km, is the 
longest river that runs solely in the interior of the 
Balkans. It flows in east and southeast direction 
across Bulgaria for 275 km, forms the Bulgaria
Greece border for 16 km, and then becomes the 
Greece Turkey border for another 185 km. In 
Edirne, it changes its direction, by flowing 
southward and then southwest to reach the Aegean 
Sea. It makes important wetlands between Greece 
and Turkey. In Turkey, major tributaries are the 
Arda River (in Greece), Tunca (Tundzha, in 
Bulgaria) and Ergene (in Turkey) Rivers.  

In this study, the part of 185 km of the river, 
forming Turkey-Greece border was considered and 
eight stations were chosen for sampling. These 
stations were determined by considering the other 
rivers and the streams joining to Meriç River and 
agricultural and residential areas (Figure 1). 

 
Station 1: This station was selected from the 

region where the river entered Turkey from 



© by PSP  Volume 25  No. 11/2016, pages 4598-4606  Fresenius Environmental Bulletin  

4599 

Bulgaria. This station has a fast water flow and is 
located at latitude 41o

26o  
 
Station 2: This station is located at latitude 

41o ngitude 26o

water flow. There are some textile factories around 
this location and factory wastes are discharged here.  

 
Station 3: In this station, Arda River joins to 

Meriç River and water flow is lower than 1st and 2nd 
stations. It is located at latitude 41o

longitude 26o  
 
Station 4: This station is in the centre of 

Edirne. City centre thus surrounded by a number of 
settlements. Domestic wastes of these settlements 
are discharged to this area. It is located at latitude 
41o o  

 
Station 5: At this station, Tunca River joins to 

Meriç River and water flow is fast. It is located at 
latitude 41o o  

 
Station 6: There are a lot of agricultural areas 

around this location. Water of the river is used for 
irrigation and water flow is fast. It is located at 
latitude 41o o  

 
Station 7: There are a lot of agricultural areas 

around this station like station the 6th. It is located at 
latitude 41o o  

 
Station 8: At this station, Ergene River joins 

to Meriç River and water flow is low. Water of the 
river is used for irrigation and it is located at 
latitude 40o59 o  

 

 
FIGURE 1 

Location of Meriç River and sampling stations. 
 
 
Sampling Methods. This study was carried 

out on a monthly basis between March 2011 and 
February 2012. The plankton samples were 
collected by filtering 70 Litre of water through a 

preserved with 4 % formalin. In the laboratory, 
samples were identified to species level and their 
counting was made according to Edmondson [7] by 
using an Olympus inverted microscope. Densities 

are presented as the number of individuals 
per cubic meter (ind./m3). The following references 
were reviewed to identify the specimens: [8, 9, 10] 
for Rotifera; [11, 12, 13] for Cladocera; [14, 15, 16] 
for Copepoda. 

Some physicochemical parameters, such as 
water temperature (measured by thermometer), 
conductivity (by Lovibond CM 35 of conductivity 
meter), pH (by Lovibond mark CG 837 of pH 
meter), dissolved oxygen (DO) (by Lovibond 3040 
of oxygen meter) were measured at time of 
sampling. To determine the other physicochemical 
and biological variables of the water, sampling was 
made by a Ruttner water sampler. The values of 
Magnesium (Mg), Calcium (Ca), Total hardness, 
Nitrate (NO3-N), Nitrite (NO2-N), Phosphate (PO4-
P), Sulphate (SO4) and Chlorophyll-a were 
measured photometrically and titrimetrically in the 
laboratory [17].  

Bray-Curtis Similarity index was used to 
examine the similarities of sampling months and 
stations according to diversity and abundance of 
zooplankton species [18]. Margalef Index was used 
to determine the species richness [19]. Shannon-
Weaver index was used to determine the species 
diversity of zooplankton organisms in Meriç River 
[20]. 

 
 

RESULTS AND DISCUSSION 

Physical and Chemical Variables. Thirteen 
environmental parameters were measured to 
determine the physicochemical characteristics of 
Meriç River. The minimum and maximum values of 
the physicochemical parameters measured in the 
river varied as follows: DO 3,01-7,27 (mg/L); 
BOD5 11,46-62,85; Chlorophyll-a 6,65-153,39 

-9,31; conductivity 295,6-685,3 
-29,7 (FSo); Mg 7,07-

28,6 (mg/L); Ca 41,87-71,63 (mg/L); NO3-N 0,683-
10,44 (mg/L); NO2-N 0,007-0,08 (mg/L); PO4-P 
0,02-0,227 (mg/L); SO4 0,07-2,873 (mg/L) and 
water temperature 4,31-28,3 (oC) (Figure 1). The 
results were compared by National Standard for 
Turkish inland water. According to this, comparison 
temperature, pH, sulphate, phosphate, nitrate 
nitrogen were found at first quality level. In terms 
of dissolved oxygen the water was found at second 
quality level, nitrite nitrogen was found between 
first and second quality level, biological oxygen 
demand was found fourth quality level [21]. 

 
Zooplankton Community Structure. As a 

result of the examination of zooplankton samples a 
total of 52 taxa from Rotifera, 21 taxa from 
Cladocera and 12 taxa from Copepoda have been 
identified. In addition, Cyclopoid copepodites, 
Calanoid copepodites and Nauplius larva have been 
found. The list of these species is given in Table 1. 
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FIGURE 2 

Physicochemical parameters and Chlorophyll-a values of Meriç River during the sampling period. 
 

TABLE 1 
The list of Rotifera, Cladocera and Copepoda species and individual numbers annual in  

per m3 of Meriç River. 
ROTIFERA   Average number(Annual) ind/m3 
Anuraeopsis coelata (De Beuchamp, 1932) 2,13 
Anuraeopsis fissa  Gosse, 1851 14,50 
Brachionus angularis Gosse, 1851 21,38 
Brachionus bidentatus Anderson, 1889    24,75 
Brachionus budapestinensis Daday, 1885 11,75 
Brachionus calyciflorus Pallas, 1766 56,38 
Brachionus falcatus Zacharias, 1898 18,50 
Brachionus leydigii Cohn, 1862 33,38 
Brachionus plicatilis O.F.Müller, 1786 20,25 
Brachionus quadridentatus Hermann, 1783 47,63 
Brachionus urceolaris O.F.Müller, 1773 28,75 
Keratella cochlearis (Gosse, 1851) 40,38 
Keratella tropica (Apstein, 1907) 77,88 
Keratella quadrata (O.F.Müller, 1786) 70,13 
Kellicottia longispina (Kellicott, 1879) 0,88 
Notholca  acuminata (Ehrenberg, 1832) 1,13 
Notholca  squamula (O.F.Müller, 1786) 11,13 
Platyias quadricornis (Ehrenberg, 1832) 3,13 
Rotaria rotatoria (Pallas, 1766) 13,25 
Rotaria neptunia (Ehrenberg, 1832) 28,13 
Euchlanis incisa Carlin, 1939 21,00 
Euchlanis dilatata Ehrenberg, 1832 6,50 
Euchlanis deflexa (Gosse, 1851) 6,50 
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Euchlanis lyra Hudson, 1886 13,63 
Mytilina mucronata (Müller, 1773) 30,13 
Mytilina ventralis (Ehrenberg, 1832) 30,75 
Trichotria pocillum (O.F.Müller, 1776) 0,38 
Trichotria tetractis (Ehrenberg, 1830) 0,38 
Lepadella ovalis (O.F.Müller, 1786) 1,63 
Lepadella acuminata (Ehrenberg, 1834) 3,63 
Lepadella patella (O.F.Müller, 1786) 0,25 
Colurella uncinata (O.F.Müller, 1773) 12,88 
Colurella adriatica Ehrenberg, 1831 1,75 
Lecane bulla (Gosse, 1886) 4,00 
Lecane closterocerca (Schmarda, 1859) 2,38 
Lecane hastata (Murray, 1913) 6,38 
Lecane flexilis (Gosse, 1886) 0,50 
Lecane lamellata (Daday, 1893) 3,25 
Lecane lunaris (Ehrenberg, 1832) 2,50 
Lecane hamata (Stokes, 1896) 2,63 
Notommata copeus Ehrenberg, 1834 3,25 
Trichocerca tigris (O.F.Müller, 1786) 2,50 
Trichocerca bicristata (Gosse, 1887) 4,25 
Trichocerca capucina (Wierjeski & Zacharias, 1893) 0,88 
Trichocerca tenuior (Gosse, 1886) 1,50 
Cephalodella gibba (Ehrenberg, 1838) 0,38 
Synchaeta pectinata Ehrenberg, 1832 3,13 
Synchaeta oblonga Ehrenberg, 1831 16,13 
Polyarthra vulgaris Carlin, 1943 4,38 
Asplanchna priodonta Gosse, 1850 16,25 
Testudinella patina (Hermann, 1783) 4,88 
Ascomorpha ovalis (Bengendahl, 1892) 5,25 
CALDOCERA  
Diaphanosoma brachyurum (Lievin, 1848) 0,71 
Bosmina longirostris (O.F.Müller, 1785) 19,31 
Moina micrura  Kurz, 1874 0,74 
Moina brachiata  (Jurine, 1820) 1,18 
Daphnia magna  Straus, 1920 0,06 
Daphnia pulex  Leydig, 1860 0,74 
Daphnia longispina  O. F. Müller; 1785 0,79 
Simocephalus vetulus( O.F.Müller, 1776) 1,44 
Simocephalus exspinosus (Koch, 1841) 0,08 
Scapholeberis kingi  Sars, 1903 0,04 
Ceriodaphnia quadrangula (O.F.Müller, 1785) 1,15 
Ceriodaphnia reticulata (Jurine, 1820) 0,26 
Ilyocryptus agilis  Kurz, 1878 0,11 
Ilyocryptus sordidus (Lievin, 1848) 0,12 
Leydigia leydigi  Schoedler, 1863); 0,03 
Chydorus sphaericus (O.F.Müller, 1776) 1,94 
Monopsilus dispar  Sars, 1862 0,01 
Pleuroxus aduncus (Jurine, 1820) 0,30 
Alona costata  Sars, 1862 0,10 
Alona guttata  Sars, 1862 0,05 
Alona quadrangularis (O.F.Müller, 1785) 0,03 
COPEPODA  
Halicyclops neglectus  Kiefer,1935 0,31 
Cyclops vicinus  Uljanin, 1875 9,48 
Cyclops abyssorum  Sars,1863 3,71 
Acanthocyclops robustus (G.O. Sars, 1863) 4,87 
Acanthocyclops (Megacyclops) viridis (Jurine, 1820) 5,45 
Macrocyclops albidus (Jurine, 1820) 0,56 
Eucyclops serrulatus (Fischer, 1851) 2,93 
Thermocyclops crassus ( Fischer, 1853) 0,67 
Diacyclops bicuspidatus (Claus, 1857) 0,50 
Arctodioptomus wierzejskü (Richard, 1888) 4,29 
Nitocra hibernica  (G.S. Brady, 1880) 0,02 
Nitocra sp 0,01 
Nauplius 19,17 
Cyclopoid copepodites 26,97 
Calanoid copepodites 6,53 

Harpactacoid copepodites 0,04 
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FIGURE 3 
Abundance of zooplanktons according to groups 

in Meriç River (ind/m3). 

 
FIGURE 4 

Abundance of zooplankton 
(Cladocera,Copepoda,Rotifera) according to 

months in Meriç River (ind./m3). 

 
FIGURE 5 

Abundance of zooplankton 
(Cladocera,Copepoda,Rotifera) according to 
sampling stations in Meriç River (ind./m3). 

 
As a result of quantitative evaluation of 

zooplankton samples, while an average of 739,13 
ind./m3 Rotifera (87% ), 29,16 ind./m3 Cladocera 
(3%) and 85,48 ind./m3 Copepoda (10%) was found 
an average of 853,77 ind/m3 zooplankton organisms 

have been determined in Meriç River (Figure 3). 
While the species richness and abundance of 
Rotifera is always higher than that of Cladocera and 
Copepoda, Rotifera composition is typically 
dominated by only a few species [3]. In this study, 
Keratella tropic (77,88%), Keratella quadrata 
(70,13%), Brachionus calyciflorus (56,38%), 
Brachionus quadridentatus (47,63%) was found to 
be the dominant species (Table 1). Total abundance 
of zooplanktons according to the months and 
sampling stations are given in Figure 4 and 5. Total 
abundance of zooplankton was highest at stations8 
and 5 while it was lowest at station2. April was the 
month with the highest and November with the 
lowest abundance values. Meriç River provides 
suitable habitats for zooplankton development by 
forming wide wetlands and marshy areas around 
where they meet sea in 8th station, thus leading to an 
increase in this station. April is the month with the 
highest rainfall in Turkish Thrace. We conclude that 
organisms living in water bodies in connection with 
Meriç River are transported to the river during this 
month due to increasing water flow. 

Looking at the results of Bray-Curtis index, to 
compare the similarities of months according to 
abundance and diversity of zooplankton species 
identified in river, while the highest similarity was 
found between April-May (60,49%), and 
December-January (59,30%), lowest similarity 
(33,25%) was observed between August-November 
(4,95%) and April-November (7,43%) (Figure 6).  
The highest similarity between stations was found 
between station6-station7 (71,74%) and station5-
station7 (70,34%) and lowest similarity  was found 
between station2-station8 (35,40%) and station3-
station5 (39,92%) (Figure 7). 

 
According to the results of Margalef Index, 

while species richness is the maximum in 
November (96,75) and station2 (33,72), it has also 
the lowest value in April (40,226) and  station8 
(27,916). While Shannon diversity is the highest in 
February (1,469) and station2 (1,476), it has lowest 
value in November and station1.  According to 
Shannon diversity index, no significant differences 
in the species diversity between months and stations 
were observed. (Table 2 and 3) 

Rotifera were represented with 52 species. 
Brachionus calyciflorus, Keratella cochlearis, 
Notholca  squamula, Rotaria neptunia, Mytilina 
mucronata and Synchaeta oblonga were present in 
every month. Kellicottia longispina, Platyas 
quadricornis Trichotria pocillum, Trichotria 
tetractis  Lepadella ovalis, Lepadella patella, 
Trichocerca tenuior and Cephalodella gibba  were 
observed only in one month.
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FIGURE 6 
Bary-Curtis Similarity of zooplankton according to months. 

 

FIGURE 7 
Bary-Curtis Similarity of zooplankton according to sampling stations 

 
TABLE 2 

Species diversity and species richness values of zooplankton according to months. 

Index Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 
Shannon 

betw. 0-5) 1,378 1,271 1,411 1,281 1,365 1,109 1,271 1,052 1,17 1,362 1,388 1,469 
Margaleff 
(M) 
(unlimited) 55,512 40,226 41,021 41,297 46,23 40,846 48,194 62,119 96,75 64,741 74,21 63,044 

 
TABLE 3 

Species diversity and species richness values of zooplankton according to sampling stations 

 
Rotifers were found to be the dominant group 
throughout the study (Figure 3). Incidences of 
occurrence were low for all species. The highest 
value was found for Keratella tropica (77,88 
ind./m3) and Keratella quadrata (70,13 ind/m3), 
followed by Brachionus calyciflorus, Brachionus 
quadridentatus and Keratella cochlearis cochleari.  

 
The lowest values were measured for Kellicottia 
longispina, Trichotria pocillum, Trichotria 
tetractis, Lepadella patella, Lecane flexilis, 
Trichocerca capucina and Cephalodella gibba 
(Table 1). Rotifers represented 87% of all 
zooplanktons recorded from the Meriç River. The 
maximum number of rotifers were recorded at 

Index Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7 Station 8 

betw. 0-5) 1,392 1,476 1,415 1,283 1,451 1,464 1,442 1,449 
Margaleff (M) 
(unlimited) 30,985 33,72 31,48 30,567 28,429 30,571 29,651 27,916 
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station8 (1157 ind/m3) in August (141,18 ind/m3) 
and April (134,84 ind/m3) and the number was 
minimum at station2 (400 ind./m3) in November 
(7,66 ind./m3) (Figure 4 and 5).  Generally, the 
zooplankton community of the Meriç River was 
dominated by rotifers due to their parthenogenetic 
reproductive patterns and short developmental rate 
under favourable conditions [22], their 
morphological variations called cyclomorphosis and 
adaptations [23] and their ability to feed on 
different food varieties. 

Copepods were represented with 12 species 
and Cyclopoid copepodites, Calanoid copepodites 
and Nauplius larva have been found. 
Acanthocyclops viridis was determined in every 
month during the study period, Acanthocyclops 
robustus (8 months) and Cyclops vicinus, Cyclops 
abyssorum, Eucyclops serrulatus, Diacyclops 
bicuspidatus, Arctodioptomus wierzejskü (10 
months) followed it. Nitocra hibernica, Nitocra sp. 
were found only in one month. Copepoda was the 
second largest group of zooplankton representing 
10% of the total population of zooplankton. The 
reason for Copepoda to be high in number stems 
from Cyclopoid copepodites and Nauplius larvae.  
Maximum number of copepods were collected at 
station8 (13,49 ind./m3) during May (40,11 ind/m3), 
April (15,15 ind./m3).  The number was minimum 
in November (0,28 ind/m3) and at station1 (0,09 
ind./m3) (Figure 4 and 5). 

Cladocera was represented by 21 species.  
While Simocephalus vetulus was observed in every 
month, except June, Chydorus sphaericus  
Diaphanosoma brachyurum  Bosmina longirostris  
were seen in 11 months.  Monopsilus dispar in one 
month, Leydigia leydigi in two  months, 
Scapholeberis kingi  and  Alona quadrangularis 
were observed in three months. Cladocera 
represented 3% of the total zooplankton population. 
The Cladocera population was dominated 
numerically by Bosmina longirostris (19,31 
ind/m3). Other species were found with quite a few 
values (Table 1).  Cladocera was higher during June 
(12,02 ind/m3), April (4,1 ind/m3) and at station5 
(60,31ind./m3) and lowest during November (0,18 
ind/m3) and at station1 (2,48 ind./m3) (Figure 4 and 
5). The relatively low abundance of Cladocera and 
Copepoda was a result of the hydrodynamics of the 
river such as low water volume, short residence 
time, relative old age of the river and its 
morphometry. 

The species registered during the study, 
Brachionus calyciflorus, Brachionus 
quadridentatus, Brachionus angularis, Keratella 
cochlearis, Keratella quadrata, Notholca squamula, 
Lecane lunaris, Lecane bulla, Cephalodella gibba, 
Testudinella  patina, Daphnia longispina, 
Simocephalus vetulus, Bosmina longirostris, 
Pleuroxus aduncus, Chydorus sphaericus, Alona 
rectangular, Cyclops vicinus  Acanthocyclops 

robustus, Acanthocyclops (M) viridis and 
Nitocra hibernica  are reported to be found in many 
aquatic environments and are cosmopolite species 
having a wide distribution area [2,24,25,26], 
B.angularis, B. quadridentatus, K. cochlearis K. 
quadrata, N. squamula, L. patella, L. bulla, B. 
longirostris, A. rectangula, A. robustus, C. vicinus 
are known to be indicators of eutrophication by 
many researchers. These species are usually found 
in freshwater at temperate zone.  

Many studies on zooplankton were done in 
lotic and lentic system in Turkey and Balkan 
countries. The results of these studies indicated that 
the number of species and abundance of 
zooplankton varied among regions and ecological 
structures of the aquatic environment.  But, until the 
present, there is not a similar to study which is 
performed in Meriç River in Turkey. This study is 
compared to the study which is performed about 
zooplankton organisms in Turkey (Anatolia), [27] 
declared, 58 Rotifera 16 Cladocera and 15 
Copepoda taxa, 89 taxa in total in Asi River 
(Hatay). [28] Identified 48 Rotifera species, 14 
Cladocera species and 8 Copepoda species in 6 
different lotic systems (Ceyhan River, Seyhan 

Deliçay). [29] Found 12 of Rotifera, 18 of 
Cladocera and 6 of Copepoda species in rivers at 
North Aegean Region (Gediz River, Güzelhisar 

 
Water temperature and dissolved oxygen (DO) 

values are the most important factors affecting the 
abundance of zooplankton [30]. Increase in 
temperature has been associated with higher 
abundance and species diversity of zooplankton in 
aquatic ecosystems [31,32]. In the present study, 
water temperature varied between 4.31-28.3 oC. 

DO values were determined between 3.01-
7.27 mg/L. Depending on the water temperature 
and DO maximum abundance of zooplankton was 
found at the same time. An increase in water 
temperature in June, July, August and September, 
increased the abundance of species living in 
temperate conditions, such as Brachionus 
calyciflorus (7-26.1 °C), Brachionus 
quadridentatus (16.3-24 °C), Euchlunis dilatata 
(6.4-24 °C) [33]. Despite the fact that Cladocera 
were reported to tolerate dissolved oxygen 
concentrations below 1 mg/L [34], their feeding is 
considerably reduced at oxygen levels below 3 
mg/L [35]. 

The conductivity variation can be an important 
regulator of the structure of zooplankton 
assemblages, especially species diversity and 
number of species [36]. Most of the biological 
processes and biochemical reactions depend on pH, 
therefore it affects zooplankton distribution and in 
terms of pH, alkaline limit was reported to be 8.5 
[37].  According to the results of the present study, 
the main physicochemical conditions of the study 
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area were found suitable for life cycle of identified 
zooplankton populations. In addition, the results 
were compared by National Standard for Turkish 
inland water [21]. Water temperature, pH, SO4, 
PO4-P, NO3-N, were found at first quality level. 
Dissolved oxygen was at second quality level, NO2-
N was between first and second quality level and 
biological oxygen demand was at fourth quality 
level. 

It is clear from our present results that more 
zooplankton species were identified in Meriç River, 
when compared with other rivers in Turkey. One of 
the main causes is probably the width of the Meriç 
River basin and Arda River (in Greece), Tunca 
River (in Bulgaria) and Ergene River (in Turkey) 
joints to Meriç River.  Another reason is that Meriç 
River basin covers an area of more than 53 000 km2 
(Bulgaria, Greece and Turkey) and this area is 
associated with many streams, rivers, pools and 
agricultural areas. Waters rising in autumn and 
spring lead zooplankton organisms that live in these 
waters to drag to move in Meriç River. 85 of 
zooplankton species identified in Meriç River are 
also seen in Balkan countries. 
[4,38,39,40,41,42,43,44,45]. Therefore, 
zooplankton of Meriç river is similar to Balkan 
fauna. Consequently, studies of this type should be 
performed periodically in Meric River. We hope, 
this will be a base for further studies in the river.  
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ABSTRACT 

 
Converting waste into biochar (BC) is being 

considered as one of most potential waste disposal 
and resource recycling utilization options. And 
biochar has been recognized as an efficient 
adsorbent. In this study, adsorption behavior of 
atrazine on soils amended with biochars prepared 
from cassava waste at different temperatures (350 , 
550 , 750 ) was examined. Biochar was 
characterized via elemental analysis, surface area 
analyzer, FTIR and scanning electron microscopy 
(SEM). The biochar pyrolyzed at higher 
temperatures more quickly reached equilibrium, 
and the pseudo-second-order model described 
sorption kinetics well with the coefficients R2 above 
0.991. The Langmuir and Freundlich model 
simulated the sorption isotherms well, and the 
isotherms of MS350 displayed relatively linear, 
while MS550 and MS750 followed a nonlinear 
isotherm. Furthermore, thermodynamic analysis 
demonstrated that the adsorption of atrazine in 
biochar-amended soil was an endothermic and 
spontaneous process, and the primary sorption 
process was physical sorption. Atrazine sorption 
was also favored in acidic solution and under higher 
temperature conditions. This study constitutes a 
basis for further research considering the waste 
recycle utilization and the application of biochar to 
remove organic contamination. 

 
 

KEYWORDS:  

Atrazine, Biochar, Kinetic, Adsorption isotherms, 

Thermodynamic 

 
 
 
 

INTRODUCTION 

 
Atrazine (2-chloro-4- (ethylamino)- 6- 

isopropylamino -s-trizine) is one of the most wide 
herbicides for controlling weeds on both 
agricultural and non-agricultural land. Because of 
its widespread use in agriculture, atrazine and its 
metabolites have been frequently detected in 
surface water, groundwater, soils and lakes beyond 
safe concentrations [1, 2]. In United States, 
percentages of atrazine and its metabolites in water 
bodies around agricultural area close to 1 to 3% of 
the applied atrazine amounts [3]. Recently, atrazine 
has been admitted as an endocrine disruptor and a 
possible carcinogen by the EPA [4] due to its 
adverse effects on the endocrine, immune and 
central nervous systems of aquatic and mammals 
life [5, 6, 7]. Therefore, the technologies for 
removal atrazine from environment have been a 
research hotspot, including biological repair, 
sorption and degradation [1]. And the sorption has 
been recognized as one of the primary processes for 
removing contamination, especially for the removal 
of atrazine. Understanding the sorption process of 
atrazine in soil will be better to handle the herbicide 
and avoid environmental pollution result from 
excessive application of atrazine. 

Recently, biochar has been evaluated as one of 
the main processes for resource utilization of 
agricultural waste extensively. As an 
environment-friendly and efficient pollution control 
material, biochar has aroused much attention in 
agricultural applications, environmental and science 
research. Biochar was a carbonaceous material 
obtained from biomass pyrolysis under limit air 
condition [8], such as agricultural crop straw [9], 
animal manure and wood chips [10]. With high 
aromaticity, a porous structure, and special 
physicochemical characteristics, biochar has shown 
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its potential for removing organic contamination 
[11]. Biochar has been used as an efficient 
adsorbent for pollutant removal including heavy 
metals, antibiotics, polycyclic aromatic 
hydrocarbons and pesticides from aqueous solution 
[12, 13, 14]. It has been reported that biochar can 
increase the adsorption capacity of atrazine from 
aqueous solution, while few studies on the 
adsorption of atrazine by biochar-amended soils 
have been discussed.  

In this research, cassava waste which was the 
one of the main solid wastes in tropical area was 
chosen as the material to produce biochar. Wang et 
al. (2012) reported that the output of cassava was 
more than 15 million tons per year, with an annual 
growth rate of over 30% in China [15]. Therefore, 
the conversion of cassava waste into biochar as an 

-
resource utilization and environmental protection. 

The main objective of the research was to 
investigate the effect of biochar on the adsorption 
of atrazine in soil. The biochar produced at different 
temperatures was applied into soil to study the 
sorption characterization of atrazine such as the 
influence of pH, sorption kinetics, sorption 
isotherms and thermodynamics. The results will 
provide a potential method for atrazine removal as 
well as its environmental risk assessment. 

 
 

MATERIALS AND METHODS 

 
Chemicals. Atrazine was purchased from Dr. 

Ehrenstofer Company (German) with the purity of 
99.9%. Methanol was of high-performance liquid 
chromatography grade, obtained from Sinopharm 
Chemical Reagent Co. Ltd. (Shanghai, China). 

Spring-S60i+PALL system throughout the 
experiment. Sodium azide and calcium chloride 
were of analytical reagent grade. 

 
Soil characteristics. The soils (0-20 cm) used 

for this study were collected from Yingtan in 

Jiangxi province. All of the samples were air-dried 
under sheets of paper at room-temperature until 
water content reached about 3%. Then the soils 
were through a 40-mesh sieve after grinded for 
property analysis, and a 1-mm sieve for adsorption 
experiments. According to conventional methods, 
physical and chemical properties of the soil samples 
were shown in Table 1. 

 
Biochar preparation. Biochars were obtained 

at different temperatures by pyrolysis. Cassava 
waste as feedstock of biochar was collected from 
Danzhou City, Hainan Province, China. After air 
dried, the feedstock was cut into small pieces and 
then mashed into powder with a crusher. Porcelain 
crucibles were filled with the power and put at a 
muffle furnace under limited oxygen conditions at 
200  for 2 h, then subsequently heated at 
350/550/750  for 3 h to pyrolysis. The biochars 
were grinded to pass through 60 mesh (0.3mm) 
sieves and stored in hermetic bags. According to 
different preparation temperature, the biochars were 
labeled as MS350, MS550 and MS750 in this 
paper. 

 
Biochar characterization. The pH value of 

the BC was determined in a mixture of BC to 
deionized water with a mass ratio of 1:20. Yields of 
biochars were measured by mass difference 
between feedstock and biochars. The cation 
exchange capacity of biochar was determined using 
the BaCl2-H2SO4 forcing exchange method [16]. 
Ash content was measured by heating the biochar at 
750  for 4 h. Elemental (C, H, N and S) analyses 
were conducted using a Vario EL elemental 
analyzer (German), and the O was calculated by 
mass difference (100%-C, H, N, and ash %). The 
Brunauer-Emmett-Teller (BET) surface area and 
the pore volume of the samples were determined by 
a JW-BK224 surface area analyzer (JKGB Sci. & 
Tech. Co. Ltd., China) and measured by the BET 
equation. The functional groups of BC were  

TABLE 1 
Physical and Chemical Characteristics of Soil. 

 

 

Sample 

pH CECa Organic Texture (%) 

1:20b cmol/kg % Sand grain Clay grain Silt grain 

Red soil 7.05 0.58 0.89 34.0 37.8 28.2 

acation exchange capacity. 
badding soil to deionized water in a mass ratio of 1:20.
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detected using Fourier transform infrared (FTIR) 
spectroscopy (Nicolet iS10, Thermo Fisher 
Scientific), recording the spectrum region from 
4000 to 40 cm-1 with a resolution of 4 cm-1. The 
surface morphology of biochar was analyzed by 
scanning electron microscopy (SEM) performed on 
a Zeiss EVO18 operating at an accelerating voltage 
of 20 kV. 

 
Sorption experiment. Sorption of atrazine on 

biochar-added soil was studied by a bath 
equilibration experiment. In this experiment, 0.01 
M CaCl2 was added to 10 mL of atrazine solution to 
maintain a constant ionic strength and 0.2 g/L of 
NaN3 to inhibit microbial activities. An appropriate 
amount of samples (BC/(soil+BC), w/w: 1%) were 
put into centrifuge tubes. Base on different biochars 
types, the samples were labeled as CK (without 
biochar), MS350, MS550, and MS750. All of the 
tubes were agitated using oscillatory device in the 
dark at 200 rpm at 25 . Preliminary studies 
suggested that 24 h was sorption equilibrium time. 
After equilibrium, the samples were centrifuged at 
4000 rpm for 5 min, and the suspensions were 
filtered through a 0.45- m membrane using a 
syringe filter supernatant. The remaining 
supernatant was replaced by the fresh background 
solution without AT to determine the desorption 
behavior of atrazine in soils. 

The effect of solution pH on atrazine sorption 
was tested by batch experiments using 0.1 mol/L 
NaOH and 0.1 mol/L HCl to adjust the initial pH 
values of the solutions at 3, 5, 7, and 9. The solution 
pH was checked frequently to remain stable. The 
sorption kinetics experiments were carried out with 
similar procedure at 25 . The initial concentration 
of atrazine was 5mg/L, and sampling times were set 
at 35, 180, 360, 540, 1290, 1440, and 2880 min. In 
order to investigate the influences of the 
temperature on the isothermal sorption and compare 
the sorption capacities of atrazine on the four 
sorbents, the initial concentrations were set at 0.5, 1, 
5, 10, and 20 mg/L, and the sorption isotherms 
experiments were carried out at 15, 25, and 35 . 
The filtrates were analyzed using a Waters 2695 
Separations Module HPLC (U.S.A) equipped with a 
2487 UV detector and a Gemini C18 analytical 
column (4.0 mm × 150 mm; ID, 5 m) at 35 . The 
mobile phase consisted of methanol/water (70:30, 
v/v), the detector wavelength was 220 nm, and the 
flow rate was 1.0 mL/min. The retention time of 
atrazine was 4.8 min. Triplicate samples for each 
concentration level were run. Preliminary 

experiments showed that loss during the tests was 
negligible. Hence, no correction was made during 
reduction of the sorption data. The influence of pH, 
kinetics, isotherms and thermodynamics were 
analyzed using Origin 8.0 software.  

 
 
RESULT AND DISCUSSION 

 
Characterization of biochar. The 

physicochemical properties of biochar are presented 
in Table 2. With the increase of pyrolysis 
temperature, the biochar yields were decreased, the 
ash content of biochar were increased, which play 
an important role in the sorption behavior of 
hydrophobic organic contaminants (HOCs). Zhang 
et al. (2013) indicated that the ash could block some 
organic sorption sites due to their interactions with 
inorganic moieties [17]. The pH values kept 
increasing trend showed that it had potential for soil 
remediation. The surface elemental composition 
and the specific surface morphology changes of 
biochar were examined by scanning electron 
microscope (SEM), and the results shown in the 
Fig. 1. The surface morphology of the cassava 
waste was smooth and complete before charring. 
However, with the pyrolysis temperature increased, 
the surface structure of the samples became rough, 
etched and multiple pores were formed after 
pyrolysis, which made the biochar gaining a large 
surface area and more sorption sites. As the Table 3 
showed, comparing the three types of biochars 
produced at the three temperatures, the specific 
surface area of biochar kept a growth trend with the 
increasing of pyrolysis temperature, which implied 
that greater sorption capacity for organic 
contaminants [18]. According to the Table 2, the 
surface of all biochar mainly consisted of C and O 
and the inorganic minerals content on the surface 
was negligible. With the pyrolysis temperature 
increasing, the carbon content increased except for 
MS750, while as the H and O contents decreased. 
The C content increased except for MS750 
(62.38%) was lower than MS550 (68.93%), which 
indicated that some amorphous carbon was 
decomposed into CO2 at 750  [19]. The degree of 
polarity and aromaticity of the samples can be 
estimated by the elemental ratios of H/C and O/C, 
and the decrease of H/C and O/C ratios indicated 
that the biochar was highly carbonized and had a 
highly aromatic structure [20]. The decrease of O/C 
and/or (N+O)/C ratios showed the reduction in  
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TABLE 2 
Characterizations of Biochar and Cassava Waste. 

 

a estimated by mass difference (100%-C, H, N and ash %). 
b represents not analyzed. 

TABLE 3 
Specific Surface Areas and Pore Structure Parameters of Biochar. 

 

Biochar SSA (m2/g) TPV (cm3/g) Micropore volume (cm3/g) Average pore size (nm) 

MS350 48.19 0.080 0.011 6.605 

MS550 167.55 0.183 0.036 4.361 

MS750 430.37 0.169 0.144 15.681 

 

 

 
FIGURE 1 

Scanning electron microscopes (SEM): (a) cassava waste, (b) MS350, (c) MS550, (d) MS750. 
 

 

 

sample 

Yields pH Ash CEC Elemental analysis 

% 1:20 % cmol/

kg 

C H N S Oa H/C O/C (N+O)/C 

(%) (%) (%) (%) (%) 

Cassav

a 

0 -b 5.03 - 38.06 7.00 0.90 0.17 49.01 0.18 1.29 1.31 

MS350 29.80 6.08 12.79 23.2 58.52 3.57 1.50 0.15 23.62 0.06 0.40 0.43 

MS550 23.61 7.41 17.12 77.3 68.93 2.46 1.26 0.13 10.23 0.04 0.15 0.17 

MS750 18.79 9.55 30.56 213.2 62.38 1.52 1.23 0.15 4,31 0.02 0.07 0.09 
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FIGURE 2 

Infrared transmittance spectra of BC. 
 

polarity, the increase of hydrophobicity and 
aromaticity. It has been reported that a positive 
correlation between aromatic carbon contents and 
pore-filling or aromaticity existed [13, 21]. 

Cao and Harris (2010) reported that the total 
pore volume (TPV) and micropore volume close to 
the pyrolysis temperature mostly [22]. The aromatic 
C content increased by the progressive destruction 
of -OH, ester C=O, aliphatic CH2, and C-O groups 
with the pyrolysis temperature increasing. The 
surface functional groups of the biochar were 
further analyzed by FTIR and the resulting spectra 
of the samples were showed in Fig. 2. The band 
intensity was 3400cm-1 and the hydroxyl stretching 
vibration presented a downward trend, indicating 
that cellulose and lignin would convert to aromatic 
carbon [23]. The weak bands at 2904 cm-1 and 2940 
cm-1, characteristics of the -CH3 and -CH2 groups of 
aliphatic stretching, suggesting that the original 
lignin structure was destructed at 350 . The 
intensity of bands at 1650 cm-1 and near 1730 cm-1, 
were determined to C=O stretching vibration of 
amides and the stretching vibration of ester 
carbonyl groups, respectively [24].  

 

Sorption kinetics. Sorption kinetics displays 
a strong relationship with the physicochemical 
properties of the biochars. For a practical 
application of biochar in pollutant removal, 
knowledge of the kinetics of this process is 
required. In this work, Pseudo-second-order 
kinetics model (Eq. 1) and Elovich model (Eq.2) 
were used to fit kinetic date: 

t
qqkq eet

11t
2

2    (1) 

btaqt      (2) 

Where qt (mg/g) and qe (mg/g) are the 
amounts of AT adsorbed at time t and equilibrium 
condition, respectively; k2 (g/mg/min) is the 
pseudo-second-order kinetics sorption rate constant 
for the sorption; a and b are the initial sorption rate 
constant and the sorption activation energy constant 
respectively. 

 

 
FIGURE 3 

Sorption kinetics of atrazine in biochar-added 
soil. The amount of biochar was 1%, the initial 
concentration of atrazine was 5 mg/L and the 

volume of atrazine solution was 10 mL. 
 

As evidenced by the curves as shown in Fig. 3, 
the kinetics process of atrazine in biochar-added 
soil was fast followed by slow, including a fast step 
and a slow step. With the increase of time, the 
sorption amount of atrazine gradually raised until 
the maximum sorption of the biochars was reached. 
At the first 180 min, the sorption amount of atrazine 
increased quickly and then the trend of the increase 
in the sorption amount of atrazine gradually slowed 
down. Moreover, when biochars were added to the 
soil solution, about atrazine amounts of 18.2%, 
28.74%, 37.34%, 88.15% were removed by CK, 
MS350, MS550, MS750, respectively, at the first 
180 min. The kinetic curves indicated that biochar 
added to red soil could not only increase the 
sorption amount of atrazine but also improve the 
physical and/or chemical characterization of red 
soil. The addition of biochar is beneficial to the 
removal of atrazine in red soil. 
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TABLE 4 
Kinetics constants for AT sorption in BC-added soil. 

 

 

 

Sample 

Pseudo-second-order model Elovich equation 

qe k 2  

R2 a 

 

a 

 

b 

 

R2 (mg/g) (g(mg/min)) 

CK 0.011 2.097 0.999 -3.3367 1005.5 0.870 

MS350 0.020 0.378 0.996 -0.1948 397.87 0.871 

MS550 0.027 0.237 0.991 -0.5901 336.21 0.802 

MS750 0.048 0.960 0.999 -0.9082 416.30 0.908 

a Bold letters represent the highest R2 values. 

 
The sorption kinetics always controlled 

simultaneously by intragranular diffusion and film 
diffusion. The pseudo-second-order model was 
used to investigate the tendencies of sorption 
capacity and rates to reach the equilibrium 
concentration. As shown in Table 4, the R2 value for 
the pseudo-second-order model (0.991 ~ 0.999) was 
higher than that of the Elovich equation (0.802 ~ 
0.908), which implied that the rate-limiting step is 
chemical sorption involving electronic forced 
through the sharing or exchange of valences 
between adsorbate and adsorbent. Briefly, the 
pseudo-second-order model can better fit to the 
kinetics of AT, and the correlation coefficients 
reached a significant level (p < 0.05), which 
suggested that the sorption process primary relying 
on van der Waals force. 

 
Sorption isotherms. The sorption isotherms 

parameters were determined by the following 
equation: 

eLe cqKqq

1111

maxmax              (3) 

efe c
n

Kq log
1

loglog
             (4) 

ee BAq logc
                        (5) 

Where qmax (mg/g) is the maximum sorption 
amount of atrazine; Ce (mg/L) is the equilibrium 
concentration of absorbent; KL and Kf are Langmuir 
and Freundlich coefficients, respectively; n is the 
unitless Freundlich exponent; A and B are the 
coefficients of the Tekmin model. 

Fig. 4 depicted the sorption isotherm of 
atrazine in soil at different kinds of biochar were 

linear or nonlinear. As the isotherms shown that the 
nonlinear degree increased from CK to MS750, 
indicating that the partition was a dominant 
mechanism for the CK and MS350 as the additives, 
and the pore-filling mechanism was the primary 
mechanism for atrazine sorption in amended 
MS550 and MS750. A low solute concentration and 
presence of the glassy domain were key factors to 
the pore-filling mechanism as mainly for the 
atrazine sorption in MS750. The H/C, O/C, 
(O+N)/C ratio could demonstrated that the 
aromaticity increased in the order of MS750 > 
MS550 > MS350, and the same increase trend 
reflected at non-linearity, reflecting the ability of 
atrazine sorption by biochar to preferentially 
capture sorption sites with high energy. Briefly, the 
organic carbon of biochar was obtained at different 
charring temperatures showed significantly 
difference in sorption capacities.  

The sorption isotherms fitting parameters of 
the three models were listed in Table 5. The 
Langmuir model provided a good fit to the 
isotherms, which was found to give relatively high 
values of correlation coefficient (0.978 to 0.995). 
Freundlich model has high values of correlation 
coefficient (0.985 to 0.998) except for MS750, 
which implied that monolayer sorption and 
heterogeneous energetic distribution of active sites 
on the surface of the biochar-added soils were 
possible. The values of 1/n in the range of 0 ~ 1 
indicated the favorable sorption. The sorption 
capacity of biochars notably enhanced with further 
increasing pyrolytic temperature from 350 to 750 , 
which was illustrated by the values of KL and qmax. 
The maximal sorption value (qmax) on MS750 was 
approximately 7 times that of MS350, the value of 
KL were less than 1 for all of the adsorbent, 
indicating the favourability of atrazine sorption, as 
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the conclusion drawn from the Freundlich isotherm 
fitting results. 

The sorption mechanisms in biochars were 
very complicated because the sorption behavior was 
influenced by many factors such as aromaticity, 
surface area, polarity and pore structure. In this 
research, MS750 has a large the specific surface 
area (SSA) and micropore volume than MS350 and 
MS550. And it contained more micropores and 
crystalline carbons, which could provide more 
sorption sites. The logKf increased from 0.777 for 
MS350 to 2.030 for MS750, indicating different 
sorption capacities of biochars associated with their 
different properties duo to different pyrolytic 
temperatures. Atrazine sorption capacity sharply 
increased with temperature rise and the biochars 
could be applied to the ecological environment in 
different regions. 

 
FIGURE 4  

Sorption isotherms of AT in biochar-amended 
soil. The initial concentrations of AT were 0.5, 
1.0, 5.0, 10.0, and 20.0 mg/L. The volume of AT 
solution was 10 mL, and the amount of biochar 

was 1% in soil. 
 
 

The HOCs on meso-porous and micro-porous 
of BC frequently undergo specific interaction [25], 
which may generally result in sorption non-linearity. 
Atrazine could act as H-bonding donor for N atoms 
of hetero-cyclic rings and H-bond acceptor [26]. 
The heterocyclic ring in atrazin

26]. Therefore, the charge transfer 
interactions occurred between the atrazine ring 

acceptor) [25]. The specific interactions between 
the biochar surface and atrazine molecules could 
contribute to high sorption affinity. 

 
Sorption Thermodynamics. Thermo 

dynamics parameters ( OG , OH , and OS ) improve 
understanding regarding the inherent energetic 
changes involved during the sorption process and 
could be obtained from the sorption isotherms at 
different temperatures. The sorption isotherms of 
AT onto the biochar-amended soils were measured 
at different temperatures and changes of 
thermodynamic parameters of standard Gibbs free 
energy ( OG ), standard enthalpy ( OH ) and standard 
entropy ( OS ) associated to the sorption process 
were calculated from the following equations: 

dKRTOG
                      (6) 

eed cqK /
                            (7) 

OOO SHG                     (8) 

Where R was the universal gas constant 
(8.314J/mol·k), T(K) was the absolute temperature. 
Kd is the thermodynamic equilibrium constant, 
which assumed here that n = 1 and can be 
calculated as Kd = Kf [26]. 

 

 
TABLE 5 

Isotherms Parameters for AT Sorption in BC-Added soila. 
 

 

Sample 

Freundlich model Langmuir model Temkin model 

logKf 1/n R2 b KL qmax(mg/kg) R2 A B R2 

CK 0.576 0.799 0.998 4.956 5.120 0.990 -0.039 0.059 0.896 

MS350 0.777 0.809 0.986 0.189 42.372 0.995 0.422 0.038 0.879 

MS550 0.875 0.633 0.985 0.246 49.505 0.978 -0.604 0.049 0.872 

MS750 2.030 0.532 0.884 0.971 294.117 0.980 -1.162 0.006 0.949 
a The initial concentrations of Atrazine were 0.5, 1.0, 5.0, 10.0, and 20.0 mg/L. The volume of atrazine solution 

was 10 mL, and the amount of biochar in soil was 1%. 
b Bold letters represent the highest R2 values. 
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It is well known that temperature is one of the 
most important parameters which dominate the 
physicochemical behaviors of pesticide in soil. 
Table 6 illustrated the sorption process of atrazine 
in biochars-added soils at different temperatures.  

The OG  values were negative at three 
different temperatures and became less negative 
with the increasing of sorption temperature, which 
suggested the spontaneity of the sorption process 
and thermodynamically favorable at high 
temperatures. Liu and Zhang (2009) reported that 
higher temperatures can provide more energy to 
absorb into the interior structure of biochar and 
overcome the diffuse double layer [27]. The OG  
values were in the range of -0.080 and -12.184 
kJ/mol, which indicated that the sorption process of 
atrazine in biochars-added soils may be mainly 
controlled by physisorption. The OG  value for 
chemisorption is in the range of -80 to -400 kJ/mol, 
and that for physisorption is between 0 and -20 
kJ/mol [16]. 

The observed positive enthalpy ( OH ) change 
indicated the fact that the sorption process of 
atrazine in biochar-added soil was endothermic and 

that increasing temperature could be mostly 
favorable for sorption. The observed enthalpy 
change absolute values was lower than 40 kJ/mol, 
which suggested that physisorption was the mainly 
sorption mechanism. In this study, the values of 

OH is in the range of 22.348 to 49.345 kJ/mol, 
indicating that the physical sorption of atrazine 
assumed the dominant position. Furthermore, all of 
the values of OS were positive reflected the 
affinity for atrazine and indicated increased 
randomness at solid-liquid interface during the 
sorption process [16]. 

Table 7 shows the sorption energy of different 
forces [28]. In this work, the H-bonding and dipole 
bond force may be the sorption mechanism of AT 
on CK, and the ion-exchange and H-bonding may 
be involved on MS350, MS550 and MS750, 
respectively. The pKa value of Atrazine is 1.7 
indicated that the Atrazine is a weak base [29]. 
Zhang reported that atrazine existed as neutral 
molecules and formed weak H-bonding with 
carboxyl groups and clay surfaces due to their 
heterocyclic nitrogen atoms [17]. 

 

TABLE 6 
Thermodynamic Parameters for the AT Sorption Processa. 

 

   Sample Temperature OG OS OH
 

CK 

288 -0.831  

0.080 

 

22.348 298 -1.531 

308 -2.439 

 

MS350 

288 -1.275      

298 -4.433  0.1774 49.345 

308 -4.822   

 

MS550 

288 -3.627   

298 -4.996 0.1064 26.924 

  308 -5.756   

 

MS750 

288 -9.494   

298 -11.581 0.1345 28.986 

308 -12.184   
a The volume of AT solution was 10 mL, the initial concentrations of AT were 0.5, 1.0, 5.0, 10.0, and 20.0 mg/L, 
and the amount of biochar was 1% in soil. The sorption equilibrium experiments were carried out at 15, 25 and 
35 . 

 
TABLE 7 

Energy of Sorption by Different Forces (kJ/mol). 
 

Van der 

Waals force 

Hydrophobic 

interaction 

H- 

bonding 

Charge- 

transfer 

Ion- 

exchange 

Dipole 

bond force 

Chemical 

bond 

4~10  2~40 Not available  2~29 >60 
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Effect of solution pH. The soil pH is one of 
the most vital parameters for the optimization of 
sorption-desorption process and controlled the 
sorption capacity of biochar. The influence of pH 
on sorption depended on the target contaminants 
and types of biochars. The pH may influence the 
protonation or deprotonation process of the charged 
carbon surface [30], which could further change the 
sorption capacity and sorption mechanism of 
atrazine onto biochar. In this study, the influence of 
pH on the sorption of atrazine on the soil was 
studied from 3 to 9 (Fig. 5). Obviously, the sorption 
capacity of atrazine decreased with increasing pH 
values, indicating that the sorption of biochar for 
atrazine was favoured by a lower pH value. When 
the pH changed from 3 to 5, the sorption of atrazine 
for CK, MS350, MS550 and MS750 were 
obviously decreased, and then was a slightly 
decreased trend as the pH values were higher than 
five. The result may because of the formation of 
hydroxide complexes. In addition, the sorption level 
for atrazine was in the order of MS750 > MS550 > 
MS350 > CK, confirming that the addition of 
biochar could enhance the removal of atrazine in 
soil from Jiangxi province, which were caused 
mainly by interaction between atrazine and biochars 
via charge forces in solution [1].   

Atrazine is known to be a weak base with a 
lower pKa value (pKa = 1.68), thus, when the soil 
pH closed or equal to the pKa value, it is not 
protonated. The biochars exists mostly in 
protonated acidic media and deprotonated alkaline 
medium [31]. The higher sorption efficiency in 
acidic pH is because of the excess H+ ions on the 
surface of the positively charged biochar may 
compete with the cationic molecules for sorption 
sites available on biochar, which could improve the 
sorption affinity of the biochar for atrazine. At 
higher pH values, the negatively charged biochar 
surface would lead to a weak electronic interaction 
between atrazine and biocahr in basic solution [16]. 

Fig. 6 showed that the desorption capacities of 
atrazine with different pH. Higher pH values were 
more conducive to enhancing desorption for 
atrazine (pH9 > pH7 > pH5 > pH3). For MS750, 
the desorption rate at pH 9 was approximately 6.8 
times higher than pH 3. Atrazine desorbed more, 
but less from absorbed soil with increasing biochar 
pyrolysis temperature. For instance, the desorption 
rate of MS750 was 29.2times less than that of CK 
at pH 3, which showed that biochar addition could 
reduce the mobility of atrazine in soil. 

 

FIGURE 5  
Effect of pH on AT sorption in biochar-amended 

soil. 
 

 

FIGURE 6  
Effect of solution pH on the desorption capacity 

of added biochars for atrazine. The initial 
concentration of atrazine was 5 mg/L. the 

amount of biochar was 1%, and the volume of 
atrazine solution was 10 mL. Error bars 
represent standard deviation of triplicate 

samples. 
 
CONCLUSIONS 

 
In summary, this study demonstrated that 

biochar derived from cassava waste was a suitable 
absorbent to remove atrazine in soil. The sorption 
of atrazine by biochar-amended soil followed the 
pseudo-second-order kinetics, which indicated that 
the sorption process is mainly the chemical 
adsorption. Higher pyrolysis temperature of biochar 
may reach equilibrium in a shorter period of time. 
The sorption capacities in order of MS750 > 
MS550 > MS350 > CK, Langmuir and Freundlich 
models have high correlation coefficients, 
indicating that monolayer sorption and 
heterogeneous energetic distribution of active sites 
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on the surface of the biochar-added soil were 
possible. A thermodynamic study indicated that the 
sorption of atrazine in biochar-amended soil was an 
endothermic and spontaneous process, and the 
physical sorption assume the dominant position. 
Furthermore, acidic solutions are more favorable in 
the sorption of atrazine in biochar-amended soil.   
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ABSTRACT 

 
Seventeen PAHs associated with PM10 were 

monitored in eight cities located in the Northeast of 
China from April 2008 to January 2009. The 
correlations of conventional air pollutants and 
meteorological parameters with PM10-PAHs 
concentrations in the eight cities were discussed. 
The results showed that SO2 and O3 had strong 
correlations with PM10-PAHs in most of cities. Air 
temperature expressed an excellent negative 
correlation with PM10-PAHs at all sampling sites of 
the eight cities. Impacts of environmental 
conditions on PM10-PAHs toxicity levels were 
conducted. SO2, O3, CO and temperature were the 
most important factors impacting on the 
concentrations of PM10-BaPeq. The multiple linear 
regression of significant meteorological parameters 
and air pollutant concentrations were performed to 
predict concentrations of PM10-PAHs and 
PM10-BaPeq. The PAHs concentrations in gaseous 
phases were also predicted according to gas/particle 
partition coefficient, and the concentration of 
predicted PAHs in gaseous phases was nearly 10 
times higher than that of measured PM10-PAHs. 
However, the concentration of BaPeq in gaseous 
phase only accounted for 19.04%-38.94% of the 
total BaPeq (gas+particle). HMW-PAHs in 
particulate phase was the largest  concentration 
contributor to the total BaPeq (gas+particle), 
whereas they only accounted for 0.77%-4.92% of 
the total PAHs  concentration (gas+particle). 
Finally, the correlations of conventional air 
pollutants and meteorological parameters with 
gaseous PAHs were also discussed. 
 
 
 

KEYWORDS: 
PAHs; PM10, meteorological conditions, air pollutants, 

correlation. 

 
 

INTRODUCTION 

 
Polycyclic aromatic hydrocarbons (PAHs) are 

a large group of environmental organic pollutants 
and many of them have been identified as priority 
pollutants by the United States Environmental 
Protection Agency (US EPA) and European 
Community. PAHs are emitted into the atmosphere 
by incomplete combustion of organic materials and 
fossil fuels such as coal, gasoline, oil [1-4]. PAHs 
in the atmosphere have received increasing 
attention due to that many of them have been 
proven to be mutagens and carcinogens [5-6]. Most 
of the carcinogenic PAHs are found to be associated 
with suspended particulate matter [7]. However, 
due to the interaction of PAHs with meteorological 
conditions and complicated characteristic of PAHs 
in the environment, the transport and 
transformation of particulate PAHs have yet to be 
fully understood. 

Once emitted into atmosphere, PAHs are 
subjected to variety of atmospheric processes and 
atmospheric conditions play an important role in 
the levels of ambient air PAHs [3]. PAHs can react 
with pollutants such as ozone under solar 
irradiation [8]. Intense solar irradiation can promote 
heterogeneous reaction [3, 9]. Ambient temperature 
and humidity can strongly affect gas/particle 
partitioning of PAHs [10-12]. Meteorological 
conditions have been identified as predominant 
factors governing the levels of atmospheric 
pollutants [13].  

PM10-bound PAHs samples were collected 
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during April 2008 to January 2009 in eight cities 
located in the Northeast China. This Region, the 
earliest heavy industrial foundation in China, is 
characterized by resource-reliant leading industries 
including iron/steel, coal, crude oil, machinery, 
metallurgy and chemical production. Li et al. [14] 
reported the concentrations and profiles of 
particulate PAHs, their temporal and spatial 
distributions and major contributing sources in the 
region.  

Standards (GB 3095-2012) was released in 2012, 
which has set stringent concentration limits for 
atmospheric particles and BaP. Air PAHs have 
drawn extensive attentions in China. However, one 
of the main problems joined to PAHs analysis was 
due to long analysis time and expensive analysis 
cost, it is not convenient for environmental 
management departments to rapidly assess PAHs 
concentrations and their health risk levels in the 
ambient air. Therefore, it is necessary to provide 
some indirect methods of assessing PAHs 
concentrations. For example, we can try to calculate 
the concentrations of PAHs based on publicly 
available meteorological and air pollutant data from 
national air quality and meteorological information 
website, after a series of basic studies on the 
relationship between air PAHs and conventional air 
pollutants or meteorological parameters. 

The objectives of this study were to: (a) 
investigate the influence of meteorological 
conditions (temperature and humidity, wind speed 
and direction) and air pollutants (SO2, NO2, O3, CO) 
on PM10-boun
Analysis; (b) calculate the concentrations of 
PM10-PAHs and PM10-BaPeq based on publicly 
available meteorological and air pollutant data.; (c) 
predict the PAHs concentrations in gaseous phases 
according to gas/particle partition coefficient. 

 
 

MATERIALS AND METHODS 

 
Site description. PM10 samples were obtained 

from 30 urban sites in eight cities within the 
northeast region of China, consisting of Liaoning, 
Jilin and Heilongjiang provinces (see Fig.1.). All 
sampling devices were set up in the existing 
automatic air quality monitoring stations and a 
description for each of the sites was given in Table 
1. 

 
 

 

 
FIGURE 1 

Location of the sampling sites in the eight cities 
of Northeast China. 

 
 

Sample collection and analysis. Four 
intensive field campaigns were conducted in the 
spring (April 15-19, 2008), summer (July 21-26, 
2008), autumn (October 10-15, 2008), winter 
(January 12-17, 2009). PM10-bound PAHs were 
captured on prebaked (800oC, 3h) quartz-fiber 
filters  (  90mm, Pall Life Science, USA) using 
median-volume PM samplers (TH-150CIII, China) 
operated at a flow rate of 100 Lpm. The sampled 
filters were extracted ultrasonically with 
dichloromethane, concentrated by a rotary 
evaporator, purified with a silica gel cleanup 
technique, re-concentrated using rotary evaporator 
and finally condensed to exact 1 ml by a gentle 
nitrogen stream in 60  water bath. The extracts 
were transferred into two ampoule bottles and 
stored in refrigerator until GC/MS analysis. 

The following 17 PAHs were selected: 
naphthalene (NaP), acenaphthylene (AcPy), 
acenaphthene(AcP), fluorene (Flu), phenanthrene 
(PA), anthracene (Ant), fluoranthene(FL), pyrene 
(Pyr), benzo[a]anthracene (BaA), chrysene (CHR), 
benzo[b]fluoranthene (BbF), benzo[k]fluoranthene 
(BkF), benzo[a]pyrene(BaP), 
indeno[1,2,3-cd]pyrene (IND), 
dibenz[a,h]anthracene (DBA), benzo[ghi]perylene 
(BghiP) and Coronene(COR). These PAHs were 
analyzed using GC-MS, equipped with a 5975I 
mass selection detector and a 7683B auto-injector 
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(Agilent Technologies, Palo Alto, CA, USA). The 
chromatographic separations were carried out on a 
DB-5MS column (30 m×0.25 mm i.d., 0.25 um film 
thickness) using helium (1 mL.min-1) as a carrier 
gas. Quantification of 17 PAH compounds was 
performed using the selected ion monitoring (SIM) 
mode. PAH concentrations were determined based 
on the standard calibration curve and the peak area 
of each PAH compound. Detailed description of the 
sample extraction, analytical procedure, and quality 
control were given by Hu et al. [15].  

 
Quality control. Field blanks, which 

accompanied samples to the sampling sites, were 
used to determine any background contamination. 
Method blanks (solvent) and spiked blanks 
(standards spiked into solvent) were analyzed. 
PAHs were not detectable. Other contaminants did 
not interfere with the recognition or quantification 
of the compounds of interest. The average 
recoveries of the 17 PAHs from the standard 
mixture varied from 77% to 109% for PM10 
samples.  

 
Collection of air pollutants and 

meteorological data. Concentrations of SO2, NO2, 
O3 and CO in the air were monitored by local 
automatic air quality monitoring stations. 
Meteorological parameters, such as air temperature 
(T), wind speed (WS) and wind direction (WS), and 
relative humidity (RH) were also obtained from 
local meteorological monitoring stations. The eight 

cities all experience a continental monsoon climate 
within temperate zone, with similar characteristics 
of long and chilly winter, hot and humid summer, 
dry and windy spring. The seasonal differences in 
ambient temperature are large, with the lowest 
temperature (-20 ~ 0 oC ) in January and the 
maximum temperature in July (26 ~ 30 oC). Rainfall 
is much more abundant in summer. Winter heating 
season lasts for 5 to 6 months; coal and firewood 
(in rural areas) are heavily used for heating and the 
emission from these processes enhances 
atmospheric pollution in the season. 

 
Statistical analysis. The data were analyzed 

in depth by univariate and multivariate statistics. 

analysis and multiple linear regression analysis. 
P
used for studying whether there is a linear 
relationship between two continuous variables. 
Pearson correlation coefficient represents the 
degree to which two variables change together, its 
values are between -1 and +1, coefficient close to 0 
indicates that two variables totally irrelevant, close 
to -1 or +1 shows that two variables have 
completely opposite or the same trend. 

Multiple linear regressions (MLR) model is 
one of the modelling techniques to investigate the 
relationship between a dependent variable and 
several independent variables. Let the MLR have 
p  independent variables with n  observations. 

Thus the MLR can be written as 
 

TABLE 1 
Description of the sampling sites. 

Province City 
Sampling sites 

numbers  
Site description 

Heilongjiang 
Haerbin HEB  5 Industrial (1), Residential (2) , 

       Cultural (1) , mixed site (1) 
Daqing (DQ) 3 Industrial (2), mixed site (1) 

Jilin 

Jilin JL  3 Industrial (1), residential (1), clean sites (1) 

Changchun (CC) 5 
Industrial (1), residential (2) ,   

Cultural (1), Clean site (1) 

Liaoning 

Huludao (HLD) 3 Industrial (1), residential (2) 

Anshan (AS) 3 Industrial (1), residential (2) 

Fushun (FS) 3 Industrial (1), residential (2) 

Shenyang (SY) 5 
Industrial (2), residential (1) ,   

Cultural (1) , Clean site (1) 
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0 1 1 2 2 ... p p tY w w x w x w x
  (1)

 

Where w are regression coefficients, Y is 
dependent variable, ix are independent varaiables 
and t  is fitting errors.  

linear regression analysis were performed by 
Statistical Package of Social Sciences (SPSS 13.0).  

 
 

RESULTS AND DISCUSSION 

 
Impact of meteorological conditions on 

particulate PAHs levels. During the sampling 

17PAH in the eight 
cities were in the range of 16.2 196.0 ng/m3 in 
spring, 26.2 245.5 ng/m3 in summer, 28.7 134.0 
ng/m3 in autumn and 156.1 841.8 ng/m3 in winter, 
with an average of 69.2, 70.1, 74.3 and 470.8 ng/m3, 

correlation coefficients of particulate PAHs with 
meteorological parameters (temperature, wind 
speed, relative humidity) in the eight cities. 
Ambient temperature was found to be negatively 
correlated with particulate PAHs at all sampling 
sites and the correlation coefficients varied from 
-0.858 to -0.562. Since the vapor pressure of PAHs 
increases with increasing temperature [16-17], 
elevation of temperature is propitious to the 
evaporation of particle-PAHs from particles to gas 
phase. Besides, the variability is also affected by 
confounding factors like fast degradation of PAHs 
by atmospheric reactions and seasonal variability of 
the emission strength. In this study, PAH can be 
classified by their molecular weight as follows: 
Lower molecular weight (LMW) containing NaP, 
AcPy, AcP, Flu, PA and Ant; Middle molecular 
weight (MMW) containing Fl, Pyr, BaA and CHR; 
Higher molecular weight (HMW) containing BbF, 
BkF, BaP, IND, DBA, BghiP and COR [18-21]. 
Temperature dependence of particulate PAHs varied 
greatly with different molecular weight. 
LMW-PAHs and MMW-PAHs governed by 
temperature differences and the correlation 
coefficients were -0.745 and -0.627, respectively. 
The HMW-PAHs did not vary significantly with 

coefficient only reached -0.365. LMW-PAHs and 
MMW-PAHs had a better correlation with 
temperature than HMW-PAHs. 

Wind speed had been recognized as an 
important controlling factor on concentrations of air 

pollutants [22]. The levels of PAHs reported by 
[23-24] showed a negative correlation with wind 
speed. In this study, the results were similar for all 
but one city: the wind speed in CC city was found 
to have a positive correlation with particulate PAHs 
(r=0.465). According to a field survey of pollution 
sources and meteorological data, there were two 
industrial parks located in the southwest of CC city, 
while the sampling sites in CC all located 
downwind of the two industrial parks. The 
correlation between particle-PAHs and relative 
humidity was weak. Similar results were observed 
by Ravindra et al. [25] and Tsapakis et al. [11].  

 
Correlations of particulate PAHs with 

conventional air pollutants. The concentrations of 
SO2, and CO in the most of cities were found to 
have strong and positive correlations with total 
particulate PAH levels, suggesting the similar 
sources existed between particulate PAHs and these 
pollutants (SO2, and CO). As an earliest heavy 
industry foundation in China, the Northeast Region 
of China was one of the important producers and 
consumers of coal energy, suggesting coal 
combustion could be the primary source of 
particle-PAHs and pollutants (SO2, and CO) in the 
region. Apart from that, strong negative correlations 
were observed between O3 and particulate PAHs 
concentrations in some cities (AS, FS and SY), and 
similar results were reported by Bernalte et al. and 
Tsapakis et al.. These correlations of PAHs with 
conventional air pollutants suggested that SO2, O3 
and CO were suitable indicators for particulate 
PAHs levels in the Northeast Region of China. 

 
Impact of environmental conditions on 

particulate PAHs toxicity levels. Toxic 
equivalency factors (TEFs) are frequently utilized 
to indicate the potential health risk of PAHs to 
ecosystems and human beings by taking BaP as a 
reference [26-27]. In this study, equivalency of BaP 
(BaPeq) in particles was calculated by multiplying 
the concentrations of each PAH with their TEFs [6] 
and used to indicate the relative carcinogenic 
potency of the corresponding PAH. During the 
sampling period, the pattern of spatial distributions 
of PM10-BaPeq was similar to PM10-PAHs. The 
highest PM10-BaPeq was found in FS city with a 
value of 33.25 ng/m3, followed by JL, HEB, HLD, 
SY, AS, CC and DQ with values of 23.63, 13.24, 
12.90, 12.25, 11.72, 9.77 and 5.24 ng/m3, 
respectively.  

The relative contributions of different  
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TABLE 2 
Pearson correlation coefficients of particulate PAHs with meteorological parameters. 

 

City   T WS RH 

HEB  1    

 T -0.788** 1   

 WS -0.194 0.12 1  

 RH 0.242 -0.376 -0.622** 1 

JL  1    

 T -0.858** 1   

 WS -0.151 0.25 1  

 RH - - - - 

HLD  1    

 T -0.660** 1   

 WS -0.231 0.412 1  

 RH -0.340 0.173 -0.177 1 

FS  1    

 T -0.562** 1   

 WS -0.272 -0.457* 1  

 RH 0.045 0.125 -0.635** 1 

DQ  1    

 T -0.803** 1   

 WS -0.151 0.250 1  

 RH 0.177 -0.094 -0.263 1 

CC  1    

 T -0.769** 1   

 WS 0.465* -0.679** 1  

 RH 0.248 -0.224 -0.286 1 

AS  1    

 T -0.751** 1   

 WS -0.145 -0.067 1  

 RH 0.208 0.136 -0.738** 1 

SY  1    

 T -0.664** 1   

 WS -0.249 -0.019 1  

 RH -0.441 0.636** -0.467* 1 

 -: data were not available 
**: correlation is significant at the 0.01 level (2- tailed) 
 *: correlation is significant at the 0.05 level (2- tailed) 
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FIGURE 2 
Relative contributions of different molecular weight of PAHs to PM10-PAHs (a) and BaPeq (b) in the eight 

cities. 
 

molecular weight of PAHs to PM10-PAHs and 
PM10-BaPeq in the eight cities are shown in Fig.2. 
HMW-PAHs dominated the ambient particulate 
BaPeq levels, with the percentage in the range of 
86.55 - 90.56 %, while HMW-PAHs  

Accounted for 14.56-33.02 % of the 
particulate PAHs. On contrary, the LMW-PAHs 
only constituted 0.62-6.88 % of BaPeq, while 
accounted for 21.24-56.87 % of the particle-PAHs. 
It attributed to the fact that HMW-PAHs had a 
stronger toxicity than LMW-PAHs and 
MMW-PAHs. In general, LMW-PAHs could be 
tracers for wood combustion [28] or industrial 
combustion of oil [29]. MMW-PAHs such as FL, 
Pyr, BaA and CHR are usually associated with coal 
combustion and can be identified from this source 
[28]. HMW-PAHs such as BbF, BkF, BghiP, IND, 
and COR may be associated with vehicles emission, 
and can be regarded as tracers of the vehicles 
emission source [30-33]. From Fig.2. (a), MMW- 
PAHs were found to be abundant in JL, CC, HLD, 
AS, FS, SY, HEB city, reflecting the strong 
contributions from coal combustion sources, while 
LMW-PAHs concentrations in DQ city were the 
highest, owing to the higher emission from wood 
combustion or industrial combustion of oil. DQ, a 
city principally affected by petroleum industry, had 
the lowest particulate PAHs concentrations.  

BaPeq in particle and environment conditions 
(PM10, SO2, NO2, O3, CO, temperature, wind speed, 
relative humidity) were conducted to investigate the 
variation of PAHs toxicity levels. Coefficients 
between SO2 and BaPeq were positive and 
reasonable high (r=0.922), indicating that coal 

consumption for heating purpose made a large 
contribution to the PAHs toxic levels in particles. A 
significant negative relationship between 
temperature and BaPeq (r=-0.920) was observed, 
similar to the relationship of temperature and 
particular PAHs. O3 and CO had excellent 
correlations with BaPeq, with correlation 
coefficients of -0.819 and 0.729, respectively. 
BaPeq exhibited moderate positive correlations 
with NO2, whereas no correlation was observed 
with PM10, wind speed and relative humidity.  

 
Multiple linear regression was performed to 

assess the concentrations of PM10-PAHs. Multiple 
linear regression analysis is a commonly used 
statistical method for analyzing a linear relationship 
between a dependent variable and multiple 
independent variables. In this study, multiple linear 
regression analysis was performed by SPSS 
software to investigate relationships between 
PM10-PAHs, PM10-BaPeq, meteorological 
parameters and conventional air pollutants. 
According to the significance and ability to 
contribution to PAHs and BaPeq concentrations, 
several meteorological parameters and conventional 
air pollutants were selected as explanatory variables 
to calculate PAHs and BaPeq concentrations in 
particular phase by multiple linear regression 
analysis. PM10, NO2, wind speed and relative 
humidity produced the weakest significance, and 
therefore they were excluded from the regression 
analysis. Through entering regression analysis, the 
following equations were obtained to calculate 
PAHs and BaPeq in particulate phase: 
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PM10-PAHs=128.272-1.638[temperature]+4.497[SO2]-2.572[O3]+1.267[CO]            2  

PM10-BaPeq=6.59+0.099[temperature]+0.337[SO2]-0.168[O3]+0.752[CO]              3  

 
 

 

 
FIGURE 3 

Comparison of predicted and measured concentrations of (a) PM10-PAHs, (b) PM10-BaPeq. 
 

The measured and predicted concentrations of 
PM10-PAHs, PM10-BaPeq are compared in Fig.3. 
The strong correlation coefficient (0.9563 for 
PM10-PAHs, 0.9196 for PM10-BaPeq) suggests that 
the multiple regression models can be reliably used 
for future predictions of PM10-associated PAHs and 
BaPeq in urban atmosphere for epidemiologic 
studies based on publicly available meteorological 
and air pollutant data when PAHs measurement is 
unavailable. 
Predicting the PAHs concentrations in gaseous 
phases in the eight cities. PAHs are semi-volatile 
organic compounds, they can exist both in the vapor 
phase and particle phase in natural atmosphere. The 
partitioning process can be parameterized using the 
gas/particle partition coefficient, KP (m3.ug-1) [34] : 

KP=Cp/TSP/Cg                                          (4) 

Where Cp and Cg are the PAHs concentrations 
in the particulate and gaseous phases, respectively 
(ng/m3), and TSP is the concentration of total 
suspended particles in the air (ug/m3), the unit of KP 

is m3/ug. Therefore, the concentrations of PAHs in 
gaseous phases could be calculated according to 
particulate PAHs concentration and gas/particle 
partition coefficient.  

The partitioning of PAHs between the gas and 
particulate phase can be described as either surface 
adsorption or absorption into organic matter [35-36]. 

According to Simcik et al. [37], from both 
adsorption and absorption processes, a linear fit 
between KP and the subcooled liquid vapor pressure 
(P0

L ) can be derived as: 

Log KP = m log P0
L + c                     (5) 

Where m and c are empirical constants. 
According to Pankow, the slope m for either 
adsorption or absorption should theoretically 
approximate -1. However, a number of factors 
might lead to shallower slope than -1 [37-38]. 
Mandalakis and Stephanou [39] summarized the 
values of m from the literature and found that 
shallow slopes (-0.33 to -0.53) were pertinent to 
rural and coastal sites with lower pollutant levels 
and more negative values (-0.46 to -0.97) to urban 
areas with higher pollutant levels. In this study, the 
values of m and b were the average value of 
literature data [37, 40-42], and the values were 
-0.58 and -4.36, respectively. P0

L is the pure 
compound subcooled liquid vapor pressure, and 
temperature dependence of P0

L. Log P0
L for each 

PAH compound was calculated using the data given 
in previous reports [43-45]. The PAHs 
concentrations in particle (values of Cp) were 
calculated by the ratios of particle-bound PAH 
content in the different particle size ranges, the 
ratios was adopted from previous studies [46-51]. 

According to the calculated results, the highest 
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average concentrations of gas- PAHs was found in 
FS city with a value of 2126.05 ng/m3, followed by 
JL, HEB, HLD, DQ, CC, AS, SY, with values of 
1963.66, 1472.71, 1457.71, 1361.09, 1209.12, 
1064.02 and 1057.47 ng/m3, respectively. The 
concentrations of gas-PAHs accounted for 
86.08%-95.01% of the total (gas+particle) PAHs 
concentrations, the percentage was in accordance 
with those previously reported by, e.g., Tsapakis 
(78.1%) [11]  and Vasilakos (86.8%-88.6%) [52]. 
Fig.4 shows the relative contributions of different 
molecular weight of PAHs to total PAHs in gaseous 
phase. PAHs in gaseous phase were dominated by 
more volatile PAHs namely LMW-PAHs. These 
compounds accounted for more than 85% of the 
total gas-PAHs. The percentage reached a peak 
value of 96% in DQ and it attributed to that DQ city 
had consumed a large amount of petroleum as 
energy fuel and most of LMW-PAHs were emitted 
into the atmosphere by incomplete combustion. 

 

 
 

FIGURE 4 
Relative contributions of PAHs with different 

molecular weight to  
gaseous PAHs. 

 
As stated before, the concentrations of PAHs 

in gaseous phase was nearly 10 times higher than 
those in particulate phase. In this part, BaPeq in 
gaseous phase was 3.35-7.82 ng/m3, accounted for 
19.04%-38.94% of the total BaPeq (gas+particle). 
Fig.5 shows that HMW-PAHs in particulate phase 
is the largest contributor to BaPeq levels 
(gas+particle), whereas these compounds only 
accounts for 0.77%-4.92% of the total PAHs 
(gas+particle). It can be concluded that most of the 
probable human carcinogens are associated with 
particles. Ravindra et al. [25] reported similar 
observation in Flanders. The second largest 
contributor is the LMW-PAHs and these 
compounds cannot be ignored as the vaporous 

phase PAHs have much higher concentration in 
ambient air than in aerosols. 

 

 
 

FIGURE 5 
Relative contributions of PAHs with different 

molecular weight in particle phase (left column) 
and gaseous phase (right column) to total BaPeq. 

 
Table 3. presents the Pearson Correlations 

Coefficients of concentrations of gas-PAHs, air 
pollutants and meteorological parameters. A strong 
positive relationship existed between gaseous PAHs 
and SO2, suggesting gaseous PAHs concentrations 
be influenced by emissions from 
combustion-related activities, i.e. fuel consumption, 
which varied with season. NO2 and CO were found 
to have positive relationships with gaseous PAHs at 
moderate levels. NO2 and CO were mainly released 
from vehicular emission and low temperature 
favored high concentrations of NO2 and CO. The 
negative relationship that existed between gaseous 
PAHs and O3 suggests that rapid O3 formation in 
the urban atmosphere may degrade PAHs. No 
correlation was found in gaseous PAHs and PM10. A 
significant negative relationship between gaseous 
PAHs and temperature was observed. Other 
meteorological parameters had weak correlations 
with gaseous PAHs.  

 
 

CONCLUSIONS 

 
The correlations of PM10-bound PAHs with 

conventional air pollutants varied among eight 
cities, which were related with emission source 
types of the pollutants. In general, SO2, CO and O3 
had strong correlations with particle-PAHs in most 
of cities, thus they could be suitable indicators for 
atmospheric particle-bound PAHs levels in the 
Northeast Region of China. Ambient temperature 
expressed an excellent negative correlation with  
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TABLE 3 
Pearson correlation coefficients of gaseous PAHs with air pollutants and meteorological conditions. 

 

parameters 
correlation coefficients with 

PAHs 
parameters 

correlation coefficients with 
PAHs 

SO2 0.923** PM10 -0.112 
NO2 0.569** T -0.964** 
CO 0.756** WS -0.16 
O3 -0.861** RH 0.076 

**: correlation is significant at the 0.01 level (2- tailed) 
 

PM10-bound PAHs at all sampling sites, and the 
correlation coefficients varied from -0.858 to -0.562. 
LMW-PAHs and MMW-PAHs had better 
correlations with temperature than HMW-PAHs 

The highest PM10-BaPeq in particle was found 
in FS city with a value of 28.85 ng/m3, followed by 
JL, HEB, HLD, SY, AS, CC and DQ with values of 
23.51, 13.17, 12.77, 12.04, 11.72, 10.33 and 5.10 
ng/m3, respectively. HMW-PAHs dominated the 
PM10-BaPeq with the percentage in the range of 
86.55 - 90.56 %, while they accounted for 
14.56-33.02 % of PM10-PAHs. SO2, O3, CO and 
temperature were the most important factors 
controlling the concentrations of PM10-BaPeq. 
PM10, NO2, wind speed and relative humidity were 
weakly correlated with PM10-BaPeq. The multiple 
linear regression analysis was performed to predict 
the concentrations of PM10-PAHs and PM10-BaPeq 
with respect to meteorological parameters and air 
pollutants concentrations. The coefficients (R2) 
were found to be 0.9563 and 0.9196 , respectively. 

The PAHs concentrations in gaseous phases 
were predicted according to gas/particle partition 
coefficient. The predicted concentrations of PAHs 
in gaseous phase were 1057.47-2126.05 ng/m3, 
accounted for 86.08%-95.01% of the total 
(gas+particle) PAHs concentrations. LMW-PAHs 
dominated the gaseous PAHs concentrations. BaPeq 
in gas was 3.35-7.82 ng/m3, accounted for 
19.04%-38.94% of the total BaPeq (gas+particle). 
HMW-PAHs in particulate phase were the largest 
contributor to BaPeq levels, whereas these 
compounds only accounted for 0.77%-4.92% of the 
total PAHs (gas+particle).  
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ABSTRACT 
 

In our experiment, we employed transmission 
electron microscopy (TEM) and immune colloidal 
gold technique to analyze structural damage and 
subcellular localization of metallothionein (MT) in 
the testis of Acrossocheilus fasciatus after a certain 
concentration (5 mg/L) of cadmium (Cd) exposure 
for 48 h. Results showed that the testis was a target 
following acute Cd poisoning, including 
vesiculation in cytoplasm, membrane defect and 
bulge, abnormity of nucleus, and mitochondrial 
injury in spermatids and spermatozoa. MTs, a 
family of low molecular weight and cysteine-rich 
proteins, are distributed in most organisms. They 
can be bound by specific metal ions to form non-
toxic complexes, and then play roles in essential 
metals homeostasis, toxic metals detoxification, and 
oxidative stress defense. In the testis of A. fasciatus, 
MTs were found in cytoplasm and nucleus of germ 
cells, and some of them were excreted from cells, 
indicating their possible functions in testis 
protection. 
 
 
KEYWORDS: 
Acrossocheilus fasciatus, cadmium exposure, 
metallothionein, testis, transmission electron microscopy, 
immune colloidal gold technique. 
 
 
INTRODUCTION 

 
Metallothionein (MT) is a kind of metal-

binding protein characterized by low molecular 
weight (6-7 kDa) and rich cysteine content [1-3]. 
Various MT isoforms such as MT-I, MT-II, MT-III 
and MT-IV have been found in diverse organisms 
[4]. As stress protein, MT participates in a series of 
physiological and biochemical processes, especially 
in response to environmental stress. 

With the development of industry and 
agriculture in recent years, inland water is subjected 
to different degrees of heavy metal pollution [5-6], 
which has caused great damage to aquatic life. 

Cadmium (Cd) is deposited in organisms mainly 
through water and food. Cd is able to combine with 
the thiol proteins, resulting in inhibition or loss of 
the activity of various enzymes, dysfunction of 
visceral organs, bone variation, neuropathy and 
gonad injury [2, 3, 7]. 

Fish are widely distributed in aquatic 
ecosystems and occupy an important position in the 
aquatic food chain. The fish species with strong 
fecundity are sensitive to physical, chemical and 
biological changes in the aquatic environment. 
Therefore, fish is considered to show great 
application value in toxicology and ecological risk 
assessment [8]. 

Acrossocheilus fasciatus, belonging to 
Osteichthyes, Cypriniformes, Cyprinidae, Barbinae, 
Acrossocheilus, is a kind of economically important 
stream fish. In order to reflect the response of A. 
fasciatus to Cd toxicity, we studied the cell damage 
and the subcellular localization of MT in the testis 
of artificial breeding A. fasciatus after Cd stress. 
We aimed to accumulate the research data of 
molecular-reproductive toxicology of A. fasciatus. 
 

 
MATERIALS AND METHODS 

 
Materials. Healthy and sexually mature male 

stream fish, A. fasciatus (weight: 100 ± 5 g), were 
purchased from Shenglong Aquaculture Farm 
(Ningbo, Zhejiang, China). The sampling time is 
August, 2014. 

The experimental water was the dechlorinated 
tap water after 3 days of aeration. The pH was 7.1 ± 
0.2, dissolved oxygen was 4.0 ± 0.1 mg/L and 
temperature was maintained at 25.5 ± 1.4 ºC. 

 
Methods. Acute toxicity test. A total of 20 

fish were equally placed in two 100×20×50 cm 
aquariums (each contains 50 L experimental water). 
Fish were acclimatized to the experiment conditions 
with continuous aeration for 24 h. In our 
experiment, the Cd2+ concentration was set up as 5 
mg/L, which is 1000 times than that of the safety 
standard (0.005 mg/L "Fishery Water Quality 
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Standard" (GB11607-89, China)). The two 
aquariums were designated as control group (0 
mg/L Cd2+) and treatment group (5 mg/L Cd2+). 
Cd2+ soaking method was used in the 48 h acute 
toxicity test, guaranteed by continuous aeration and 
ordinary photoperiod. During the experiment, we 
observed the activities of fish every 2 h and 
removed dead fish promptly. 

 
Transmission electron microscopy (TEM). 

After Cd exposure for 48 h, the testis specimens (1 
mm3) of both control and treatment group were 
obtained. The specimens were fixed in 2.5% 
glutaraldehyde at 4 ºC for 5 h. After washing 3 
times (10 min for each) with 0.1 M phosphate 
buffered saline (PBS), the specimens were further 
fixed in 1% osmium acid for 2 h. Dehydration of 
gradient ethanol was conducted as follows: 30% 
ethanol for 15 min, 50% ethanol for 15 min, 70% 
sodium acetate/ethanol saturated solution for 8 h, 
80% ethanol for 15 min, 95% ethanol for 15 min 
and ethanol for 2 times (40 min for each). After 
that, polymerization and embedding was performed 
as follows: epoxy propane for 30 min; poxy 
propane and epoxy resin (1:1) for 2 h; poxy 
propane and epoxy resin (1:2) for 1 h; Epon812 
epoxy resin for 2 h; epoxy resin at 45 ºC for 12 h; 
and epoxy resin at 65 ºC for 48 h. Then, the 
embedded blocks were cut into 70 nm ultrathin 
sections, and stained with uranyl acetate and lead 
citrate. Finally, the ultrastructural injury of testis 
after Cd exposure was detected under a 

transmission electron microscope (JEM-
1230, Japan). 

Immune colloidal gold technique. The 
remaining testicular tissue of the Cd-treated group 
was fixed with mixture of 1% paraformaldehyde 
and 0.05% glutaraldehyde at 4 ºC for 5 h. The 
sections of testis were obtained by ultrathin 
sectioning technique. After washed by deionized 
water, the nonspecific antibody binding sites of the 
sections were blocked by 10% goat serum. Then the 
sections were incubated with anti-MT primary 
antibody (rabbit polyclonal antibody; Santa Cruz, 
USA) overnight at 4 ºC; the negative control used 
deionized water instead of primary antibody. The 
next day, the sections were rinsed 3 times with PBS 
(5 min for each). The colloidal gold (secondary 
antibody; Wuhan Boster Company, China) was 
then added to the sections at 37 ºC for 30 min. After 
washing the sections with PBS and deionized water 
orderly, uranyl acetate and lead citrate were added 
to stain. The subcellular localization of MT in the 
testis after Cd stress was observed by transmission 
electron microscopy. 

 
 

RESULTS 
 
Cd-induced injury in the testis. Normal 

spermatids and spermatozoa. The spermatids and 
spermatozoa of fish in the control group exhibited 
integrated nuclear and plasma membrane, normal 
nucleus with uniform chromatin and well-organized 
mitochondria (Figs. 1A-D). 

 

 
 

FIGURE 1 
 Histological analysis of A. fasciatus testis from the control group by TEM. A and B. normal spermatids. 
C. cross section of normal spermatozoa. D. longitudinal section of normal spermatozoa. N: nucleus, m: 

mitochondria, f: flagellum. The scale bar is 500 nm.
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Testicular injury after Cd exposure. After 5 
mg/L Cd2+ exposure for 48 h, serious damage in the 
testis of fish was observed. As depicted in Fig. 2, 
we observed vesiculation, nuclear abnormality and 
membrane damage in the testis cells. Moerover, the 
membrane of the nucleus and cytoplasm of germ 
cells were blurred as shown in Figs. 3A, B and D. 
Mitochondrial injury, characterized by 
vacuolization, was visible in Figs. 3C and D. 

Distribution of MTs in the testis of 
fish exposed to Cd. On the sections incubated with 
primary antibody (anti-MT serum), MT expression 
was detected in both cytoplasm and nucleus of 
spermatids and spermatozoa (Figs. 3A-D). In 
addition, MT can be excreted from the spermatids 
to intercellular substance (Fig. 3A). The negative 
control did not show any MT signal (data not 
shown). 

 
 

 
 

FIGURE 2  
Histological analysis of A. fasciatus testis from the Cd-treated group by TEM. A. vacuolization in the 

spermatids (arrows). B. abnormal nucleus of the spermatid (asterisk). C. membrane bulge (arrows) and 
loose chromatin (asterisk) in the spermatozoa. D. membrane defect in the spermatozoa (arrow). N: 

nucleus, m: mitochondria. The scale bar is 500 nm. 
 
 

 
 

FIGURE 3  
Subcellular localization of MT in A. fasciatus testis after Cd exposure (arrows: MT expression signals). A. 
MTs expression in cytoplasm and MT excretion from the spermatid. B. MTs expression in cytoplasm and 
nucleus of the spermatid. C. MTs expression in nucleus and boundary between nucleus and cytoplasm of 
the spermatid. D. MT expression in the neck region of the spermatozoa. N: nucleus, m: mitochondria, f: 

flagellum. The scale bar is 200 nm. 
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DISCUSSION AND CONCLUSIONS 
 

In most toxicity tests, testis is hypersensitive 
to heavy metals [9-10]. Previous studies showed 
that acute Cd exposure would cause destruction of 
blood-testis barrier, germ cell damage, and 
testicular edema, hemorrhage and necrosis in 
vertebrates such as mammalians [11-13], 
amphibians [14-15], and fish [3], and invertebrates 
such as crustaceans [2, 16]. 

In terms of aquatic animals, waterborne metals 
were taken up by gill and intestine, and then 
transported to other parts of body through blood 
circulation. In this study, the acute toxic effect of 
Cd on the histological structure of A. fasciatus testis 
was investigated by submicroscopic technique. 
Results showed that there was a significant change 
in the ultrastructure of the testis treated with Cd2+ 
(Figs. 2 and 3). 

The production of reactive oxygen species 
(ROS) is mainly attributed to Cd toxicity [17]. It is 
known that ROS is able to induce cell autophagy, 
which is accompanied by vacuolization. Biological 
components are swallowed by vacuoles and 
transported to lysosomes for degradation [18]. This 
is a cellular stress response to heavy metal 
pollution. ROS also functions as stimulators of lipid 
peroxidation [19-20]. In addition, Cd2+ exposure is 
capable of disturbing the antioxidant defense 
systems [21]. Therefore, these physiological 
processes may result in oxidative cellular stress 
[22] which is reported to be associated with the 
injury of structure and function of membranes [16, 
23]. It is worthwhile to note that the abnormity of 
nucleus is generally put down to the apoptosis of 
germ cells [24-25]. Past studies have demonstrated 
that Cd administration changed the expression of 
some specific genes (e.g., c-myc) to exceed a limit 
value in spermatogenic cells differentiation, leading 
to cell apoptosis [26]. Although a thorough 
understanding of the mechanisms related to the 
mitochondrial toxicity in fish caused by Cd has not 
been reported, we can find that several discoveries 
are sure to provide a reference. For example, Cd 
may induce mitochondrial permeability transition 
[27], oxidative damage [28], and disintegration in 
the impairment of ATP formation [29]. 

In response to the toxicity of Cd, the 
antioxidant defense systems, including enzymatic 
and non-enzymatic system, would in turn fight 
against this stress [20]. The non-enzymatic 
antioxidant response includes some low molecular 
weight proteins (e.g., MT), which could reduce the 
ROS level by scavenging free radicals. As a kind of 
stress protective protein, MT is widely distributed 
in vertebrates and invertebrates [3, 30-33].In testis, 
the observation of MT signals in germ cells proved 
that they play a role in male reproduction [2, 3, 32, 
34]. In order to detect MT localization after Cd 
exposure in a more clear way, immune colloidal 

gold technique was used in our study. Results 
indicated that MTs localize not only in the 
cytoplasm and nucleus of germ cells, but also in 
intercellular substance (Fig. 3). 

MT gene can be activated by ROS [35], and 
then more MT proteins are synthesized to bind 
toxic metals. In addition, MT is first translated from 
its mRNA in cytoplasm, and then transported by 
lysosomes to nucleus and extracellular space [36-
37]. The distribution of MT in germ cells suggests 
its potential role in testis detoxification. In the 
present study, however, the MT signals were more 
in spermatids than those in spermatozoa. This can 
be explained by the significant loss of cytoplasm 
during spermiogenesis, causing the decrease in the 
synthesis of MT. 

As mentioned above, Cd-induced injury and 
response of MT in the testis are depicted in Fig. 4. 
Taken together, although a thorough understanding 
of the mechanisms related to the mitochondrial 
toxicity in fish caused by Cd has not been reported, 
our study proposed a speculation that the Cd stress 
would up-regulate the ROS level in the testis of A. 
fasciatus, disrupting the membrane integrity and 
even cell apoptosis/necrosis, then the MT expresses 
to deal with the oxidative stress and protect this 
tissue against toxicity. 

 
FIGURE 4 

A mode for Cd-induced injury and response of 
MT in the testis. Where arrows with +  

represent promoter action, whereas arrows with 
-  indicate inhibitory action. Black dot:  Cd2+, 

N: nucleus, C: cytoplasm, NM: nuclear 
membrane, CM: cytoplasma membrane and 

ROS: reactive oxygen species. 
 
 
In this work, we analyzed testicular injury and 

subcellular localization of MT in A. fasciatus 
exposed to Cd. Histological analysis revealed the 
toxicity of Cd to the testis of the fish. Furthermore, 
the result of immunoelectron localization indicated 
that MT responded to Cd toxicity with a 
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distribution pattern in the testis. Thus, we suggest 
that MT is a potential biomarker for monitoring Cd 
contamination. 
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ABSTRACT 

 
In order to enhance removal of dissolved 

organic matter (DOM) in waste water treatment 
plant (WWTP) secondary effluent, a novel 
acid-modified-attapulgite/Al2(SO4)3 adsorbent was 
studied. The adsorbent structure was characterized 
by SEM and FT-IR. Physic-chemical parameters 
such as the dose of acid and Al2(SO4)3 for 
modification, equilibrium time, pH, and optimal 
dosage of adsorbent were studied to evaluate their 
influences on DOM removal in a serious orthogonal 
and single factor batch adsorption experiments. The 
variations of DOM fractionations caused by these 
influences were expressed by three-dimension 
fluorescence excitation emission matrix (EEM). 
Results showed that the surface of acid-modified 
attapulgite was extremely smooth with less 
impurity. Specific surface areas and adsorption sites 
obviously increased after loading with aluminum 
salts. The removal efficiency of DOM was the 
highest, when the acid-modified concentration was 
0.5mol/L. The maximal loading capacity of 
Al2(SO4)3 for acid-modified attapulgite was 0.5ml/L. 
The highest removal efficiencies of TOC and UV254 
were up to 64.7% and 33.7%, respectively, when 
the optimal adding dosage of adsorbent was 
500mg/L and pH was 5. The adsorption equilibrium 
time of adsorbent was 30min. This adsorbent was 
proved to be effective removal for humic and 
fulvic-like substances of DOM. 

 
 

KEYWORDS: 
Dissolved organic matter, acid-modified- 

attapulgite/Al2(SO4)3 adsorbent, secondary effluent, 

attapulgite. 

 
 

INTRODUCTION 

 
Attapulgite, also known as palygorskite, is a 

kind of crystalline hydrated magnesium aluminum 
silicate mineral with a fibrillar structure [1]. In 
1862, the Russian scholar Tsavtchenko first 
discovered this mineral in Ural Mining, and 
thereafter, a French scholar Lapparent named it 
after Attapulgite in Georgia of the United States in 
1935 [2]. The theoretical half unit-cell formula of 
attapulgite mineral is Mg5Si8O20(OH)2(OH2)4·4H2O, 
and its crystal structure model was first proposed by 
Bradley in 1940 [3]. The basic structure unit 
consists of a series of double strands in the 
silicon-oxygen tetrahedron, paralleling to the 
carbon shaft. Each strand is connected via an 
oxygen atom, while each double stranded is 
coordinative and linked by hexavalent magnesium 
atoms. The active oxygen atoms of silicon-oxygen 
tetrahedron, in a group of 4, vertically arrange in a 
row and finally form a layered structure. In these 
crystal structures, there is a series of tunnels. 
Therefore, attapulgite has a strong adsorption 
capacity with a large specific surface area [4]. 

However, original attapulgite contains a lot of 
impurities with poor selectivity, which requires 
modification, such as organification, thermal 
modification and acid modification, to improve the 
adsorption capacities for water treatment [5]. 
Wherein, the acid modification has been intensively 
studied. After being soaked in acid, the inner 
structure of attapulgite material partially dissolves 
with insoluble portion supporting the frame, which 
brings to the increase of channel numbers and the 
specific surface area. Meanwhile, carbonate and 
other impurities can be removed after acid-modified 
to dredge channels and enhance permeability. 
Additionally, due to the interchangeability of 
attapulgite cation, H+ with small radius can displace 
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K+, Na+, Ca2+ and Mg2+ and etc. and increase the 
pore volume, making its adsorption capacity 
stronger [6-7]. However, up to now, few literatures 
about loading Al2(SO4)3 with acid-modified 
attapulgite as adsorbent for DOM removal have 
been reported. 

In natural water, DOM, an important ligand 
and adsorption carrier, significantly affects the 
migration behavior of heavy metals and organic 
pollutants [8-9], particularly toxic metal ions, 
herbicides and pesticides [10-11]. In municipal 
wastewater, DOM includes humus substances such 
as humic and fulvic acid, the polysaccharide, 
peptidoglycan and protein-like macromolecules. 
Some of them are refractory and continuously 
accumulate, which results in the low efficiency of 
process system [12]. In drinking water treatment 
process, DOM is the crucial factor that affects 
water quality, which receives much attention for 
technology design and practical operation [13]. For 
instance, DOM concentration and characteristic 
effect the coagulant dosage, the formation of 
disinfection by-products, the growth of 
microorganisms on the pipe network and even 
human health.  

The characterization and elimination of DOM, 
therefore, is crucial to purify water quality and to 
protect human health and safety. In this study, a 
novel acid-modified- attapulgite/Al2(SO4)3 
adsorbent was studied in order to enhance removal 
of DOM in WWTP secondary effluent. The 
physic-chemical parameters such as the dose of 
acid and Al2(SO4)3 for modification, equilibrium 
time, pH, and optimal dosage of adsorbent was also 
conducted to evaluate their influences on DOM 
removal. The findings of this study can provide the 
detailed insights for widely applying attapulgite for 
wastewater reclamation and water resource 
management. 

 
 

MATERIALS AND METHODS 

 
The preparation of acid-modified- 

attapulgite/Al2(SO4)3 adsorbent. The 
preparation of modified attapulgite. The 
dispersant sodium hexametaphosphate was mixed 
with deionized water to form a solution in a 100 ml 
beaker, then a certain amount (3% of the weight of 

was added. In order to analyze the influence of acid 
concentration on attapulgite modification, a series 
of 20ml HCl with the concentrations of 0.1, 0.5, 1.0, 
2.0 and 3.0 mol/L was added into five paralleling 
aforementioned beakers. These breakers were 
placed and mixed on a magnetic stirrer for 90 min 
with the temperature of 30-60 . The mixture 
liquids were performed with ultrasonic dispersion 
for 10min, and then decanted. The upper milky 
suspension was centrifuged (5,000 rpm) for 
dehydration and dried with 105 . Lastly, the 
acid-modified attapulgite was obtained and sealed 
after grinding and sieved through 200-mesh sieve.  

 
The preparation of acid-modified- 

attapulgite loaded with aluminum salts. A certain 
amount of the acid-modified attapulgite was added 
into 0.5mol/L aluminum sulfate solution and placed 
on a magnetic stirrer with the temperature of 
30-60 . After stirring for 90min, the mixture 
liquids were performed with ultrasonic dispersion 
for 10min, and then decanted. The upper layer 
milky suspension was centrifuged (5000 rpm) for 
dehydrated and dried with 105 . Lastly, the 
adsorbent was obtained and sealed after grinding 
and sieved through 200-mesh sieve. 

 
 
 
 

TABLE 1 
The water quality of the effluents from the secondary settling tank of a wastewater plant in Wuhu, China 

(n = 5). 
 

 
DOC 

(mgL 1) 
UV254   (cm 1) 

COD 
(mgL 1) 

TN 
(mgL 1) 

TP  
(mgL 1) 

PH 

Min 55.26 0.096 20.2 5.1 0.4 7.03 

Max 80.32 0.168 41.3 10.0 1.2 7.86 

Average 70.37 0.112 30.5 7.7 0.5 7.58 

Standard 
deviation 

10.21 0.031 8.9 2.34 0.43 0.33 
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The adsorption experiments. The adsorption 
experiments were conducted in series of 250ml 
reagent bottles, a volume of 100ml of water 
samples (the raw water from the secondary settling 
tank of a local wastewater plant with the 
anaerobic-anoxic-oxic process in Wuhu, China, 
Table 1) was added and mixed with the prepared 
constant adsorbent, and shake at a rate of 120 r/min. 
The soluti
membrane for measuring the UV254 and TOC of the 
filtrate. 

 
Analysis methods. Total organic carbon 

(TOC) was measured using a TOC analyzer (OI 
Analytical 1020A, USA). The UV254 was 
determined by a spectrophotometer (UV-752, 
China). 

After freeze-drying, a part of samples was 
gold-coated by a sputter and observed under SEM 
(Hitachi S-4800, Japan). The other part was placed 
in an agate mortar and milled after adding 
potassium bromide (the mass ratio of sample: KBr 
was 1:30), and then measured by a FTIR infrared 
spectrometer (Shimadzu 8400S, Japan).  

The EEM measurements were performed 
using a spectrofluorometer (F-4500, Hitachi, Japan) 
equipped with a 150W xenon lamp at ambient 
temperature of 24 °C. The sample was added into a 
1-cm quartz cuvette with four optical windows for 
the analyses. The emission wavelengths were 
conducted from 220 nm to 550 nm with excitation 
wavelengths from 220 nm to 450 nm. Both of the 
steps and slit widths of emission and excitation 
were 5 nm. The scanning speed was maintained at 
1200 nm min 1 with the response time of 0.004 ns. 
The fluorescence spectrum of Milli-Q water, 
obtained under the same conditions, was subtracted 
from all the spectra to eliminate water Raman 
scattering and to reduce other background noise. 

 
 

RESULTS AND DISCUSSION 

 
The characterization of adsorbent material 

structure. SEM morphology analysis. The SEM 
micrographs of original attapulgite, acid modified 
attapulgite and acid-modified attapulgite loaded 
with aluminum salts were shown in Fig.1. The 
original attapulgite crystals were rod-shaped and 
channels ran through the inner space. Its surface 
displayed irregular and attached a lot of impurities 
(Fig.1 (a)). After acid modified, a part of impurities 
attached on the attapulgite surface was effectively 

removed, which expanded the channel of the holes 
(Fig.1 (b)). However, when the acid concentration 
increased to 3 mol/L, the attapulgite structure was 
probably destroyed (Fig.1 (c)), because the high 
concentration of HCl probably dissolved parts of 
attapulgite crystals [14]. After loaded with 
aluminum salts (Fig.1 (d)), the surface of the 
acid-modified attapulgite became rough and uneven, 
and formed a discontinuous layer as a solid film, 
which increased the distribution number of binding 
sites and the adsorption surface area. 

 
Infrared spectrogram analysis. The infrared 

spectrogram of original attapulgite and 
acid-modified attapulgite loaded with aluminum 
salts were shown in Fig.2. Both of them exhibited 
the characteristic peaks at 850 cm 1,1600 cm 1 and 
2399 cm 1, indicating that the basic structure of 
attapulgite did not change after modification. 
Compared with the original attapulgite, the 
characteristic peaks of modified attapulgite at 1450 
cm 1, 3500 cm 1, 1200 cm 1 and 612-850 cm 1 
disappeared. Additionally, the latter curve 
displayed more obvious characteristic peaks and the 
change trends kept relatively stable, indicating that 
the impurities of attapulgite were effectively 
removed and its crystal structure became stable 
after modified by acid and loaded with aluminum 
salts. 

 
The impact factors of adsorbent material. 

The influence of acid concentrations for 
modification on DOM removal. A series of 
attapulgite modified by different acid 
concentrations were tested to remove DOM in 
WWTP secondary effluent under pH=5 after 30 
min, the DOM removal efficiency was shown in 
Figure 3. The results demonstrated that there was 
significant influence of acid concentrations for 
modification on DOM removal. Both of the 
removal rates of TOC and UV254 increased with 
acid concentration. When the acid concentration 
increased from 0.1 to 0.5 mol/L, the TOC removal 
rate increased from 10.3 to 27.3%, while the UV254 
removal rate kept at 38.6%. With acid 
concentration up to 1.0 mol/L, the UV254 removal 
reached to 42.9% at the maximum. After modified 
by acid, the inner structure of attapulgite partially 
dissolved, which was benefit for the increase of 
channel numbers and the specific surface area. 
Meanwhile, the acids could remove the carbonate 
and other impurities, which dredge the channels and 
enhance the permeability. Additionally, due to the 
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exchangeable cations of attapulgite, H+ with small 
radius in acids probably displaced K+, Na+, Ca2+ 
and Mg2+ and other ions, which increased the pore 
volume and the adsorption capacity of attapulgite. 

However, when the acid concentration was up 
to 3.0mol/L, the TOC removal rate decreased to 
9.1%, indicating declined adsorption performance. 
It is related to the high acid concentration, which 

destroyed the octahedral structure of attapulgite. 
Furthermore, its tetrahedral structure lost the 
support and caused the total structure collapse. 
Therefore, the specific surface area of attapulgite 
decreased with decrease of adsorption capacity [15], 
as it is also evidenced by the aforementioned SEM 
images. 

 
 

 

 

 
 

The SEM images of (a) original attapulgite, (b) 0.5mol/L HCl-modified attapulgite, (c) 3mol/L 
HCl-modified attapulgite, and (d) acid-modified attapulgite loaded with aluminum salts. 

 
 

 

 
FIGURE 2 

The infrared spectrogram of (a) original attapulgite and (b) acid-modified attapulgite loaded with 
aluminum salts. 

 

 

(a) 

(c) (d) 

(b) 
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FIGURE 3 
The influence of acid concentration for 

attapulgite modification on DOM removal. 
 
 

 

FIGURE 4 
The influence of aluminum salt concentration 
for attapulgite modification on DOM removal. 

 
 

The influence of aluminum salt 
concentrations on DOM removal. A series of 
acid-modified attapulgite loaded with aluminum 
salt were tested to remove DOM in WWTP 
secondary effluent under pH = 5 after 30 min, the 
DOM removal efficiency was shown in Figure 4. 
When Al2(SO4)3 concentration was 0.1 mol/L, the 
removal rate of UV254 was 26.1%, which was lower 
than that of attapulgite only modified by acid. With 
increased Al2(SO4)3 concentration, the DOM 
removal efficiency correspondingly increased. 
When Al2(SO4)3 concentration increased up to 
0.5mol/L, the DOM removal rate reached 39.3% at 
the maximum. It was related to the cation exchange 
between the acid-modified attapulgite and 
aluminum salts. When aluminum salt concentration 
was low, a large number of H+ was difficult to be 
displaced from the crystal structure of attapulgite. 
With increased concentration of aluminum salt, the 
exchange capacity enhanced and the pore volume 
increased, which made the adsorption capacity of 
this adsorbent stronger. 

However, after continuously increasing 
aluminum salt, the DOM removal efficiency 
declined. On one hand, it suggests that the 
exchange among Al3+, H+ and other cations of 
acid-modified attapulgite became saturation, when 
the loading of aluminum salts were at equilibrium. 
On the other hand, due to the increase of Al3+ 
concentration, it probably formed the hydrated 
aluminum oxide and deposited onto the 
microporous channels of the attapulgite, which led 
to the decrease of DOM removal. 
 

 

 

FIGURE 5 
The influence of adsorption equilibrium time on 

DOM removal. 
 
 

The influence of adsorption equilibrium 
time on DOM removal. A series of 
acid-modified-attapulgite/Al2(SO4)3 adsorbent were 
tested to remove DOM in WWTP secondary 
effluent under pH=5 with different adsorption time, 
the DOM removal efficiency was shown in Figure 5. 
In the initial stage, the DOM removal efficiency by 
this adsorbent rapidly increased with time, and 
reached the maximum after 30min. Although the 
desorption phenomenon probably occurred 
thereafter, overall, the DOM removal efficiency 
tended to be relatively stable. The adsorption of 
composite adsorbents depended on time intervals, 
as it was co-influenced by the rapid surface 
adsorption and the slow internal diffusion [16]. 

 
The influence of pH on DOM removal. A 

series of acid-modified-attapulgite/Al2(SO4)3 
adsorbent were tested to remove DOM in WWTP 
secondary effluent under different pH after 30 min, 
the DOM removal efficiency was shown in Figure 6. 
When pH changed from 4.13 to 5.00, the TOC 
removal rate increased from 50.0% to 64.7% at the 
maximal, while the UV254 removal rate remained at 
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about 33%. When pH was larger than 5.00, the 
TOC removal rate dramatically declined. If pH was 
7.00, the TOC removal rate was only 4.7%. 
Therefore, it suggests that a lower pH was benefit 
for the composite adsorbent for DOM removal. It is 
probably related to the positive charge on the 
surface of the adsorbent. Generally, UV254 is an 
indicator of humic-like substances with negative 
charge, which could be effectively adsorbed onto 
the adsorbent by electrostatic interaction under low 
pH [17]. The lower pH value, the stronger 
electrostatic effect, consequently, the DOM 
removal rate was better at lower PH value. 

 
 

 

FIGURE 6 
The influence of PH on DOM removal. 
 
 
The influence of adsorbent dosages on 

DOM removal. A series of dosage of 
acid-modified-attapulgite/Al2(SO4)3 adsorbent were 
tested to remove DOM in WWTP secondary 
effluent under pH = 5 after 30 min, the DOM 
removal efficiency was shown in Figure 7. Within a 
certain range from 100 to 400 mg/L, the increase of 
the adsorbent dosage gradually improved the DOM 
removal efficiency. When the adsorbent dosage was 
400 mg/L, the TOC and UV254 removal rates were 
47.6% and 24.4%, respectively. If continuously 
increased the adsorbent dosage, their removal rates 
slowly improved and reached the maximal of 50% 
and 33.7% with the dosage of 500 mg/L. Therefore, 
the optimal dosage of acid-modified-attapulgite/ 
Al2(SO4)3 adsorbent for DOM removal was 500 
mg/L. However, when the adsorbent dosage was 
larger than 500 mg/L, the DOM removal decreased, 
suggesting that this adsorbent was heterogeneous. It 

probably caused by the uneven distribution of 
aluminum salts on the attapulgite during the 
preparation of the adsorbent. 

 
 

 

FIGURE 7 
The influence of adsorbent mass on DOM 

removal. 
 
 

EEM fluorescence spectra analysis. Due to 
its ability to distinguish among certain classes of 
DOM in treated water [18], EEM fluorescence 
spectroscopy was employed to identify the 
chemical composition of DOM and their variations 
influenced by the 
acid-modified-attapulgite/Al2(SO4)3 adsorbent. The 
EEM fluorescence spectrum of DOM (Fig. 8) 
contained four fluorescence peaks: peak C, peak A, 
peak T1 and peak T2 Ex/Em = 
(230-260)/(350- Ex/Em = 
(300-370)/(350-450) nm] represented fulvic-like 
and humic-like substance respectively, and peak T1 

Ex/Em = (270-300)/(350-400) nm] and peak T2 

Ex/Em = (220-250)/(270-370) nm] represented 
tryptophan-like and tyrosine-like substances [19]. 
After treated by the adsorbent, the humic-like and 
fulvic-like acids dramatically reduced, while the 
tryptophan-like and tyrosine-like proteins almost 
unchanged (Figure 8). After treated by the 
acid-modified attapulgite, only humic-like acid 
significantly changed, other fulvic-like acid, 
tryptophan-like and tyrosine proteins did not 
significantly change. Therefore, compared with 
these two methods, the 
acid-modified-attapulgite/Al2(SO4)3 was a better 
adsorbent for DOM removal. 
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FIGURE 8 
The EEM spectra of the DOM in (a) the raw water, (b) the composite adsorbent, and (c) the acid-modified 

attapulgite. 
 
 

CONCLUSIONS 

 
(1) After acid modification, the surface of the 

attapulgite became smooth and pure, and after 
being loaded with aluminum salts, its adsorption 
sites increased.(2) When the acid concentration was 
0.5 mol/L, the DOM removal efficiency by the 
modified attapulgite was the maximum, and the 
loading capacity of Al2(SO4)3 onto the 
acid-modified attapulgite was 0.5 mol/L. (3) The 
adsorption equilibrium time of the 
acid-modified-attapulgite/Al2(SO4)3 adsorbent was 
30 min. (4) The acid-modified- 
attapulgite/Al2(SO4)3 adsorbent mainly removed the 
fulvic-like and humic-like substances of the DOM 
in WWTP secondary effluent. 

 
 
 

ACKNOWLEDGEMENTS 

 
This work was supported by the Funds of 

Anhui Provincial Natural Science (1608085MB45). 
 
 
REFERENCES 

 
[1] Wang J.H., Han X., Ma H.,Ji Y. and Bi 

L.(2011). Adsorptive removal of humic acid 
from aqueous solution on 
polyaniline/attapulgite composite,Chem. Eng. 
J.,173,171-177.  

[2] Xu J. and Fang Y.(1982). Chinese 
classification and nomenclature of clay 
minerals, J. Chin. Ceram. Soc., 1, 1-8. 

[3] Bradley W.(1940). The structural scheme of 
attapulgite, American Mineralogist, 25, 
405-410. 

C 
T1

T2

(a) 

(c) 

C 

A 

T1

T2

(b) 

C 

A T2

T1

A 



© by PSP  Volume 25  No. 11/2016, pages 4637-4644    Fresenius Environmental Bulletin  

4644 

 

[4] Shen L.,Lin Y.,Du Q., Zhong W. and Yang 
Y.(2005). Preparation and rheology of 
polyamide-6/attapulgite nanocomposites and 
studies on their percolated structure, Polym. J., 
46,5758-5766. 

[5] Pan H. G. and Chen D. J.(2007). Preparation 
and characterization of 
waterbornepolyurethane/attapulgite 
nanocomposites, Eur. Polym. J., 43, 
3766-3772. 

[6] Yi H. B. and Kong M.(2014). Simultaneous 
removal of ammonium and phosphate from 
eutrophicwaters using natural calcium-rich 
attapulgite-based versatile adsorbent, 
Desalination, 351, 128-137. 

[7] Niu Z. W.,Fan Q. H., Wang W. H., Xu J. Z., 
Chen L. and Wu W. S.(2009) .Effect of 
pH,ionicstrengthandhumicacidonthesorptionof
uranium(VI) to attapulgite, Appl. Radiat. Isot., 
67,1582-1590. 

[8] Zhang G. K., He Z. L. and Xu W.(2012). A 
low-cost and high efficient zirconium- 
modified-Na-attapulgite adsorbent forfluoride 
removal from aqueous solutions, Chem. Eng. 
J.,183,315-324. 

[9] Ma J. F., Zou J.,Li L. Y., Yao C., Kong Y., Cui 
B. Y., Zhu R. L., Li D. L., Nanocomposite of 
attapulgite Ag3PO4for Orange II 
photodegradation, Appl. Cata. B.,144, 36-40. 

[10] Gjessing E. T. and Lee G. F.(1976). 
Fractionation of organic matter in natural 
waters on sephadex columns, Environ. Sci. 
Technol., 1, 631-638. 

[11] Swift R. S. and Posner A. M.(1971). Gel 
chromatography of humic acids, Soil Sci., 22, 
237-249. 

[12] Reuter J. H. and Perdue E. M.(1981). 
Calculation of molecular weight of humic 
substances from colligative data application 
to aquatic humus and its molecular size 
fractions, Geochim. Cosm. Acta, 45, 
2017-2022. 

[13] Thurman E. M., Wershaw R. L., Malcolm R. L. 
and Pinckney D. J.(1982). Molecular size of 
aquatic humic substances. Org. Chem., 4, 
27-35. 

[14] KalbitzSolinger K, etal.(2000). Controls on 
the dynamics of dissolved organic matter in 
solids,Soil Sci., 165(4), 277-304. 

[15] Amy G. L., Collins M. R.,Kuo C. J., 
etal.(1987). Comparing gel permeation 
chromate-graphy and ultrafiltration for the 
molecular weight characterization of aquatic 

organic matter, J. AWWA., 79(1), 43-49. 
[16] Feng L,Xu W. H., Liu T. F. and Liu J. S.(2012). 

Heat regeneration of 
hydroxyapatite/attapulgite composite beads 
fordefluoridation of drinking water, J. Hazard. 
Mater., 221-222, 228-235. 

[17] Qian Z. Z.(2001). The development of FCC 
stripping technology, Acta Petr. 
Sin.( Petroleum Processing Section) , 19(1), 
62-66  

[18] Liu T, Chen Z, Yu W and You S.(2001). 
Characterization of organic membrane 
foulants in a submerged membrane bioreactor 
with pre-ozonation using three-dimensional 
excitation-emission matrix fluorescence 
spectroscopy, Water Res., 45, 2111-2121. 

[19] Liu Y. W., Li X,Yang Y. L.,Ye W. L.,Ji S. 
Y.,Rena J. W. and Zhou Z. W.(2014). 
Analysis of the major particle-size based 
foulants responsible for ultrafiltration 
membrane fouling in polluted raw water, 
Desalination, 347, 191-198. 

 
 
 
 

 
Received:  07.01.2016 
Accepted: 23.07.2016 
 
 
CORRESPONDING AUTHOR 

 
Xiaoguang Xu 
School of Environment 
Nanjing Normal University 
Nanjing 210023  CHINA 
 
E-mail:  xxg@eco.civil.tohoku.ac.jp 



© by PSP  Volume 25  No.11/2016, pages 4645-4650  Fresenius Environmental Bulletin  

4645

 
REMOVAL OF ORANGE II BY ZERO-VALENT IRON-

COMPOSITED ORGANOBENTONITE 
 

Luxiang Cai* 
 

Ningbo Dahongying University, Xueyuan Road 899, Ningbo, Zhejiang China, 315175 
 

ABSTRACT 
 

A novel material, zero-valent iron-composited 
organobentonite (NZVI-OB), was synthesized to 
removal the dye from wastewater by adsorption and 
to degrade the dye to avoid the secondary pollution. 
The effect of initial concentration of Orange II and 
the reaction time on the removal was examined. 
The removal mechanism was discussed. Results 
showed that Orange II could be efficiently removed 
by NZVI-OB. The maximum adsorption amount 
was 112.66 mg/g. with the assistant of iron, the 
organic compounds was effectively degraded after 
adsorption. After the oxidation, the carbon contents 
of organic pollutants were reduced to 19% of the 
original value. 
 
 
KEYWORDS: 
Zero-valent iron, Bentonite, Dye wastewater, Adsorption, 
Degradation 
 
 
INTRODUCTION 

 
Nano zero-valent iron (NZVI) is selected as 

wastewater treatment technology because of its 
special properties, such as high specific surface area 
and very reactive surface. However, NZVI can be 
oxidized, and the lifetime of NZVI particles are 
limited. Reaction sometimes occurs between 
dissolved oxygen and NZVI before NZVI reacts 
with the contaminants [1]. 

Surfactant-modified bentonite 
(organobentonite) is suitable for all types of organic 
pollutant removal because of its hydrophobic 
properties and unique layer structure. The 
adsorption mechanism for acid dye removal is 
anion exchange[2]. The more surfactant load on the 
bentonite, the more active sites are obtained for 
adsorption. However, organobentonite has its own 
drawbacks as adsorbent, such as the transfer of 
pollutants or difficulties in regeneration. 

Therefore, in this study, NZVI-composited 
organobentonite (NZVI-OB) was synthesized to 
adsorb acid dyes (Orange II). On the one hand, 
NZVI can increase the modified capacity of 
surfactant to promote the adsorption of Orange II 
because zero-valent iron off-occupies the exchange 

positions in the bentonite layer, which can reach a 
high load capacity. On the other hand, the iron ion 
can be utilized to catalyze-oxidize contaminants 
when zero-valent iron is oxidized. In this study, the 
factors of dye wastewater treated with NZVI-OB 
were analyzed. The removal mechanism of dye 
wastewater was discussed preliminarily to provide 
theoretical basis for future use. 
 

 
MATERIALS AND METHODS 

 
Experimental Materials. The reagents used 

in the experiment, namely, Orange II, ethanol, 
sodium borohydride, cetyltrimethylammonium 
bromide (CTMAB), anhydrous sodium carbonate, 
and ferric chloride, were analytically pure. The 
concentration of hydrogen peroxide (H2O2) solution 
was 30%. Natural bentonite composed primarily of 
Ca2+-montmorillonite was obtained from Tianyu 
Co., Ltd. (Inner Mongolia, China) and used without 
any purification for the modification. 

 
Preparation of NZVI-OB. Preparation of 

Iron Hydroxyl (OH-Fe)-pillared Bentonite: OH-Fe 
solution was prepared by stirring 1 L of FeCl3 
solution (0.6 mol/L) with dropwise addition of 
NaCO3 solution. Final hydrolysis ratio was 
OH:Fe=1.0. The complex solution was stirred for 2 
h and then was allowed to age overnight. The OH-
Fe-pillared bentonite was prepared by adding 30 g 
of bentonite to 100 mL of OH-Fe-pillared solution. 
The solution was stirred and water bathed at 60 °C. 
The suspension was allowed to age for several 
hours after stirring for 2 h. The sample was then 
washed several times with distilled water and then 
dried in a hot air oven for further use. 

Preparation of NZVI-OB: Fe0-pillared 
bentonite suspension was prepared by oscillating 
the OH-Fe-pillared bentonite with 30 mmol NaBH4. 

The color of the suspension immediately changed 
from brown into black because the iron changed 
from Fe3+ to Fe0. Then, the sample was washed 
thrice with absolute ethyl alcohol. NZVI-OB was 
prepared by adding CTMAB solutions to an ethanol 
suspension of the Fe0-pillared bentonite. The 
sample was oscillated for 3 h and then centrifuged. 
The clay was dried in a vacuum drying oven for 
further use. 
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Operation. Adsorption Isotherms: NZVI-OB 
(50 mg) was added into the Orange II solution at 
various concentrations. Then, the solution was 
oscillated for 3 h at 25 ± 1 °C and 150 rev/min and 
centrifuged for 10 min after adsorption equilibrium 
at 25 °C and 4000 rev/min. Then, concentration of 
the supernatant was analyzed. The experimental 
method of initial Orange II concentration and pH on 
the removal of Orange II by the NZVI-OB is 
similar to the method of adsorption isotherm.  

Effect of Reaction Time: A certain amount of 
NZVI-OB was added to 200 mL of Orange II 
solutions. The sample was oscillated. Sampling was 
performed at set intervals, and the samples were 
centrifuged for 10 min at 25 °C and 4000 rev/min. 
The concentration of the supernatant was analyzed, 
and removal rate was calculated. The experiment 
was repeated twice. 

Contaminant Degradation: A certain amount 
of NZVI-OB saturated by adsorption of Orange II 
solutions was weighed and oscillated in a 
thermostatic oscillator at 25 ± 1 °C and 150 
rev/min. Sampling was performed at set intervals, 
and samples were centrifuged for 10 min at 25 °C 
and 4000 rev/min. Then, the concentration of 
supernatant was analyzed. TOC analyzer was used 
to determinate the carbon content in the supernatant 
and residual solid. 

 
 

RESULTS 
 
X-ray (XRD) Spectra of Bentonite and 

Modified Bentonite. Experiments used calcium 
bentonite, which was composed of units made up of 
two silica tetrahedral sheets with a central Al 
octahedral sheet. The exchange of calcium ion in 
the bentonite layer with iron and surfactant during 
modification altered the material type and physical 
form in the bentonite layer[3]. Different sizes of 
these substances varied the layer spacing of 
bentonite. Modification process could be 
quantitatively evaluated by determining the bottom 
spacing of bentonite.  

Fig. 1 shows the XRD patterns of the original 
and modified bentonite in the low-angle range. The 
bottom spacing of bentonite was 1.53 nm, minus 
0.96 nm which was the thickness of the two silica 
tetrahedral sheets with a central Al octahedral sheet. 
The spacing of layer was 0.57nm, which was 
equivalent to the size of hydrated calcium. The 
bottom spacing of the OH-Fe pillared bentonite 
(OH-Fe-P-B) was increased to 1.55 nm, which 
shows the successful exchange of iron ions into the 
bentonite interlayer. The bottom spacing of NZVI-
OB was only 1.28 nm, which shows that OH-Fe 
was reduced successfully to zero-valent iron 
because the diameter of zero-valent iron was less 
than that of OH-Fe. The bottom spacing of NZVI-
OB was further increased to 1.66 nm, which shows 

that the surfactant CTMAB was successfully 
traded to the bentonite layer. 
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FIGURE 1 

XRD patterns of original and modified bentonite 
samples 

 
Adsorption Isotherm on Orange II by 

NZVI-OB. Remarkable adsorption was observed 
during the treatment of dye by NZVI-OB. 
Maximum adsorption capacity of the adsorbent was 
determined, and basic adsorption characteristics 
through adsorption isotherm were explored. 

We used Langmuir and Freundlich models to 
fit the results from Orange II. 

Freundlich model is shown as follows:  
Q = KFCe

1/n    (1) 
where KF and n are the Freundlich constant 

and index of adsorption, respectively.  
Langmuir model is determined as follows:  
Q/Qmax = bCe/(1+ bCe)  

 (2)  
where b is Langmuir constant, Qmax is the 

adsorption capacity (mg g-1), and Ce is the 
concentration of the dye solution (mg L-1) at 
equilibrium. 

Langmuir constants b, Qmax, and Freundlich 
constants KF and n are calculated from the plots in 
Fig. 2 and are given in Table 1. The adsorption 
isotherm of Orange II was better fitted with 
Freundlich equation because the correlation 
coefficient of Freundlich equation was close to 1, 
whereas that of Langmuir equation was smaller. 
Absorption was easier when the value of 1/n ranged 
from 0.1 to 0.5, whereas adsorption was difficult 
when the value was greater than 2. In this study, the 
value of 1/n was 0.18, which indicates that NZVI-
OB has a good prospect because of its great 
adsorption affinity. 
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TABLE 1 
Langmuir and Freundlich Constants for the Sorption of Orange II 

 

Langmuir 

 
Qmax  

(mg/g) 

b  
(×10-3 

L/mg) 
rL

2 

Sorbed by NZVI-OB 111.87 0.031 0.657 

Sorbed by 
organobentonite 

106.39 0.426 0.911 

Freundlich 

 
KF(mg/g)  
(L/mg)1/n 

n rF
2 

Sorbed by NZVI-OB 34.64 5.4 0.983 

Sorbed by 
organobentonite 

44.42 5.5 0.959 
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FIGURE 2 
Langmuir and Freundlich constants for the 

sorption of Orange II 
 
Previous studies have integrated bentonite 

with CTMAB[4] and formed double-surfactant 
micelles[5, 6]. Orange II adsorption was followed by 
micelle formation. Orange II was fixed in the 
interlayer of bentonite [7] via the anionic exchange 
between Br- on the CTMAB molecule and Orange 
II ion.  

This study compared the adsorption isotherms 
on the removal of Orange II by NZVI-OB and 
organic bentonite at 25 °C. The results fitted by 
Langmuir and Freundlich adsorption isotherm 
equations on the NZVI-OB and organic bentonite 
are shown in Fig. 2 and Table 1.  

The adsorptive capacity on the Orange II 
adsorped by NZVI-OB and modified organic 
bentonite were almost the same. This characteristic 
shows that the zero-valent iron in the film layer of 
bentonite did not affect the adsorption on Orange II 
by the organic bentonite. 

Effect of Reaction Time on Degradation of 
Orange II. The removal of Orange II by NZVI-OB 
may include dual functions of absorption and 
degradation. Fig. 3 shows the effect of reaction time 
and removal of Orange II by NZVI-OB. Adsorption 

of Orange II occurred quickly from the beginning 
of the experiment, and removal rate reached 90% in 
10 min. Adsorption was not drastically increased 
when adsorption was prolonged. The removal rate 
of Orange II reached 100% until 160 min.  

Pseudo first-order and pseudo second-order 
kinetic models were selected to describe the 
adsorption process. The first-order kinetics was not 
the fit model for the adsorption of Orange II 
because its correlation coefficient r2 was only 
0.323. 

The second-order model is as follows: 
dqt /dt=k(qe-qt)2   (3) 
where k is the pseudo-second-order rate 

constant of sorption (g mg-1 min-1), qe is the amount 
of dye adsorbed (mg g-1) at equilibrium time, and qt 
is the amount of dye adsorbed (mg g-1) at time t. 
Equation (4) was integrated for the boundary 
condition t = 0 to t and q=0 to qt, as follows: 

1/(qe-qt)=1/qe+kt    (4) 
which is the integrated rate law for a pseudo-

second-order reaction. Equation (5) can be 
rearranged to obtain a linear form, as follows: 

t/qt=1/kqe
2+t/qe   (5) 

The straight line plots of t/qt against t were 
tested to obtain rate parameters (Fig. 4). The values 
of k, qe, and correlation coefficients r2 of the dye 
solution were 0.062 g/(mg·min), 9.442 mg/g, and 
0.999, respectively.  

Table 2 reveals that the second-order kinetics 
is the fit model for the adsorption of Orange II 
because the correlation coefficient r2 was 0.999. 

 
Effect of Initial Concentration on 

Degradation. The relationship between oscillation 
time and removal of Orange II was determined by 
oscillating solutions with different Orange II 
concentrations with a fixed NZVI-OB dose of 1 
g/L. 

The effect of NZVI-OB removal of Orange II 
at various concentrations in given conditions was 
examined (Fig. 5). Adsorption of Orange II reached 
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99.6% at lower concentrations (37.5 mg/L), 
decreased to 81.4% at higher concentration (300 
mg/L), and finally became constant. Remarkable 
increase in adsorption was observed although the 
removal rate decreased. Thus, good treatment effect 
was observed for the pretreatment of wastewater. 
The adsorbent can also be applied to treat dye 
wastewater at low concentration because of the 
high removal of Orange II with low NZVI-OB 
concentration. 
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FIGURE 3  
Effect of reaction time on NZVI-OB degradation 

of Orange II 

0 20 40 60 80 100 120 140 160 180

0

2

4

6

8

10

12

14

16

18

t/
q

t (
m

in
 g

 m
g

-1
)

t(min)
 

FIGURE 4  
Plots of pseudo-second-order kinetic model for 

sorption of Orange II 
 
 
Degradation of NZVI-OB Adsorbed 

Orange II at Equilibrium Time 
 1) Determination of Optimum pH: The 

NZVI-OB which adsorbed Orange II at equilibrium 
time was degraded by adding H2O2 to Fe2+ and 
Fe3+. Fe2+ and Fe3+ were oxidized to Fe0 by oxygen 
in the dye wastewater. 

Fe2+ + H2O2  Fe3+ + HO· + HO-

 (6) 
Equation (6) shows that H2O2 was catalyzed to 

hydroxyl radical by ferrous ion. The hydroxyl 
radical is a free radical with strong oxidizing ability 
and can oxidize and degrade organic contaminants. 

Degradation was primarily caused by the 
catalytic ability of iron. However, the low iron 
content in the adsorbent did not influence the 
degradation of organic matter. In this study, 
degradation was conducted by adding H2O2 into the 
suspension which formed the method of Fenton[8]. 
The effect of solution pH was evaluated, and the 
results are shown in Fig. 6 
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FIGURE 5  

Relationship among reaction time, initial 
concentration, and removal efficiency 
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FIGURE 6 

 Effect of pH on degradation of the Orange II 
 
 

Degraded amounts of Orange II decreased 
gradually with increasing pH, and the results are 
shown in Fig. 6. Acidic condition was found to be 
favorable for the removal of NZVI-OB. The results 
are consistent with the basic principles of Fenton 
method because H2O2 can generate hydroxyl radical 
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with strong oxidation in the acidic condition[9]. 
Moreover, hydroxyl radical can destroy the 
structure of refractory organics in the solution[10].  

2) Effect of Reaction Time on Degradation of 
Residue: Iron ion existed in the interlayer of 
bentonite during the reaction process, and the 
reaction with H2O2 required additional time. Thus, 
this process was the reaction determining step. Fig. 
7 clearly shows that the degradation amount can 
also increase rapidly by adding H2O2 into the 
solution at pH 2 with prolonged reaction time. The 
degradation time reached 1000 min to degrade 59 
g/kg. Other supplementary techniques, such as 
ultrasound and other physical methods, should be 
added to the process to effectively shorten the 
reaction time and provide a more effective way for 
recycling bentonite. 
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FIGURE 7  

Relationship of reaction time with the 
degradation of NZVI-OB 

 
 
DISCUSSION AND CONCLUSIONS 
 

Study of the genetic diversity of M. azedarach 
populations of both countries with the use of RAPD 
markers were presented in two different clusters of 
UPGMA dendrogram which indicates high genetic 
diversity. On the bases of study out comes 
environment has great effects on genome and it 
leads to genetic diversity. Among the studied 
populations Adana and Karachi locations showed 
highest genetic diversity, having DNA samples 
belong to two different climates of their respective 
countries (Table 2.). When compared with the other 
populations, and being medicinal plant we 
suggested that this populations should be primarily 
conserved. The conservation of M. azedarach in 
gene banks and botanical gardens is recommended 
for ex situ and in situ conservation. M. azedarach 
grows better in sandy clay, good drainage, and deep 
soils with alkaline pH between 5.5-6.5, full sun and 

average water conditions and also the area 
should considered to be compatible with the 
ecological needs of the plant. 
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ABSTRACT 
 

To understand the pollution characteristic of 
heavy metals in indoor dust and health risk to 
residents in Huainan city. The heavy metal 
concentrations of indoor dust from 45 sites in 
Huainan city were determined. Compared with the 
background values in soil of Huainan, the degrees 
of metal pollution in indoor dust ranked as follows 
Zn > Cu > Pb > Ni > Cr on average. Co and As 
concentrations were lower than the background 
values. The enrichment factors of Zn, Pb, Cu, Cr, 
Ni, As and Co in indoor dust were 14.74, 7.58, 9.37, 
2.33, 2.87, 1.04 and 0.43 respectively. The Zn, Pb 
and Cu in indoor dust of Huainan city were 
significant enrichment. The Ni and Cr were 
moderate enrichment, and the Co and As were 
minimal enrichment. The heavy metal 
concentrations in indoor dust of Huainan city were 
affected by sampling point location, traffic density, 
paint and floor material, and little influenced by 
smoking and building structure. The result of t test 
or ANOVA indicated that the coal mining is an 
influencing factor for Pb concentration in indoor 
dust. Zn, Cu and Ni levels in indoor dust were 
highly significantly associated with traffic density 
near home. According to the health risk assessment 
model, the non-carcinogenic risks of heavy metals 
were less than 1, and the cancer risk coefficients 
were less than 10-6, which shows that pollution 
levels of heavy metals in indoor dust of Huainan 
city are in the safe range.   
 
 
KEYWORDS: 
Heavy metal, indoor dust, pollution characteristics, 
affecting factors, health risks, Huainan. 
 
 
INTRODUCTION 
 

The indoor environment may affect the 
exposure of an individual to various toxic 
chemicals [1-3]. The pollutants in indoor dust may 
originate from many sources including outdoor 
pollutants, such as outdoor dust, soil, traffic 
activities and industrial production, and internally 
from cookers and heaters, building materials, 

smoking, paint and so on [1,4-5]. Indoor dust could 
easily enter into human bodies through 
hand-to-mouth activity, respiratory inhalation and 
dermal contact, which can result into poisoning. 
This observation has raised concern about the 
health implications of exposure to toxic chemicals, 
because people in many countries spend the 
majority of their time in indoor [6-7]. 

Indoor dust is increasingly recognized as a 
source of heavy metals [1]. The concentration of 
heavy metals in indoor dust has been reviewed in 
several studies [8-12]. These studies have shown 
that heavy metal levels vary with location, but there 
is generally a remarkable agreement among 
different studies [13]. The source of heavy metal in 
indoor dust is complex including internal and 
external source, such as paint, carpet, smoking, 
cosmetics, street dust, soil, etc. [1,5,14-18]. Traffic 
activity is an important external source for heavy 
metal in indoor dust [19-20]. Mining activities can 
lead to pollutants containing heavy metal enter into 
the indoor environment [21-22], and increased 
health risks. The internal sources of heavy metals 
including paint, smoking and building structure [18, 
20,23].  

Mining is one of the most important 
anthropogenic sources of heavy metal pollution in 
the environment [24-26]. The pollutants entered 
into soil, atmosphere and water with the mine water, 
coal fly ash, coal cinder and coal dust. The heavy 
metals, as one of the coal pollutants, were entered 
into indoor environment with atmospheric 
deposition and human carriage. Some of trace 
elements present in coal may be enriched in dust in 
coal mining area [27-28]. Dust and other emissions 
from coal mining operations may have adverse 
effects on human health [29-31]. But relatively little 
information exists on the concentrations of heavy 
metal in indoor dusts. Therefore, heavy metals 
exposure characteristics and health risks in indoor 
dust should be cause for concern. In this study, the 
concentrations of Zn, Pb, Cu, Cr, Ni, Co and As in 
indoor dust of Huainan city were analyzed. The 
objectives of this study are: (1) to investigate the 
distribution characteristics of heavy metals in 
indoor dust in Huainan city; (2) to apply factor 
analysis, t test and ANOVA were applied to get 
insight into the factors affecting heavy metal in 
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indoor dust; (3) to analyze the residents exposure to 
heavy metal from indoor dust in Huainan city. 

 
 

MATERIALS AND METHODS 
 
Study area. Huainan city (

) is one of the major coal resource cities 
in China. It is located in the northern region of 
Anhui province. The annual average temperature is 
approximately 16 , annual rainfall is 
approximately 890 mm. It is transition zone 
between warm temperate and subtropical. At the 
present, Huainan city have approximately 1.6 
million people, urban area is approximately 120 
km2. Huainan is a capital of China's energy, and an 
important industrial city of Anhui province. The 
proven reserves of coalfield have 18 billion tons in 
Huainan city, accounting for 70% of Anhui 
province, accounting for 32% of the East China 
area. Huainan city have four districts including 
Tianjiaan (TJA), Panji (PJ), Xiejiaji (XJJ) and 
Datong (DT). TJA district is the administrative and 
economic center of Huainan city, and the traffic 
volume is significantly higher than other districts. 
XJJ district and PJ district have a lot of coal 
resource, and coal mining is the major industrial 
activity in the districts of Huainan. DT district is 
suburban area, and the agricultural production is the 
major human activity. 

 
Sample collection and processing. Forty-five 

sites were selected to cover the four districts, 13 
sampling sites in TJA district, 9 sampling sites in PJ 
district, 14 sampling sites in XJJ district and 9 
sampling sites in DT district. These samples were 
collected during January 2015. Samples were 
collected using a vacuum cleaner and transferred to 
a polyethylene bag. All collected dust samples were 
stored in transparent sealed polyethylene bags.  

 
Experimental analysis. The dust samples 

were sieved through a 0.149mm mesh nylon sieve. 
About 0.2 g of the prepared dust sample was 
digested with a concentrated HNO3 HClO4 HF 
mixture, and dilute with 2% (v/v) HNO3 to 50mL. 
The concentrations of Zn, Pb, Cr, Cu, Ni, As, Co 
and Fe were determined by Inductively Coupled 
Plasma Optical Emission Spectrometer (ICP-OES). 
For quality assurance and control, blanks samples 
(one blank sample for 20 dust samples), duplicate 
samples, certified reference materials (GSS-3) were 
simultaneously analyzed in the experiments to 
assess precision and bias. Solvents and chemicals 
were guarantee reagent. Before use, all plasticware 
and glassware were soaked in 10% HNO3 for at 
least 24 h before being rinsed three times in Milli-Q 
distilled deionised water.  

Health risk assessment method. Exposure to 
heavy metals due to dust particles occurs via three 

main pathways inhalation of dust through mouth 
and nose (ADDinh), ingestion of dust by 
hand-to-mouth activity (ADDing) and dermal 
absorption of heavy metals to exposed skin 
(ADDderm). According to the health risk evaluation 
method of US EPA [32-35], the dose received 
through each of the three pathways was calculated. 
Pb, Zn, Cu, As, Ni, Cr and Co are chronic 
non-cancer element, As, Ni, Cr and Co are cancer 
elements. 
risk assessment, carcinogenic and non-carcinogenic 
effects are separate discussions. The acceptable or 
tolerable risk for regulatory purposes is in the range 
of threshold values (10-6-10-4) [36]. In this study, 
hazard index methods and cancer risk methods 
were used to assess the human exposure to heavy 
metals in indoor dust from Huainan city. 

 
 

RESULTS AND DISCUSSION 
 
Heavy metals concentrations in indoor dust. 

The table 1 shows the results of the heavy metals 
and their statistical analysis. The mean 
concentrations of Zn, Cu, Pb, Ni and Cr were 
higher than their corresponding background values 
of Huainan soil, with the mean values of 7.46, 4.74, 
3.84, 1.63, 1.18 times the background values [37], 
respectively. And the mean concentrations of Cu, 
Pb, Cr and Zn were higher than those of Huainan 
coal, with the mean values of 4.24, 3.53, 2.28, 1.69 
times the Huainan coal values, respectively. The 
results indicated that the Zn, Cu and Pb in indoor 
dust have existed obvious accumulation 
phenomenon. The coefficient of variations (CVs) of 
Zn, Pb, Ni and Cu were above 50%. It shows that 
the space difference of Zn, Cu, Pb and Ni in indoor 
dust of Huainan city was obvious.  

Figure 1 shows the concentrations of heavy 
metals in different districts of Huainan city. The 
concentrations of Zn, Cu and Ni in TJJ district were 
obviously higher than those of other districts. This 
may be due to contribution from traffic emission. 
The concentrations of As and Co in indoor dust of 
four districts  significantly difference, and 
were lower than those of soil. This may be due to 
contribution from natural source. Pb concentration 
in PJ and XJJ districts indoor dust was higher than 
those in TJA and DT districts. The PJ and XJJ 
districts have coal mining activities. The Pb 
concentration was higher in Huainan coal than in 
Huainan soil [38]. Therefore, the Pb source in 
indoor dust of PJ and XJJ districts may be come 
from traffic activities, coal mining and burning. 
Compared with the indoor dust of other cities such 
as Guiyang, Nanning and Chongqing in China [39], 
the city size of Guiyang, Nanning and Chongqing 
city is bigger than that of Huainan city, and traffic 
emission, construction waste and industrial 
production are more in Guiyang, Nanning and 



© by PSP  Volume 25  No. 11/2016, pages 4651-4659    Fresenius Environmental Bulletin  

4653 

Chongqing city than in Huainan, so the 
concentrations of Zn, Pb, Cu, Cr and Ni in indoor 
dust of Huainan city are lower than those in the 
three cities. 

 
Elemental enrichment in indoor dust. To 

calculate elemental enrichment factors in the indoor 
dusts (EFID), absolute concentrations of a given 
constituent, X, were normalised with respect to Fe, 
a proxy for grain size [40], and arithmetic mean 
values were then compared with the corresponding 
Fe-normalised concentration in baseline sand [41],  

  
Where XID is heavy metal concentration in 

indoor dust, FeID is iron concentration in indoor 
dust, XBS is background concentration of heavy 
metal in soil, FeBS is iron background concentration 
in soil. EF can assist in determining the degree of 
metal contamination. Five contamination categories 
are recognized on the basis of the enrichment factor: 
EF < 2 minimal enrichment, EF =2 5 moderate 
enrichment, EF =5 20 significant enrichment; EF 
=20 40 very high enrichment; and EF > 40 
extremely high enrichment [42-43].  

Figure 2 shows enrichment factors in 
ascending order for both environments. If EF 
value > 2, it can be considered anthropogenic 
impacted [28]. Consistent with earlier observations, 
greatest enrichment in indoor dust occurs for a 
number of trace metals (Zn, Pb and Cu) that 
presumably result, largely, from vehicular 
emissions and coal mining. The EFID of Co was 
close to 1, Co can be considered to originate mainly 
from soil particles [44]. Compared with the baseline, 
As is depleted in indoor environments (EFID < 1), 
indicating a predominant source of crustal soils 
rather than other anthropogenic sources [45]. The 
enrichment factors of Zn, Cu and Ni in four districts 
decreased in the order of TJA > XJJ > PJ > DT (Fig. 

2). The enrichment factor of Pb in four districts 
decreased in the order of XJJ > PJ > TJA > DT. The 
enrichment degree of Zn, Cu and Pb in XJJ, PJ and 
DT districts were obviously difference. As a whole, 
the Zn, Pb and Cu in indoor dust of Huainan city 
were significant enrichment. Ni and Cr were 
moderate enrichment, Co and As were minimal 
enrichment. 

 
Analysis of influencing factors. The 

influence factors affecting heavy metal 
concentrations in indoor dust are complex, 
including internal and external. The external 
include traffic activity, soil, house location and 
other outdoor environment factors [46]. Huainan is 
a typical coal mining city in China. Coal mining 
and transportation process will affect heavy metal 
concentrations in dust. According to the distribution 
of sampling sites, it can be divided into mining area 
(the sampling sites mainly were located PJ and XJJ 
districts), inner city area (the sampling sites mainly 
were located TJA district) and suburban area (the 
sampling sites mainly were located DT district). 
The concentration of Pb in indoor dust was 
significantly (P= 0.001) higher in mining area than 
in inner city and suburban areas (Table 2). The 
result indicated that the coal mining is an 
influencing factor for Pb concentration in indoor 
dust. The coal mining will bring a large amount of 
fly ash, coal gangue and other waste containing 
heavy metals. The Pb concentration was higher in 
coal than in soil of Huainan city [38], so the coal 
mining will increase Pb concentration in indoor 
dust. The concentrations of Zn, Cu and Ni in indoor 
dust of three areas decreased in the order of inner 
city area > mining area > suburban area (P=: Zn: 
0.017, Cu: < 0.001, Ni: < 0.001). An external 
source of heavy metals is traffic-related emission. 

 
 

TABLE 1 
Concentrations of heavy metals in indoor dusts in Huainan city (mg/kg). 

 
 Pb Zn Cu Cr Ni Co As 

Range 
21.05~
274.29 

81.75~2984.
19 

15.20~460.
19 

29.60~136.
85 

9.39-272.
24 

3.91~13.
47 

1.19~5.3
4 

Mean 116.95  602.81  114.58  76.56  41.87 5.98  2.30  
SD 61.90  452.59  83.57  24.85  43.42 1.10  0.55  
CV 0.53  0.75  0.73  0.32  1.04 0.18  0.24  

Background[37] 30.47 80.81 24.16 64.93 25.74 10.74 10.45 
Coal[38] 33.10 357.24 27.00 33.64 59.45 - 3.38 

Guiyang[39] 406 1707 314 109 116 - - 

Nanning[39] 296 1495 159 154 170 - - 

Chongqing[39] 270 868 355 129 72 - - 

SD standard deviation; CV coefficient of variation. 
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FIGURE 1 

Concentrations of heavy metals in indoor dust of different district. 
 
 

 
 

FIGURE 2 
Elemental enrichment factors in indoor dust of Huainan city. 

 
 

Therefore, the variable automobile traffic near 
home grouped into the two categories less than 40 
cars per minute, and more than 40 cars per minute 
was examined. When the traffic flow more than 40 
cars per minute, the Zn, Cu and Ni concentrations 
were higher than those of less than 40 cars per 
minute. Zn, Cu and Ni levels in indoor dust were 
highly significantly associated with traffic density 
near home (P=: Zn: 0.001, Cu: 0.002, Ni: 0.004), 
and the levels were highest in dwellings close to 
roads with a high traffic density (more than 40 cars 
per minute). Co and As levels in indoor dust were 
highly significantly associated with traffic density 
near home, and the levels were lowest in dwellings 
close to roads with a low traffic density (less than 
40 cars per minute), because the sample sites close 
to low traffic density were mainly located in 
suburban area, and Co and As in indoor dust were 
mainly from natural source.  

The internal factors affected the heavy metal 
concentrations in indoor dust such as using paint, 
building structure, smoking and floor material [47]. 

The heavy metals are containing in paint [15]. The 
concentrations of Pb and Cu in indoor dust in the 
house using paint were significantly higher than 
those of unused paint (P=: Pb: 0.046, Cu: 0.013). 
Cu, Ni and Cr levels in indoor dust were highly 
significantly associated with floor material. The 
concentrations of Cu, Ni and Cr were higher in 
house of wood floor than those in house of marble 
which may due to the floor paint. Smoking and 
building structure are known as indoor sources of 
heavy metals [20, 48]. But the concentrations of 
heavy metals in indoor dust of Huainan city  
significantly associated with the building structure 
and smoking in this study. The results of t test or 
ANOVA with least square difference methods 
indicated that the heavy metal concentrations in 
indoor dust of Huainan city were affected by 
sampling point location, traffic density, paint and 
floor material. But the influence of smoking and 
building structure was small for heavy metal 
concentrations in indoor dust of Huainan city. 
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TABLE 2 
Associations between concentrations of heavy metals and potentially influencing factors in households 

from Huainan city. 
 

N GM SD GM SD GM SD GM SD GM SD GM SD GM SD

Inner city 
area

18 99.96 50.56 584.10 602.37 132.82 97.23 39.78 32.31 6.23 1.27 76.25 21.92 2.11 0.58

Mining 
area

18 131.87 52.26 551.61 243.60 101.56 58.08 34.49 19.86 5.46 0.88 71.37 29.96 2.28 0.55

Suburban 
area

9 55.08 80.06 298.42 415.51 32.06 19.90 16.34 8.68 6.09 0.90 66.59 19.32 2.39 0.50

P Value 0.001 0.017 < 0.001 < 0.001 0.085 0.648 0.440

> 40/min 20 109.84 51.91 695.27 561.75 128.96 101.24 44.03 60.13 5.54 0.87 77.00 25.25 1.93 0.48
< 40/min 25 91.31 69.76 382.88 269.51 67.20 47.08 25.34 11.92 6.17 1.19 68.71 24.34 2.5 0.48

P Value 0.329 0.001 0.002 0.004 0.049 0.293 < 0.001

Yes 18 82.34 48.24 465.93 300.09 72.61 52.69 29.25 32.48 5.68 0.89 73.68 20.57 2.25 0.45
No 27 112.18 66.68 522.57 533.77 103.42 96.25 34.67 49.70 6.02 1.21 71.35 27.71 2.22 0.62

P Value 0.103 0.550 0.117 0.399 0.310 0.771 0.832

Yes 21 120.65 56.48 572.66 573.75 119.58 66.42 37.69 53.40 5.95 1.14 75.28 28.31 2.26 0.55
No 24 83.47 64.21 442.59 307.04 69.86 93.99 28.37 32.65 5.83 1.09 69.75 21.37 2.20 0.56

P Value 0.046 0.168 0.013 0.147 0.714 0.481 0.704

Concrete 24 101.88 65.18 483.98 277.37 95.25 71.04 35.50 52.37 6.10 1.12 71.65 21.96 2.27 0.49
Brick 21 96.07 59.04 517.03 595.65 83.91 97.76 29.18 30.22 5.64 1.05 73.00 28.26 2.19 0.62

P Value 0.756 0.726 0.572 0.320 0.160 0.864 0.628

Wood 14 110.08 58.38 577.26 279.25 123.85 68.17 48.00 69.88 1.07 6.03 88.11 21.43 2.03 0.53
Marble 31 94.55 64.00 467.41 515.56 77.64 88.54 27.12 14.93 1.13 5.82 66.09 23.97 2.33 0.54
P Value 0.455 0.296 0.048 0.005 0.557 0.011 0.089

Floor Material

Building structure

Smoking

Using paint

Automobile traffic near home

Cr As

City area

Pb Zn Cu Ni Co

 
N: number of sampling site; GM: Geometric mean; SD: Standard deviation of geometric mean; P Value: P 

value for comparing means of logarithmically transformed lead levels by t test or ANOVA with least square 
difference methods. 
 
 

Health risk assessment of heavy metals. 
According to the concentrations of heavy metal in 
indoor dust and the exposure parameters, the health 
risk assessment results of the analyzed metals in 
indoor dust of Huainan city are shown in Table 3. 
Average daily exposure levels of all elements were 
characterized by hand-to-mouth ingestion > dermal 
contact > respiratory inhalation. For both children 
and adults, hand-to-mouth ingestion of dust 
appeared to be the major route of exposure to 
indoor dust. The results showed that the 
non-carcinogenic risk coefficients (HQ) of heavy 
metals with the pathway of hand-to-mouth 
ingestion, respiratory inhalation and dermal contact 
were less than 1, there is no non-carcinogenic risk 
within the safety threshold. The non-carcinogenic 
risk coefficients of heavy metals of three exposure 

ways decreased in the order of hand-to-mouth 
ingestion > dermal contact > respiratory inhalation.  

The total exposure non-carcinogenic risk (HI) 
from hand-to-mouth ingestion, dermal contact and 
respiratory inhalation for all of the contaminants in 
each of the metal categories was greater for 
children than for adults. The average daily dose due 
to respiratory inhalation of indoor dust is 2 5 orders 
of magnitude lower than that of the other exposure 
pathways, and it is unlikely that this exposure route 
would pose a greater risk than ingestion. Therefore, 
the exposure pathway of respiratory inhalation is 
almost negligible compared with the other routes of 
exposure. The HI values for analyzed elements to 
children from indoor dust decreased in the order of 
Pb > Cr > As > Cu > Zn > Ni > Co, and to adults 
decreased in the order of Pb > Cr > As > Cu > Co > 
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Zn > Ni. Pb (child: 0.257, adult: 0.033) and Cr 
(child: 0.195, adult: 0.028) exhibited greater HI 
values, whereas Co (child: 0.0163, adult: 0.0021), 
Ni (child: 0.0146, adult: 0.0019) and Zn (child: 
0.0150, adult: 0.0021) were the lowest. For children, 
the HI values of Pb and Cr were > 0.1, and its 
adverse effect cannot be overlooked. 

Among the carcinogenic metals, only As, Cr, 
Co and Ni were analyzed. The results showed that 
the cancer risk of Co, Ni, As and Cr from indoor 
dust in Huainan city decreased in the order of Cr > 
Co > Ni > As. The cancer risk coefficients were less 
than 10-6, significantly lower than the values of 
safety threshold, indicated that heavy metals of Co, 
Cr, Ni and As in indoor dust of Huainan city have 
no obvious cancer risk for children and adults. 

 
 

CONCLUSION 
 

The mean concentrations of Zn, Cu, Pb, Ni 
and Cr were higher than their corresponding 
background values of Huainan soil except for As 
and Co. The space difference of Zn, Cu, Pb and Ni 
in indoor dust of different districts in Huainan city 
was obvious. The mean concentrations of Zn, Cu 

and Ni decreased in the order of TJA > XJJ > PJ > 
DT. The space difference of As and Co in indoor 
dust of Huainan city was not obvious. The EFID of 
Zn was the highest, close to 15. The Zn, Pb and Cu 
in indoor dust of Huainan city were significant 
enrichment. The Ni and Cr were moderate 
enrichment, and the Co and As were minimal 
enrichment. The enrichment factors of heavy metals 
in indoor dust of four districts in Huainan city have 
difference. Because the concentrations of heavy 
metal in indoor dust of TJA, PJ and XJJ districts 
were affected by the anthropogenic activities, and 
the heavy metal in indoor dust of DT district come 
from natural source. The influence factors of house 
location, traffic activity, using paint and floor 
material to heavy metal concentrations were 
different degrees of difference. The Pb 
concentration decreased in the order of coal mining 
area > inner city > suburban area. The result 
indicated that the coal mining is an influencing 
factor for Pb concentration in indoor dust, Zn, Cu 
and Ni levels in indoor dust were highly 
significantly associated with traffic density near 
home. And the using paint is an important 
influencing factor for Pb and Cu in indoor dust. 

 
 

TABLE 3 
Exposure dose, hazard quotient for each element and exposure pathway. 

 

Route of 
exposure 

Zn Pb Cu Ni As Co Cr 

Adults 

ADDing 6.07 10-4 1.11 10-4 1.15 10-4 3.72 10-5 2.02 10-6 5.19 10-6 6.91 10-5 
ADDinh 4.46 10-8 8.19 10-9 8.44 10-9 2.73 10-9 1.49 10-10 3.82 10-10 5.08 10-9 

ADDderm 2.60 10-6 4.78 10-7 4.93 10-7 1.60 10-7 8.68 10-9 2.23 10-8 2.96 10-7 
HQ ing 2.02×10-3 3.17×10-2 2.88×10-3 1.86×10-3 6.73×10-3 1.73×10-3 2.30×10-2 
HQ inh 1.49×10-7 2.33×10-7 2.10×10-7 1.33×10-7 4.97×10-7 1.36×10-5 1.78×10-4 

HQ derm 4.33×10-5 9.10×10-4 4.11×10-5 2.96×10-5 7.06×10-5 3.72×10-4 4.93×10-3 
HI 2.06×10-3 3.26×10-2 2.92×10-3 1.89×10-3 6.80×10-3 2.10×10-3 2.81×10-2 

Children 

ADDing 4.86 10-3 8.91 10-4 9.18 10-4 2.98 10-4 1.62 10-5 4.15 10-5 5.52 10-4 
ADDinh 1.36 10-7 2.50 10-8 2.78 10-8 8.35 10-9 4.54 10-10 1.16 10-9 1.55 10-8 

ADDderm 5.59 10-6 1.02 10-6 1.06 10-6 3.42 10-7 1.86 10-8 4.77 10-8 6.35 10-7 
HQ ing 1.62×10-2 2.55×10-1 2.30×10-2 1.49×10-2 5.40×10-2 1.38×10-2 1.84×10-1 
HQ inh 4.53×10-7 7.10×10-7 6.92×10-7 4.05×10-7 1.51×10-6 4.14×10-5 5.42×10-4 

HQ derm 9.32×10-5 1.94×10-3 8.83×10-5 6.33×10-5 1.86×10-4 7.95×10-4 1.06×10-2 
HI 1.63×10-2 2.57×10-1 2.31×10-2 1.50×10-2 5.42×10-2 1.46×10-2 1.95×10-1 

LADDinh    2.59×10-9 1.41×10-10 3.61×10-10 4.80×10-9 

R    2.17×10-9 2.12×10-10 3.53×10-9 2.02×10-7 

ADDing average daily dose of hand-to-mouth ingestion; ADDinh average daily dose of respiratory inhalation; 
ADDderm average daily dose of dermal contact; LADDinh lifetime average daily dose of inhalation exposure route, 
HQ ing hazard quotient of hand-to-mouth ingestion; HQ inh hazard quotient of respiratory inhalation; HQ derm 
hazard quotient of dermal contact;, HI hazard index, R cancer risk. 
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Co and As in indoor dust were mainly from 
natural source. Health risk analysis showed that the 
average daily exposure level of all elements were 
characterized by hand-to-mouth ingestion > dermal 
contact > respiratory inhalation. The health risk 
coefficients of heavy metal in indoor dust were 
within the safe range, which indicated that the 
heavy metals in indoor dust of Huainan city have 
no obvious health risk. 
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ABSTRACT 

 
The Dunhuang Yangguan Nature Reserve 

Wetland of northwest China is typical of an inland 
wetland imbedded in arid desert ecosystems, is 
vulnerable and sensitive to change. Based on field 
surveys, a study was conducted to understand 
community floristic characteristics, species 
diversity and the effects of disturbance in the 
Dunhuang Yangguan Reserve Wetland. A total of 
74 vascular plant species 
to 65 genera and 29 families. Herbs constituted 
~77.03% of the recorded species. Two families, 
Gramineae and Chenopodiaceae, dominated the 
flora, constituting 29.72% of the total. Six plant 
communities were divided by two-way indicator 
species analysis (TWINSPAN) techniques. The 
community species diversity indices were relatively 
low, but varied widely from each other. In addition, 
the effects of disturbance indicated that the 
community diversity indices were higher with 
intermediate disturbance at the community level. 

-diversity relationship 
and thus revealed the importance of maintaining a 
certain level of disturbance to conserve species 
diversity of these communities. This study provides 
a theoretical basis for improving conservation 
strategies for local plant communities and providing 
information to support the sustainable use of 
wetland resources in the Dunhuang Yangguan 
Nature Reserve. 

 
 

KEYWORDS:  
Floristic composition; Disturbance; Dunhuang Yangguan 

Nature Reserve; Species diversity; Wetland 

 
 

INTRODUCTION  

 
Wetlands throughout the world have valuable 

ecosystem services that they provide [1], and 
function as "kidneys of the landscape" and as a 
"nature's supermarkets" [2,3]. However, wetlands 
continue to be degraded and destroyed faster than 
any other terrestrial ecosystem [4,5]. Protecting 
wetlands and their biodiversity has attracted 
significant attention globally 
(http://www.wetlands.org, 2010). Especially as 
conserving and restoring the diversity of wetland 
plant communities in arid regions has been a focus 
of research in recent years [6,7].  

Wetlands serve as a major transition zone 
between terrestrial and aquatic ecosystems and have 
important ecological functions [1,8]. The Dunhuang 
Yangguan Nature Reserve supports a rich flora with 
precious water resource, it includes a large-area 
wetland. This wetland has high value for 
conservation and scientific research and was 
established in 1994. However, detailed ecological 
studies remain limited in this arid desert area. A 
preliminary analysis of biological resources and a 
plan for development of the reserve has been 
completed [9]. However, since the completion of 
this work, the local conditions have changed 
extensively, because of increasing frequently of 
human activities (livestock grazing, cultivation, 
tourism, etc.) and natural disasters (sandstorms, 
floods, etc.). Additionally, human activity plays an 
important role in influencing biodiversity [10]. 
Furthermore, little attention has been given to 
explaining the effects of human disturbance on 
biodiversity patterns of this wetland. So the effects 
of disturbance on these wetlands w  

The purpose of this research was to analyze 
the floristic characteristic and species diversity of 
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the wetland plant communities. We further sought 
to measure the effects of human disturbance on the 
biodiversity. A more important objective was to 
accumulate both data and experience that can be 
used in future wetland research, to better to plan 
conservation strategies for these wetland and to 
plan for the sustainable use of wetland resources in 
the area.  

 
 

MATERIALS AND METHODS 

 
Study Area. The study was performed at the 

Dunhuang Yangguan Nature Reserve 
(39°39' 40°05'N, 93°53' 94°17'E), located at the 
Yangguan town in the southwest part of Dunhuang, 
a city in the northwest part of Gansu Province, 
China, with a total area of nearly 881.8 km2. 
Situated in the interior of the western arid desert 
region. The wetlands cover ~ 153.53 km2, which is 
a total of 17.41% of the Yangguan Reserve. 
Because of the varied environmental conditions of 
the wetland, there are different community types, 
such as swamps, meadows and shrublands. These 
wetland ecosystems can mitigate the harsh effects 
of regional climate, promote soil development, 
provide organic materials to the soils, and play a 

vital role in maintaining regional ecosystems, 
making these wetlands ecologically and 
environmentally important. The study site is found 
in a temperate continental climate at elevations 
ranging from 1150 m to 1300 m, with day and night 
temperatures varying greatly. Average annual 
precipitation of the study area ranges from 40 to 
200 mm, but the mean annual evaporation of up to 
2465 mm makes this extremely arid area 
ecologically fragile. The annual mean temperature 
is around 9.3°C, with the maximum monthly mean 
temperature of 24.7°C in July and the minimum of 
-9.3°C in January. The soils of the study area are 
variable in their physical and chemical properties 
and fall into five classes: Aeolian sandy, Brown 
desert, Meadow, Swampy and Saline [9]. Surface 
runoff of Yangguan Reserve mainly from several 
springs gushing out of the surface of the earth at 
Shanshuigou, Xitugou and Wowachi etc, and 
Shanshuigou water system about 29.4km, Xitugou 
water system about 53km. The water in Yangguan 
Reserve mainly come from glacial snowmelt water 
of the Altyn mountain and Qilian mountain, 
Danghe underground water seepage, the annual wet 
season is 4 ~ 6 month period, with minimal water 
around October. 

 

 
FIGURE 1 

Location and sampling sites of the study area 
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TABLE 1 
Taxonomic information for the plants found in wetlands of Yangguan Reserve. 

 

Phylum  Family 
Number 

of 
genera 

Proportion  
of genera 

(%) 

Number  
of 

species 

Proportion 
of species 

(%) 
Fern  Equisetaceae 1 1.54 1 1.35 

Gymnospermae  Ephedraceae 1 1.54 1 1.35 

Angiospermae Eudicotyledons Chenopodiaceae 11 16.92 11 14.86 

Compositae 5 7.69 6 8.11 

Zygophllaceae 2 3.08 4 5.41 

Salicaceae 2 3.08 4 5.41 

Leguminosae 3 4.62 3 4.05 

Brassicaceae 2 3.08 2 2.70 

Tamaricaceae 1 1.54 2 2.70 

Polygonaceae 2 3.08 2 2.70 

Ranunculaceae 2 3.08 2 2.70 

Moraceae 2 3.08 2 2.70 

Hippuridaceae 1 1.54 1 1.35 

Portulacaceae 1 1.54 1 1.35 

Convolvulaceae 1 1.54 1 1.35 

Primulaceae 1 1.54 1 1.35 

Rosaceae 1 1.54 1 1.35 

Elaeagnaceae 1 1.54 1 1.35 

Asclepiadaceae 1 1.54 1 1.35 

Solanaceae 1 1.54 1 1.35 

Monocotyledons Gramineae 10 15.38 11 14.86 

Cyperaceae 2 3.08 4 5.41 

Potamogetonaceae 2 3.08 2 2.70 

Liliaceae 2 3.08 2 2.70 

Typhaceae 2 3.08 2 2.70 

Juncaginaceae 2 3.08 2 2.70 

Iridaceae 1 1.54 1 1.35 

Juncaceae 1 1.54 1 1.35 

Alliaceae 1 1.54 1 1.35 

Total  29 65 100.00 74 100.00 

 
 

Plant Sampling Procedures. Field surveys 
were performed from July 2014. Three transects 
were set up respectively along the Shanshuigou, 
Xitugou and Wowachi water system in this region 
(Figure 1). A total of thirty-six samples were 
selected for vegetation investigation, one sample 
were established in each sample belt with an 
interval of 2 km, three 10 m × 10 m shrub quadrats 
were arranged in each sample, which interval 50m 
in parallel and five 1 × 1 m herbaceous subplots 
were set up in each quadrat. Frequency, density, 
and cover were recorded [11]. In addition, quadrat 
location, latitude, longitude, and elevation were 

recorded by a GPS receiver. 
The effect of disturbance on species diversity 

was evaluated based on observations taken at 280 
sites along three water systems. 7-8 sampling sites 
10 m × 10 m in size are selected in each vegetation 
sample. The types and intensities of disturbance 
were measured at these 280 sampling sites. Each 
site was placed into a main disturbance category 
based on type of disturbance, including 
anthropogenic factors such as livestock grazing, 
poaching, harvesting of herbal medicine, 
agriculture, tourism and fishing and natural factors 
such as flood and fire. The intensity of disturbance 
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ranging from 1 to 3. In addition, the disturbance 
index was described as the ratio of the total number 
sampling sites and the number of disturbed 
sampling sites in each water system. 

 
Data Analysis. The relative importance value 

(IV) for each species in each sample was calculated 
as the mean of its relative percent cover, relative 
height, and relative density [12]. The 
Shannon-Wiener diversity (H) [13]
concentration of dominance (D) [14], Margalef 
richness (Rm) [15] and Pielou evenness indices (J) 
[16] have commonly been used to analyze plant 
diversity for wetland sites. A sample-species data 
matrix was classified using the importance value 
(IV) of each species using two-way indicator 
species analysis (TWINSPAN) and the computer 
program WinTWINS, version 2.3 [17]. 
 
 
RESULTS  

 
Floristic Characteristics. In total, 74 plant 

species representing 65 genera and 29 families were 
sampled in this study area (Table 1). More than half 
of the species recorded were herbs. In particular, 

eudicotyledons consisted of 18 families, 40 genera, 
and 46 species, accounting for 62.07% of the 
families, 61.54% of the genera, and 62.16% of the 
plant species (Table 1). The largest families were 
Chenopodiaceae (n = 11), Gramineae (n = 11), 
Compositae (n = 6) and Cyperaceae (n = 4), 
representing 14.86%, 14.86%, 8.11% and 5.41% of 
the total flora, respectively. Some species had a 
wide range of distribution, e.g., Phragmites 
australis with 34 records and Agropyron cristatum 
with 21 records, and the highest level of species 
occurrence. 

According to the areal-types of the Chinese 
spermatophyte genera [18], the spermatophyte 
genera can be divided into 12 types and five 
subtypes in this study area. In addition, a total of 24 
temperate zone genera were found, accounting for 
36.92% of all genera. Cosmopolitan species 
accounted for 24.62% of the total spermatophyte 
genera (Table 2). Additionally, the floristic 
composition also exhibited the characteristics of the 
Mediterranean, West Asia to Central Asia and 
pantropic types. Therefore, the geographic floristic 
composition was characterized by a 
multi-geographic composition, with temperate zone 
species making up the largest percentage. 

 
 

TABLE 2 
The generic areal-types of spermatophyte genera found in the wetland. 

 
Areal-types Number Proportion 
1 Cosmopolitan 16 24.62 
2 Pantropic 6 9.23 

4 Old World Tropic 1 1.54 

7 Tropical Asia (Indo-Malesia) 1 1.54 

8 North Temperate 16 24.62 

8- -  3 4.62 

9 East Asia and North America disjuncted 1 1.54 

10 Old World Temperate 3 4.62 

11 Temperate Asia 2 3.08 

12 Mediterranea, West Asia to Central Asia 9 13.85 

12-2 Mediterranea to C .Asia & Mexico to S.USA. disjuncted 1 1.54 

12-3 Mediterranea to Temp.-Trop. Asia, Australasia & S. Amer. disjuncted 1 1.54 

13 Central Asia 1 1.54 

13-1 East C. Asia (or Asia Media), In Sinkiang, Kansu, Qinghai to Mongolia 1 1.54 

13-2 C. Asia to Himalaya & S.W. China 1 1.54 

14 East Asia 1 1.54 

15 Endemic to China 1 1.54 

Total 65 100.00 
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Community Classification. The TWINSPAN 
classification of the samples tended to group the 
species into six plant communities (Figure 2), each 
of which were named after the dominant species. 
Each group differs from the others in its attributes. 

Group 1: Phragmites australis community 
type. The 11 samples belonging to this community 
were found in permanent and seasonal wetlands. 
The community was a single structure community 
with reed (Phragmites australis) as the dominant 
species. The meadow soil and saline soil supported 
a total plant percent cover of ~70%. 

Group 2: Agropyron cristatum + Phragmites 
australis + Heleocharis intersita community type. 
This community was represented in 9 sample sites, 
found mainly in seasonal wetlands. Soils were wet 
and typically characterized as swampy, meadow 
and saline soils. The community lacked trees and 
shrubs, and the major companion species were 
Triglochin palustris, Glaux maritime, Scirpus 
triqueter, and Halerpestes sarmentosa. The total 
plant percent cover was ~80%. 

Group 3: Phragmites australis + Scirpus 
planiculmis + Agropyron cristatum community 
type. This group of 13 sample sites was found along 
lake shores and water systems. Soils were similar to 
those of the Group 2 community. The companion 
species were Calamagrostis pseudophragmites, 

Leymus secalinus, Glaux maritime, with total 
coverage of usually ~ 75%.  

Group 4: Phragmites australis + Typha 
angustifolia community type. All 3 samples of this 
community type were mainly found in permanent 
and seasonal wetlands. The elevation of this 
community was higher than that of the preceding 
communities. The soil was deeper and mildly wet, 
typically characterized as meadow, swampy and 
saline soils, with total plant percent cover of ~50%. 

Group 5: Agropyron cristatum + Glaux 
maritima + Phragmites australis community type. 
This community included 13 sample sites and was 
found mainly in permanent and seasonal wetlands, 
which had relatively high proportions of 
hydrophyte species. The companion species were 
Typha minima, Potamogeton panormitanus, and 
Juncellus pannonicus with total plant coverage of 
~65%.  

Group 6: Lycium ruthenicum -Phragmites 
australis community type. This group in 7 sample 
sites was found in along streams and rivers. The 
soils were typically characterized as brown desert 
and saline soils. The plant communities were 
comprised of many mesophytic and halophytic 
plants adapted to harsh environmental conditions 
with a total coverage of ~35%. 

  
 

 
 

FIGURE 2 
TWINSPAN classification of wetland plant communities in the Reserve 
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TABLE 3 

Species diversity of wetlands plant community in the Yangguan Reserve. 
 

Community 
group 

Name of community (Rm) (H) (D) ( J) 

Group 1 Phragmites australis community type 
0.321 ± 
0.036 

0.926 ± 
0.042 

0.584 ± 
0.035 

0.717 ± 
0.018 

Group 2 
Agropyron cristatum + Phragmites australis+ 
Heleocharis intersita community type 

0.464 ± 
0.012 

1.379 ± 
0.048 

0.452 ± 
0.07 

0.589 ± 
0.022 

Group 3 
Phragmites australis + Scirpus planiculmis+ 
Agropyron cristatum community type 

0.586 ± 
0.008 

1.205 ± 
0.009 

0.408 ± 
0.009 

0.418 ± 
0.031 

Group 4 
Phragmites australis + 
Typha angustifolia community type 

0.694 ± 
0.017 

1.418 ± 
0.031 

0.507 ± 
0.018 

0.503 ± 
0.027 

Group 5 
Agropyron cristatum + Glaux maritima+ 
Phragmites australis community type 

0.702 ± 
0.005 

1.467 ± 
0.003 

0.272 ± 
0.026 

0. 381± 
0.037 

Group 6 
Lycium ruthenicum- 
Phragmites australis community type 

0.335 ± 
0.042 

0.938 ± 
0.056 

0.314 ± 
0.013 

0.657 ± 
0.016 

Note: data represent the mean ± standard deviation.  
 
Community Species Diversity. Table 3 

shows that the variations of species diversity 
indices in different plant communities were 
relatively low. The estimated maximum mean value 
of the Shannon-Wiener (H), Simpson (D) and 
Margalef (Rm) diversity indices were 1.467, 0.584 
and 0.702, respectively. However, the Pielou 
evenness index (J) of the plant community Group 1 
was relatively greater than that of all other 
communities. This is speculated to have occurred 
mainly for two reasons. First, reeds were a widely 
distributed species. Second, the soil had high levels 
of moisture because waters were readily available 
in this wetland. 

The maximum value of both the H and Rm 
diversity indices in the plant communities occurred 
in the plant community Group 5, followed by the 
plant community Group 4; the minimum value for 
these two indices occurred in the plant community 
Group 1, a community of only a single species.  

These results show that the structure and 
composition of plant communities were simple and 
distinguishable, the distribution of species was 
uneven. Overall, the variation in community species 
diversity may be responsible for microsite 
heterogeneity in this transitional zone between 
wetland and desert. 

 
Communities Species Diversity in Relation 

to Disturbance. The types, intensity and effects of 
disturbance were investigated in the Yangguan 
Reserve Wetland. The results showed that human 
disturbance accounted for 99.76% of the total 
amount of disturbance. This implied that human 

disturbance could be a more critical factor in 
influencing species diversity than natural 
disturbance. Livestock grazing was the most 
frequent disturbance, accounting for 43.98% of all 
disturbances, followed by agriculture, poaching, 
fishing, tourism, harvesting of herbal medicine, fire 
and floods (Table 4). Because the Yangguan 
Reserve Wetland has a temperate climate with 
readily available waters and forage species, and the 
area is suitable for livestock grazing. Agriculture 
(such as planting grapes) was also an important 
disturbance.  

 
TABLE 4 

The frequency of the disturbance factors in 
wetlands of Yangguan Reserve. 

 
Disturbance Factor Frequency (%) 

Livestock grazing 43.98 
Poaching 14.42 
Herbal medicine harvesting 1.89 
Agriculture 23.04 
Tourism 7. 57 
Fishing 8.86 
Flood 0.11 
Fire 0.13 

 
Figure 3 uses a line graph to illustrate the 

relationship between the disturbance index and 
plant communities in the Yangguan Reserve 

occurred in plant community Groups 2 and 3. The 
grazing animals love to dine out on juicy leaves and 
aquatic plants, which could explain the high levels 
of disturbance observed here to a certain extent. 
The consequences of overgrazing in this area 
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included a reduction in plant percent cover and trampling and destruction of the soil. However, the 

FIGURE 3 
The relationship between disturbance indices and community groups 

 
 

species diversity indices in plant community 
Groups 2 and 3 were medium than other groups. 
That is to say, the species diversity were higher and 
disturbances were medium than other groups in 
plant community Groups 5 and 4. So the species 
diversity indices were higher with intermediate 
disturbance at the community level. A secondary 
peak in disturbance occurred in plant community 
Group 5, and was perhaps a long-term adaptation 
result of agriculture and poaching leading to 
decreased biodiversity. Accordingly, the 
biodiversity indices were relatively higher with 
community groups having mid-range levels of 
disturbance. This is consistent with the 

-  [19]. This 
obvious disturbance-diversity pattern revealed the 
importance of maintaining an intermediate level of 
disturbance for conservation of species diversity. 

 
 

DISCUSSION  

 
The occurrence of 74 species in the present 

study indicated that despite the relatively small area 
of wetlands (a total area of approximately 153.53 
km2), the wetlands were extremely important 
contributors to species-diversity within the arid 
desert area of the Yangguan Reserve. The study 
demonstrated that this region supports a significant 
level of plant diversity. Wetlands serve a role as 
centers of biodiversity [7]. In addition, these results 
showed that the habitats investigated were 
relatively simple likely due to harsh, variable and 
extreme environmental conditions [20]. This was 
mai
that possess the ability to tolerate adverse climatic 

and geographical conditions. 
Species diversity indices generally consider 

the total number of species and the total number of 
individuals of all species [11, 21]. Based on the 
indices analyzed here, wetland communities studied 
had a relatively simple structure and composition, 
and the distribution of species in these communities 
was uneven. The plant community Groups 1 and 6 
had comparatively higher evenness values, 
indicating that plant species were evenly distributed 
in those two communities. The concentration of 
dominance reflected the chance that a given species 
would be encountered during sampling, The lower 
value of 0.272 for Groups 5 indicated a greater 
chance of a species being encountered. That is, a 
low concentration of dominance is in accordance 
with higher diversity and is related inversely to the 
index of dominance [22]. An inverse relationship 
was found between the Shannon and Simpson 
indices. These results were in agreement with 
earlier findings [23]. This relationship can also be 
an expression of community structure and 
complexity of a habitat [21].  

The analysis of disturbance and plant 
communities suggested that human disturbance had 
an effect on the community species diversity of this 
wetland. Community species diversity indices were 
higher in plant communities that had experienced 
intermediate levels of disturbance. This suggested 
that the biodiversity patterns were likely a result of 
a disturbance-diversity pattern [24], described as 

-  [25]. 
From a temporal point of view, grazing of livestock, 
poaching, fishing, tourism and harvesting of herbal 
medicinal plants were seasonal in nature, 
concentrated in the spring, summer and autumn. 
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Fires and floods were contingent on both 
anthropogenic and natural events. 

Intermediate levels of disturbance created a 
heterogeneous microenvironment that favored 
competitive species and those capable of tolerating 
disturbance. Grazing can alter community 
composition as well as the abundance and 
distribution of various plant species [26]. This 
wetland ecosystem had high amounts of disturbance, 
suggesting that maintaining a certain degree of 
disturbance would be a viable conservation strategy. 
For these reasons, wetland managers need to 
consider all of the interrelated biotic and abiotic 
influences on these communities [27].  

 
 

CONCLUSION 

 
In conclusion, this study provides much 

needed research into the composition of wetland 
plant communities, community diversity and 
disturbance in the Yangguan Reserve. 
Understanding the above factors can aid activities 
such as biodiversity protection, wetland restoration 
and resources development. Sustainable and 
integrated management practices, including control 
of grazing activities and poaching, the conservation 
of rare plant species, the prevention of further 
degradation of existing plant communities, and the 
real-time monitoring of wetland dynamics should 
be considered in future research. 
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ABSTRACT 

Poplar wood was used to prepare activated 
carbon by chemical activation using sodium 
hydroxide (NaOH). The influences of the 
impregnation ratios and the activation temperatures 
were investigated. The activated carbons were 
characterized using N2 adsorption, infrared 
spectroscopy (FTIR), scanning electron microscopy 
(SEM) and elemental analysis. The highest surface 
area (1073 m2/g) and total pore volume (0.610 
cm3/g) were obtained at a carbonization temperature 
of 800 oC with an impregnation ratio of 3/1. The 
resulting activated carbon was used for removal of 
phenol from aqueous solution. The effects of the 
initial pH, temperature and contact time were 
investigated. The adsorption isotherm studies were 
carried out and the obtained data were analysed by 
Langmuir, Freundlich and Temkin equations. The 
Langmuir isotherm equation showed better fit for 
all temperatures. Pseudo first order, pseudo second-
order, and intraparticle diffusion kinetic models 
were used in this study for describing the 
adsorption process. The rate of adsorption was 
found to conform to the pseudo-second-order 
kinetic model.  
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activated carbon, adsorption, characterization, poplar 
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INTRODUCTION 

The adsorption has been found to be superior 
as compared to other traditional treatment methods 
for wastewater treatment due to its low-cost, easy 
availability, simplicity of design, high efficiency, 
ease of operation and ability to treat dyes and metal 
ions [1]. 

Activated carbon (AC) has been widely used 
to remove inorganic and organic pollutants from 
aqueous or gaseous media as an adsorbent. The 
high adsorption capacity of activated carbon is 
attributed to its huge surface area, well-developed 
pore structure and special surface chemical 
properties. The porous structures and final 
properties of activated carbons depend significantly 

on both the activation processes and the nature of 
raw materials [2]. 

Activated carbon is mainly produced by 
physical and chemical activation. Physical 
activation involves the primary carbonization of a 
precursor followed by the activation of the obtained 
char with oxidizing gases such as CO2 or steam at 
high temperatures (800-1000 oC). Chemical 
activation consists of the impregnation of raw 
material with chemical agents such as H3PO4, 
ZnCl2, NaOH, K2CO3, Na2CO3 or KOH followed by 
carbonization at temperatures between 400 and 800 
oC under a nitrogen atmosphere [3]. 

Chemical activation has recognized 
advantages for the production of activated carbons 
with high developed porosity; in addition, this 
procedure leads to high yields and the use of low 
activation temperatures. Main parameters of the 
preparation method affecting the characteristics of 
activated carbons are impregnation ratio, activation 
temperature and activation time [4]. 

However, the wide spread use of activated 
carbon is restricted due to its high cost. Thus, lower 
cost activated carbons have to be found as an 
alternative for expensive coal-based activated 
carbon. Because of the high cost and non-renewable 
source of commercially available activated carbon, 
in recent years, researchers have studied the 
production of activated carbons from cheap and 
renewable precursors, such as coconut coir pith [5], 
jute stick [6], scrap tyres [7], Enteromorphaprolifera 
[8], macadamia nut shells [9], cotton linter fibers 
[10], rice husk [11-12],  grape seeds [13], scrap tires 
[14], oil palm wastes [15], hazelnut shell [16], tea 
leaves [17], watermelon shell and walnut shell [18], 
pomegranate shell [19]. 

Phenols and substituted phenols are common 
pollutants in wastewaters. Major sources of water 
pollution with phenolic compounds are industries 
like oil refineries, petrochemicals, leather and 
textile manufacturing, plastic, rubber, pesticides, 
insecticides and pharmaceuticals [5]. Industrial 
wastewater containing phenolic compounds is 
especially harmful as these compounds are 
profound and very persistent in nature. To address 
this dangerous issue, it is imperative to conduct an 
exploration for an effective treatment technology to 
removal phenolic compounds from wastewater 
before its discharge into the environment [20].  
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The most common methods used for removal 
of phenol from industrial effluents include 
stripping, solvent extraction, oxidation, ion 
exchange, biodegradation and adsorption [21]. 
Among the various available technologies from 
literature for the treatment of phenol from water and 
gaseous streams, adsorption onto the surface of 
activated carbon and other adsorbents is still by far 
the most widely used method for treating domestic 
and industrial effluents [22]. 

In this study, activated carbons were prepared 
from poplar wood by chemical activation with 
NaOH.. The effects of the impregnation ratio and 
the activation temperature were investigated. The 
prepared activated carbons were characterized by 
N2 adsorption, Scanning Electron Microscopy 
(SEM), FTIR and elemental analysis. The produced 
activated carbon was used for removal of phenol 
from aqueous solutions by adsorption.   

 
 

MATERIALS AND METHODS 

Activated carbon preparation. Poplar wood 
residues were used as the precursor in the present 
study. The sample was air dried, grounded in high-
speed rotary cutting mill and then screened to give 
the fraction of 0.6<Dp< 0.85 mm particle size for 
use in the chemical activation experiments. The 
proximate and ultimate analyses of the raw material 
are given in Table 1. 

 
TABLE 1 

The proximate and ultimate analyses of the 
poplar wood. 

 

Characteristics Poplar wood 

Moisture content (%)           5.1 
Proximate analysisa (%)  
     Volatiles         71.42 
     Ash           2.32 
     Fixed carbonb         21.16 
  
Ultimate analysisa (%)  
     Carbon         46.41 
     Hydrogen          5.90 
     Nitrogen           0.25 

     Oxygenb         47.44 

    aWeight percentage on dry basis. 
    bBy difference 

 
Different amounts of NaOH (30, 60 and  90 g) 

were dissolved in 250 mL of distilled water, and 
then 30 g of dried poplar wood was mixed NaOH 
solution and stirred at approximately 85 oC for 6 h. 
Therefore the impregnation ratio (the ratio of the 
weight of NaOH in solution to the weight of the 
used poplar wood) was adjusted as 1/1, 2/1 and 3/1. 

The mixtures were dehydrated in an oven at  
110 oC for about 24 h. NaOH impregnated wood 
was placed in a stainless steel boat and carbonized 
in a vertical furnace at desired temperatures (600, 
700 and 800 oC) under the nitrogen flow of 100 
ml/min. The carbonization process was initiated by 
heating the sample at the heating rate of 5 oC/min 
starting from ambient temperature to the final 
temperature. Samples were held at the final 
temperature for 60 min. The resulting solids after 
carbonization were boiled at about 90 oC with 100 
mL of 0.5 N HCl solution for 30 min to leach out 
the activating agent, filtered and rinsed by warm 
distilled water several times to remove excess acid. 
They were then dried at 110 oC for 12 h. 

 
Characterization of activated carbons. The 

pore structure characteristics of the resulting 
activated carbons were determined by nitrogen 
adsorption at 77 K using an automatic adsorption 
instrument (Quantachrome, Autosorb-1 C). Prior to 
gas adsorption measurement, the carbon was 
degassed at 300 oC under vacuum for 3 h. The 
surface area, pore volume and pore size distribution 
of the activated carbons were determined by the 
application of the Brunauer Emmett Teller (BET),  
DR method and DFT (Density Functional Theory) 
method, respectively. The micro structures of 
poplar wood and produced activated carbons were 
examined using scanning electron microscopy 
(JEOL JSM-5600 LV Model SEM). The surface 
functional groups were analyzed by FTIR 
spectroscopy (Perkin Elmer). The spectra were 
recorded in the 400 4000 cm 1 wave number range. 
Carbon content of the activated carbon was 
determined by elemental analysis. 

 
Adsorption studies. Adsorption of phenol 

onto the produced activated carbon was studied.  
Adsorption experiments were carried out using 
batch equilibration techniques. In batch adsorption 
studies, working solutions were prepared from an 
aqueous phenol stock solution (1000 mg/L) by 
suitably diluting with distilled water.  The effects of 
the initial pH, temperature and contact time were 
investigated. 

The study of the influence of the initial pH on 
the adsorption was carried out in a range of 2 9.  
The solution pH was adjusted by the addition of 
HCl or NaOH solutions after the mixing of phenol 
solutions with activated carbon. The amount of 
adsorbent (0.1 g), volume of solution (50 mL), 
initial concentration of solution (400 mg/L) and the 
temperature (25 oC) were kept constant. 

The rate of adsorption of phenol was studied at 
different time intervals. In kinetic studies 50 ml 
phenol solution (100 mg/L) and 0.1 g activated 
carbon were placed into glass vials. The bottles 
were agitated using isothermal bath shaker at 25 oC 
until reaching the adsorption equilibrium. Batch 
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experiments were repeated for different periods. 
The concentration of phenol remaining in the 
solution was measured. 

Adsorption equilibrium isotherms on the 
selected carbon were determined using sample 
dosages of 0.1 g/50 ml aqueous solutions of initial 
concentrations in the range of 50 500 mg/l, at 25, 
35 and 45 oC. The pH was not adjusted. After 
adsorption, the concentrations of phenol were 
determined by UV spectroscopy (Aquamate, 
ThermoElectron) at 270 nm. 

 
 

RESULTS AND DISCUSSION 

Characterization of the activated carbons. 
Surface characteristics of the activated carbons. 
The adsorption isotherm is the information source 
about the porous structure of the adsorbent. The 
nitrogen adsorption desorption isotherms of 
resultant activated carbons prepared at various 
activation temperatures and impregnation ratios 
were shown in Fig. 1 and Fig. 2. 

Nitrogen adsorption isotherms of these 
activated carbons can be properly classified as a 
mixture of type I and type IV isotherms. According 
to IUPAC classification, type I isotherm can be 
associated with microporous structure while type IV 
isotherm exhibited by the mixture of microporous 
and mesoporous material. 

The major uptake occurs at relative pressure 
less than 0.1. The initial part of the isotherm 
represents micropore filling. The adsorption
desorption isotherms of the activated carbons 
overlap completely at low pressures.   However, the 
desorption isotherms exhibited H4 type hysteresis 
loop at the relative pressure between 0.4 and 1.0.  
The hysteresis loops seen on the adsorption-
desorption isotherms of the activated carbons are 
due to the existence of mesopores [23, 24].  As 
demonstrated by Fig. 1 and 2, the variation of 
textural properties of resulting activated carbons is 
dependent on the impregnation ratio and activation 
temperature. Table 2 presents the textural 
parameters of the activated carbons prepared at 
different conditions.  

Activation temperature has been identified as 
one of the most important factors in the chemical 

 
 

FIGURE 1 
Adsorption-desorption isotherms of the 

activated carbons at different temperatures 
(impregnation ratio:3/1) 

 
FIGURE 2 

Adsorption-desorption isotherms of the 
activated carbons at different impregnation 

ratios (activation temperature:800 oC) 
 
activation process. The effects of temperature on 
the surface area and pore volumes of the activated 
carbons are shown in Table 2. 

The BET surface area (SBET) increased from 
428 to 1073 m2/g with the increase in activation 
temperature from 600 to 800 oC at the impregnation 
ratio of 3/1. At the low activation temperatures of 
600 and 700 oC, the pore structure was inadequately 
developed, indicating that only a mild reaction 
occurred between the char and activating agent in

 
TABLE 2 

Surface properties of the activated carbons. 
AC samples Impregnation 

ratio 
Activation 
temperature 
(oC) 

SBET 

(m2/g) 
VMicro 
(cm3/g) 

VTotal 

(cm3/g) 
Dp  
(Å) 

PWC11800 1 800 510 0.133 0.308 24.17 
PWC21800 2 800 880 0.231 0.481 21.87 
PWC31600 3 600 428 0.130 0.237 22.15 
PWC31700 3 700 479 0.145 0.276 23.08 
PWC31800 3 800 1073 0.455 0.610 21.84 
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this stage. By contrast, at 800 oC, the sample 
showed remarkably improved porosity compared 
with the other activation temperatures, with a 
maximum Brunauer  Emmett Teller surface area 
and total pore volume of 1073 m2/g and 0.61 cm3/g, 
respectively. This result can be attributed to the 
combined effect of the heat-induced internal and 
volumetric widening of the existing pores [25]. 

Another factor, affecting the surface 
properties, is impregnation ratio. It can be seen that 
physical properties such as; surface area, micropore 
volume and total pore volume, increases with the 
impregnation ratio. 

The activation process rearranges the carbon 
structure producing a more ordered structural 
skeleton. The pore development occurs from four 
stages: (i) opening of previously inaccessibly pores, 
(ii) creation of new pores, (iii) widening of the 
existing pores and (iv) integration of the existing 
pores due to pore wall breakage. 

The data show that the SBET of the activated 
carbons increased from 510 m2/g to 1073 m2/g 
when the NaOH:char ratio increased from 1 to 3. As 
can be observed, the increase in the NaOH:char 
promotes an increase of the SBET. 

According to the literature, chemical 
activation using alkalis such as NaOH in excess, 
result in microporous activated carbons. The 
reaction between NaOH and carbon at high 
temperatures, shown in Equation 1, promotes the 
reduction of  Na+ cation into metallic sodium, the 
formation of sodium carbonate, and the reduction of 
hydroxyl anion into hydrogen gas. The 
microporosity can be achieved due to release of 
gases such as CO, CO2, and H2, which are produced 
by Na2CO3 decomposition at high temperature and 
hydroxyl reduction, respectively, or caused by the 
alkali metal intercalation into carbon structures [9, 
26]. 

 
2Na2CO3+3H2  (1) 

 
According to the results, there was a tendency 

of increase of micropore volume and total pore 
volume with the increase of NaOH/poplar wood. 
The micropores were the responsible for the 
increase of VT.  

The pore size distributions of the prepared 
ACs are shown in Fig. 3. An increase in pore 
volume was observed as the impregnation ratio 
increased for the ACs. Additionally, the most of the 
pores had sizes smaller than 2 nm (20 Å), indicating 
a development of microporosity of the material. 

 
Chemical surface characterization.  

Functional groups are very important characteristics 
of the activated carbons, because they determine the 
surface properties of the carbons and their quality. 
FT-IR spectroscopy in its various forms is an 
important and forceful technique which can give  

 
 

FIGURE 3 
Pore size distributions of the activated carbon. 

 
useful information about structures. It can provide 
basic spectra of activated carbons, especially for 
determination of types and intensities of their 
surface functional groups [27]. 

The FT-IR spectra were obtained to evaluate 
qualitatively the chemical structures of the raw 
material and activated carbon. The spectra are 
shown in Fig. 4. As can be observed, the activated 
carbon spectrum exhibited less absorption bands 
than raw material spectrum, indicating that some 
functional groups present in the raw material 
disappeared after the carbonization and activation 
steps. 

The broad band around 3500 cm-1shows the 
presence of OH stretching vibration of alcohol, 
phenol or carboxylic acid. The band at 2900 cm-1 is 
ascribed to C H stretching vibration and is 
observed only in raw material spectrum, indicating 
that hydrogen was broadly removed during the 
achievement process of activated carbon. 

The peak observed in activated carbon at 2350 
cm-1 was assigned to C-N stretching and bending of 
nitriles, which were possibly produced from 
secondary amines [28]. The new peaks at 2133 and 
1990 cm-1  stretching of 

. 
In raw material spectrum, the bands at 1740 

and 1600 cm-1 can be attributed to C-O stretching 
vibrations in carboxyl and alkenes groups, and 
aromatic rings. The band at 1600 cm-1 is common in 
two spectrums but frequency of the peak in 
activated carbon is lower than raw material. 

The stretching vibration of the molecular plane 
of C-C bonds, characteristics of aromatic rings 
appear in the region of 1400 cm 1. The bands 
between 1260 and 1050 cm-1 can be assigned of C
O stretching in carboxyl acids, alcohols, phenols 
and esters. 

The weaker bands around 600 cm 1 are 
ascribed to aromatic structures. It can be said that 
the chemical structure of poplar wood, being a 
lignocellulosic material, is made up of different 
atomic groupings and a large number of functional 
groups. 
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SEM Analysis. Scanning electron microscopy 
(SEM) technique was used to observe the surface 
physical morphology of the samples. SEM 
micrographs of the poplar wood and the produced 
activated carbon (PWC31800) were given in Fig. 5a 
and b. From figure 5a is clear that the poplar wood 
has fibrous structure with smooth surface. NaOH 
activation has substantial effect on the poplar wood 

with impregnation ratio of 3) shows cavities on 
their external surface that improve the porosity. 
Different pore sizes and shapes were observed on 
the activated carbon surface because of 
depolymerization and subsequent release of volatile 
organic substances from carbonization. 

 

 
 

FIGURE 4 
FTIR spectrum of the poplar wood and the 

activated carbon. 
 

 
(a) 

 
(b) 

FIGURE 5 
SEM photographs of the poplar wood and the 

activated carbon. 

Elemental analysis. Elemental 
compositions of the produced activated carbon 
(PWC31800) is as follows; 

Carbon:% 82.27, Hydrogen: % 2.16 Nitrogen: 
% 0.57 Oxygen: % 14.99. The carbon content of the 
activated carbon substantially increased compared 
to poplar wood after activation process. Hydrogen 
and oxygen contents showed the opposite change 
trend as expected. Because of poplar wood 
decomposition in the activation and carbonization 
processes, volatile compounds, such as hydrogen 
and oxygen left the carbonaceous product. 
Therefore, the carbonaceous product became rich in 
carbon 

 
Adsorption studies. The activated carbon 

with a highest surface area (PWC31800) was used 
in adsorption studies. 

 
Effect of the initial pH on the adsorption of 

phenol. The effect of the initial pH on the 
adsorption of phenol on activated carbon was 
studied by changing the pH of the solution from 2.0 
to 9.0 and the results are shown in Fig. 6. 

 

 
 

FIGURE 6 
Effect of the initial pH on the adsorption of 

phenol  
 
It can be observed that the removal of phenol 

increased with increasing pH from 2 to 6. The 
maximum removal was observed as 168.15 mg/g at 
pH 6. An increase in pH above 6.0 shows a 
decreasing trend in adsorption. 

In literature, that phenol adsorption at low and 
high pH values is not favorable [29]. At lower pH 
values, the uptake of phenol is less due to the 
presence of H+ ions suppressing the ionization of 
phenol and hence its uptake on polar adsorbent is 
reduced. Moreover, additional protons in the 
solution at low pH resulted in competition for the 
carbonyl sites, thereby reducing the extent of 
adsorption at low pH. In the higher pH range, 
phenol forms salts which readily ionize leaving 
negative charge on the phenolic group. At the same 
time, the presence of OH  ions on the adsorbent 
prevents the uptake of phenolate ions. High pH 
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environments led to high concentration of OH , 
which can increase the hindrance to the diffusions 
of phenolate ions and thus reduce the chances of 
their adsorption [22]. 

 
Adsorption kinetics. The kinetics of the 

adsorption explains the variation in uptake of an 
adsorbate in terms of time. The kinetic parameters 
give important information for designing and 
modeling adsorption processes [30]. To investigate 
the adsorption mechanism and determining kinetic 
parameters, adsorption data were analyzed using 
pseudo-first-order, pseudo-second-order and 
intraparticle diffusion models. 

The pseudo-first-order equation has been 
widely used to describe the adsorption of an 
adsorbate in an aqueous solution onto an adsorbent. 
This equation is based on the assumption that the 
rate of change in the uptake of a solute by an 
adsorbent over time is directly proportional to the 
change in the difference between the saturation 
concentration and the amount of solute that is 
adsorbed over time [31]. 

The linearized integral form of the pseudo first 
order kinetic model is expressed as follows [32,33]. 

2.303

tk
logq)qlog(q 1

ete   (2) 

in which qe and qt (mg/g) are the amounts of phenol 
adsorbed at equilibrium and at time t, respectively, t 
(min) is the contact time, and k1 (1/min) is the rate 
constant for this equation. The values of k1and qe 
can be calculated from a plot of log (qe  qt) against 
t (Figure 7). 

The pseudo-second-order equation is also 
based on the sorption capacity of the solid phase. 
Contrary to the other model, it predicts the behavior 
over the whole range of adsorption and is in 
agreement with an adsorption mechanism being the 
rate controlling step. The linear pseudo-second 
order rate equation is expressed as follows [34]; 

e
2

e2t q

t

qk

1

q

t
 (3) 

where qe is the maximum quantity of phenol 
adsorbed at equilibrium and qt is the adsorbed 
quantity of phenol. k2 is the kinetic constant of 
pseudo second-order equation. The equilibrium 
adsorption capacity (qe) and the second order 
constants (k2) can be determined experimentally 
from the slope and intercept of the plot of t/qt versus 
t (Figure 7). 

The calculated parameters of the pseudo first-
order as well as the pseudo second-order model are 
listed in Table 3. From Table 3 it can be understood 
that the pseudo-second-order kinetic model has 
higher correlation coefficient than the pseudo-first-
order model (close to unity) and the amounts of 
phenol uptake which is predicted by the model are 
in a good agreement with the experimental data 

(qexp=26,93 mg/g) . This result obtained in 
this kinetic study also matched with previous works 
[30,35]. 

 

 
FIGURE 7 

Pseudo first and pseudo second order kinetics 
plots. 

 
The diffusion mechanism could be explained 

by using the intraparticle diffusion model. Usually, 
the intraparticle diffusion depends on the various 
factors such as the physical properties of adsorbent, 
the initial concentration of solution, temperature 
and the rotation speed in batch mode [35]. The 
intra-particle diffusion rate equation is expressed by 
the following equation [36, 37]. 

qt= kpt1/2+C  (4) 
where qt is the adsorbed quantity of phenol, kp is the 
intraparticle diffusion parameter, and C is the 
thickness of the boundary layer. 

The constants were calculated and listed in 
Table 3. If the value of C is zero, then the rate of 
adsorption is controlled by intraparticle diffusion 
for the entire adsorption period. However, the plot 
of q against t1/2 (Figure 8) usually shows more than 
one linear portion, and if the slope of the first 
portion is not zero, then film (boundary layer) 
diffusion controls the adsorption rate at the 
beginning. As seen from Fig.8, the plots were not 
linear over the whole time range, implying that 
more than one process affected the adsorption. The 
plot has an initial curved portion, followed by an 
intermediate linear portion. The first sharper portion 
is the external surface adsorption or instantaneous 
adsorption stage. The second portion is the gradual 
adsorption stage, where the intra-particle diffusion 
is rate controlled. 

TABLE 3 
Kinetic parameters for the adsorption of phenol 

onto activated carbon 
 

Kinetic Kinetic parameters 
Pseudo  first k1=0.0099 qe=7.06 R2=0.834 
Pseudo-second k2=0.0034 qe=27.2 R2=0.999 
Intraparticle 
diffusion 

kp=0.6337  R2=0.827 
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FIGURE 8 

Intra-particle diffusion kinetic model plot 
 
Adsorption isotherms. The adsorption 

isotherm describes how molecules of adsorbate are 
partitioned between adsorbent and aqueous solution 
at equilibrium as a function of concentration. . The 
Langmuir, Freundlich and Temkin isotherm models 
were used to describe the relationship between the 
amount of phenol adsorbed and its equilibrium 
concentration in solutions.  

The Langmuir isotherm equation is widely 
used adsorption isotherm model, which is based on 
the following implicit assumptions: (a) each site can 
only accommodate one molecule or atom, (b) an 
adsorption site is localized and (c) the adsorption 
energy of adsorbents is a constant over all sites 
[35]. 

Langmuir equation can be represented by the 
following Equation [35, 38]. 

 

 
m

e

me

e

Q

C

bQ

1

q

C
   (5) 

where Qm and b are Langmuir isotherm parameters, 
and qe is the equilibrium adsorbed amount, and Ce 
is the concentration of adsorbate in the solution at 
equilibrium condition. The calculated Langmuir 
isotherm model parameters are listed in Table 4. 
Besides, the correlation coefficient (R2) was also 
estimated from the plot of Ce versus Ce/qe (Figure 
9), to investigate the applicability of the Langmuir 
model. 

The Freundlich isotherm model is based on the 
assumption that the adsorbate absorbs onto the 
heterogeneous surface of an adsorbent. This model 
is expressed by the following equation [17, 39]: 

efe logC
n

1
k logq loq   (6) 

 
where qe is the equilibrium adsorbed amount 
(mg/g), Ce is the equilibrium concentration of 
phenol in solution (mg/L), and kf  and n are 
constants, the factors affecting the adsorption 
capacity and intensity of adsorption, respectively. 
The Freundlich constants were determined from the 

slope and intercept of a plot of log qe versus 
log Ce (Figure 10). 

Temkin adsorption isotherm was developed 
assuming that the heat of adsorption of all the 
molecules in the layer decreases linearly with 
coverage due to adsorbate adsorbate interactions; 
adsorption is characterized by a uniform 
distribution of binding energies, up to some 
maximum binding energy. The linear form of  
Temkin isotherm is expressed as follows [40, 41]: 

qe=B ln Kt + B ln Ce  (7) 
where B=RT/b,  Kt is the equilibrium binding 

constant (l/mg), B is related to the heat of 
adsorption. A plot of qe versus ln Ce (Figure 11) 
enables the determination of the isotherm constants.  

 

      
FIGURE 9 

Langmuir plots for adsorption of phenol at 
different temperatures. 

 
FIGURE 10 

Freundlich plots for adsorption of phenol at 
different temperatures. 

 
Comparison of isotherm models for phenol 

adsorption onto activated carbon at different 
temperatures was shown in Table 4. The correlation 
coefficients for Langmuir isotherm were highest 
(R>0.99) in comparison to the values obtained for 
Freundlich and Temkin isotherms. Therefore, 
Langmuir isotherm was found to best fit the 
equilibrium data for adsorption of phenol onto 
activated carbon. Langmuir model assumes a 
localized monolayer adsorption with the allowance 
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TABLE 4 
Adsorption constants for the sorption of phenol at various temperatures 

 
Isotherms Temperature 

(K) 
Constants 

  Qm b R2 

 
Langmuir 

298 
308 
318 

124.51 
121.15 
120.78 

0.0747 
0.0487 
0.0257 

0.9978 
0.9979 
0.9954 

  kf n R2 
 
Freundlich 
 

298 
308 
318 

29.64 
21.72 
14,69 

3.41 
3.17 
2.76 

0.950 
0.908 
0.946 

  B Kt R2 
 
Temkin 

298 
308 
318 

24.36 
23.50 
24.55 

1.196 
1.649 
3.57 

0.963 
0.947 
0.980 

  

       
FIGURE 11 

Temkin plots for adsorption of phenol at 
different temperatures. 

 
that one adsorbate molecule can occupy more than 
one adsorption site. Therefore, it can infer that the 
mechanism of phenol adsorption on activated 
carbon samples is intended to obey monolayer 
adsorption mechanism. [42]. In addition, it is found 
that the monolayer phenol adsorption capacities 
(Qm) for all temperatures are almost constant (Table 
4). These results show that the temperature does not 
have an effect on elimination of phenol. These 
results are in well agreement with the values 
reported by several authors [30, 42, 43]. 

Moreover, the n values in Table 4 are larger 
than 1. This indicates heterogeneity of the 
adsorbents and favourable adsorption of phenol on 
activated carbon.   

 
Thermodynamic studies. The changes in 

standard free energy, standard enthalpy and 
standard entropy were used to speculate on the 
adsorption mechanism. These thermodynamic 
parameters are determined by using the following 
equations [44, 45]. 

e

A
c C

C
K                (8)     

 c
o RTlnK        (9) 

RTR
lnK

oo

c      (10)        

 
where Kc is the equilibrium constant, CA is the 

amount of phenol adsorbed by the adsorbent. 
(mg/L) and Ce is the equilibrium concentration in 
solution (mg/L). H° and S° were calculated from 
the slope and  
(figure not shown), respectively.  

 
were given in Table 5. The 
indicated that process was thermodynamically 
feasible, spontaneous and chemically controlled. 

H° indicated that the nature 
of adsorption process was exothermic the 
adsorption advances primarily by physical means. 
The ecreased 
randomness and reduced confusion at the 
solid/solution interface during the adsorption 
process. Similar results were obtained by other 
authors in phenol adsorption [30,46,47]. 

 
TABLE 5 

Thermodynamic parameters for the adsorption 
of phenol. 

 
T 
(K) (kJ/mol) 

 
(kJ/mol) (kJ/mol.K) 

298 
308 
318 

-4.19 
-2.77 
-1.71 

 
-41.21 

 
-0.124 
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CONCLUSION 

In this study activated carbons were produced 
from poplar wood by NaOH activation. The effects 
of the impregnation ratio and the carbonization 
temperature were investigated. Activated carbons 
were characterized by several techniques such as N2 
adsorption, SEM and FTIR analysis. The highest 
surface area (1073 m2/g) and total pore volume 
(0.610 cm3/g) were obtained at a carbonization 
temperature of 800 oC with an impregnation ratio of 
3/1. Batch adsorption studies for the removal of 
phenol from aqueous solutions have been carried 
out using the produced activated carbons.The 
pseudo-first order, pseudo-second-order and 
intraparticle diffusion kinetic models were analyzed 
and the results indicated that the pseudo-second 
order equation provided the better correlation for 
the adsorption data. The adsorption isotherm studies 
showed that Langmuir adsorption isotherm model 
adequately described the adsorption of phenol onto 
activated carbon and the maximum adsorption 
capacity was found to be 124.51 mg/g. According 
to the enthalpy values, the type of adsorption of 
phenol onto the activated carbon was defined as a 
physical adsorption and the process was 
exothermic. 
that the adsorption of phenol was spontaneous.  
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ABSTRACT 

 
Climate change and invasive plant species 

pose extraordinary ecological challenges to the 
world today. In addition, global warming enables 
invasive plants to spread more widely. Biological 
invasions are seen as a major threat to biodiversity 
on a global level, while the number of new 
invasions is increasing at an alarming rate. Raising 
the awareness of the public, the academic world 
and policy makers about the dangers caused by 
invasive species is essential for the creation of the 
support needed to implement and coordinate the 
policies necessary to address this problem. The aim 
of this study is to determine the level of local public 
awareness of the existence of these plant species, 
examine their attitudes towards alien invasive plant 
species and their willingness to get involved in the 
prevention of their spread. The survey was 
conducted in three nurseries and one garden centre 
in the territory of the city of Belgrade. The 
population that visits the nurseries and garden 
centre in order to buy plants were subjected to the 
survey method. The results show that the local 
public is uninformed on the issue of invasive plant 
species. It is necessary to constantly and intensively 
raise their awareness of this issue, as well as the 
awareness of the harmful consequences that may 
occur due to the uncontrolled spread of alien 
invasive species.  
 
 
KEYWORDS:  
Climate change, awareness of the public, public attitude, 
alien invasive plant species, city of Belgrade.  
 
 
INTRODUCTION 

 
Invasive species and climate change are 

considered to be one of the greatest threats to 
biological diversity. The combination of these two 
causes of environmental changes can result in huge 
consequences. Their impact on the loss of 

biodiversity is little studied and poorly understood. 
The dying out of natural species due to climate 
change has been widely discussed among scientists, 
governments, institutions and organisations but 
little attention has been dedicated to the species that 
will actually take their place [1]. 

However, the general consensus is that climate 
changes favour invasive alien species in a way that 
they enhance their impact on ecosystems [2]. Under 
the impact of climate change, invasions occur 
through the introduction of new species and the 
spread of already present local species, in which 
case the local non-invasive species become invasive 
as a result of new environmental conditions [2]. 

Invasions are the result of a very complex set 
of processes. Many of these processes are 
economically motivated  including the use of 
exotic species in various economic activities, 
habitat change and its fragmentation, a liberalised 
and non-regulated market, booming trade in goods 
and services, as well as the increasing mobility of 
both people and things [3]. 

Hundreds of invasive alien species are sold 
through horticultural activity. Most of them adorn 
our landscapes and they represent an immeasurable 
aesthetic value to the environment. However, there 
is no doubt that this horticultural activity is 
responsible for the introduction of a relatively high 
percentage of invasive alien species, whose 
negative impact on the economy and the 
environment ranges from minor to quite 
considerable [4]. 

Raising public awareness and the awareness of 
the academic world and decision makers about the 
dangers of invasive alien species is crucial for the 
creation of the support necessary for the 
implementation and coordination of policies to 
solve this problem [1].  

The aim of this paper is to clarify the concept 
of introduced invasive plant species, to determine 
the level of local public awareness of the presence 
of alien species in the territory of Belgrade, to 
examine their attitudes towards the invasive alien 
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species and their willingness to be involved in 
preventing the spread of these species.  

 
 

METHOD 
 
The applied method of work was a survey of 

the population in order to gather direct information 
regarding their awareness, attitudes and willingness 
to get involved in solving the problem of the spread 
of introduced invasive plant species. Two types of 
data were collected: primary and secondary. 
Primary data represents all the information 
collected during the field research using the survey 
method. Secondary data includes information 
collected by examining domestic and foreign 
literature, reports from international organisations, 
magazines, strategies and legal documents, together 
with browsing the internet.  

The survey was conducted during April and 
May 2011, in four nurseries in the territory of the 
city of Belgrade - three of which are the state-
owned Public Utility Company (PUC) Zelenilo 

 Zemun, P  
Kumodraz and Public Company (PC) 

 Topcider, with the fourth being the 
dikovac. 

Thirty customers were surveyed in each nursery. In 
selecting the respondents (customers), the criterion 
used was to choose the people who visit nurseries 
during the year and buy plants there. In the first part 
of the questionnaire the following demographic 
characteristics were taken into consideration: 
gender, age and education level. Before proceeding 
to the part of the survey with questions that are 
related to the awareness of the concept of invasive 
alien woody species, the customers who were not 
familiar with this concept were given the relevant 
background information in a simple and 

understandable way, so that they could 
answer the questions in the survey listed below: 

Question 1: Are    you    familiar   with       the 
concept of invasive plant species? 

Question 2: Do you    think that it is necessary 
for the  public to  be  better informed by the 
experts? 

Question 3: Is   it   important   to  involve   the 
Public   in   preventing   the    spread   of    invasive 
alien plant species through organised activities? and  

Question 4: Would   you  get    involved      in 
organised activities with the aim to suppress 
invasive species? 

In order to determine how significant the 
differences obtained in the survey are, an analysis 
of variance was applied to determine the statistical 
significance of the differences in the answers 
obtained. The comparison was made by using the 
standard program for statistical data processing.  
 
 
CUSTOMER SURVEY RESULTS 

 
By analysing demographic characteristics of 

the subjects, the obtained results show that 55.8% 
of the customers surveyed are male and 44.2% are 
female, of an age when they are actively employed 
(78.3% of the respondents are 24-65 years old). 
Based on their education level, of the total number 
of the respondents, the share of respondents with a 
university, college and high school degrees is about 
the same at 33.3%, 31.7% and 32.5% respectively, 
while the smallest number of respondents 
completed only their primary school education  
2.5% (Figure 1). 

Table 1. shows the results which were 
obtained after analysing the survey related to the 
questions regarding invasive woody species. They 
are listed in a descriptive format below: 

 
 
 

 
 

FIGURE 1 
Overview of the demographic data of the respondents who participated in the survey. 

 
 
 
 
 



© by PSP  Volume 25  No. 11/2016, pages 4680-4684  Fresenius Environmental Bulletin  

4682 

TABLE 1 
Results of the analysis of variance and the statistically significant difference in the respondents  answers. 

 

 

Are you familiar 
with the concept 
of invasive plant 

species? 
 

Do you think that 
it is necessary for 
the public to be 

better informed by 
the experts? 

 

Is it important to 
involve the public 
in preventing the 
spread of invasive 

alien plant 
species through 

organized 
activities? 

Would you get 
involved in 

organized activities 
with the aim to 

suppress invasive 
species? 

 

 Question 1. Question 2. Question 3. Question 4. 

Yes 46.65  93.35a 90.85a 49.15a 
No 53.35a 6.65b 9.15b 50.85a 

F-ratio 0.42 406.72 757.22 0.03 
Confidence level 0.54 0.00 0.00 0.861 

 
 

Question 1: Are you familiar with the concept 
of invasive alien woody species? 

When it comes to the awareness of invasive 
alien plant species, the number of customers 
surveyed who are familiar with the concept and 
those who are not is as follows: a negative response 
was given by 53.35% and a positive response by 
46.65% of the respondents. Statistical differences in 
these values are not at a significant level (p>0.05), 
and the result indicates a relatively low level of 
customer awareness of the existence of these plant 
species and the need to take additional measures in 
order that the public be properly informed and 
educated about this particular phenomenon. One of 
the possible methods could be that more general 
information regarding this concept can be acquired 
while visiting nurseries or buying plants.  

 
Questions 2 and 3: Do you think it is 

important to inform the public about the dangers 
arising from the spread of invasive alien plant 
species? Do you think it is important to involve the 
public in the prevention of their spread? 

The greatest number of customers surveyed 
(Table 1) had the same attitude about whether it is 
important to inform the public about the dangers 
arising from the spread of invasive alien plant 
species, and they gave a positive response 
(93.35%). With a slightly smaller percentage 
(90.85%), but based on statistical parameters with a 
high degree of significance, one can notice a 
positive answer of the greatest number of the 
respondents who feel it is important to involve the 
public in the prevention of the spread of invasive 
alien plant species through some form of organised 
activities. On the other hand, the answers to the 
question of whether they would get involved in 
organised activities show a very interesting picture 
of the attitudes of the customers surveyed: 

 

Question 4: Would you get involved in 
organised activities? 

The responses polarised the respondents who 
gave either a positive or a negative answer (Table 
1). These two responses do not show a statistically 
significant difference (p<0.05) and the values are 
stored in the same homogeneous group (49.15% 
and 50.85%). A large number of the respondents 
cited the lack of free time as the reason for their 
response. These results indicate that the 
respondents believe that it is very important for the 
public to be informed about this particular 
phenomenon as well as to be involved in solving 
the problem, but at the same time, most of them 
would not get involved in organised activities to 
prevent the spread of invasive alien plant species. 
The relationship between an active connoisseur of 
the situation and a passive participant in the events 
refers to the broader concept of this work. The 
interest and willingness of people to contribute to 
preventing the spread of these plant species could 
be increased through a constant, better and more 
intense process of informing the public by the 
competent services, and the development of 
sociologically active voluntary activities that could 
have a stronger impact on the change in attitudes 
towards personal engagement in socially beneficial 
activities.  

 
 

DISCUSSION 
 
The extent of biological invasion increased 

during the last century due to anthropogenic factors 
such as the removal of borders, international 
movement and business operations [6]. Nowadays, 
biological invasions are recognised as a direct result 
of the actions that people take or do not take. They 
can be defined as a side effect of modern society or 
as a problem stemming from the system of values, 
decisions and behaviour of modern man.  
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The human contribution and an increased 
transfer of species have become more pronounced 
in recent decades due to climate change, accelerated 
globalisation and the development of trade, 
transport, travel and tourism. The phenomenon of 
the human contribution to the transfer of species 
and biological invasions as its end result has been 
recognised for centuries. The process itself has 
become more common over the last two centuries 
when travel has became more organised and 
efficient, while countries have been encouraged in 
terms of exploration, colonisation and global trade 
[7]. 

In recent years, it has become very clear that 
the human factor is both at the core of the problem 
of invasive species and also the key to its solution. 
With this in mind, to solve the problem of invasive 
alien species successfully, first it is necessary to 
direct our attention to correcting the behaviour of 
individuals which results of their convictions, 
beliefs and knowledge.  

By organising activities aimed at informing 
and educating, the general public should become 
familiar with the concept of invasive alien species 
and alerted to the existence of the problem related 
to invasive alien species and their harmful effects. 
A feeling of responsibility should be created among 
citizens, members of the government and 
businesses, and their attention should be directed to 
the potential dangers resulting from the trade and 
transfer of invasive species. If these activities not 
only indicate the threat to biodiversity but also the 
risks to human health and the economy, the public 
will likely be more inclined towards new 
legislation.  

A successful strategy regarding invasive 
species depends on public understanding and the 
acceptance of the activities needed to protect 
valuable resources. In this sense, having broad 
education is necessary as well as training programs 
to help motivate people to take action and raise 
their awareness, including programs of cooperation 
with volunteers.  

The results obtained show that the members of 
the public who buy plants in nurseries should be 
educated about the problems created by invasive 
alien species in natural habitats in order to reduce 
the sale of introduced invasive plants. The results 
also indicate that the local population is uninformed 
about this phenomenon.  

The business of decorative horticulture can 
significantly improve its image by taking an 
important and active role in finding and promoting 
solutions to the problems caused by the invasive 
alien species which are currently on sale [4]. An 
effective response by the nursery business to the 
problems caused by alien woody species can be 
achieved in four steps: recognising the importance 
of this problem for the sake of natural landscapes, 
recognising the role that nurseries of decorative 

plants play, dialogue with public 
organisations and private groups that deal with 
invasive plants and a willingness to participate in 
programs to eliminate or reduce the sale of problem 
species.  

The results of this study are in accordance 
with the conclusions of the research conducted by 

 (2009) [1] in Belgrade and 
Sarah Hyden Reichard and Peter White (2001) [8] 
in the USA. All three studies show that the 
members of the public who buy plants should be 
educated about the problems caused by invasive 
alien species in order to reduce the sale of 
introduced invasive plants. 

By comparing the results of this research with 
the results of the research conducted by Dragana 

 in April 2009, one can notice a 
stagnant trend of local population awareness of the 
existence of invasive plant species. Such a result 
supports the fact that in the period between the two 
studies there was no implementation of any activity 
designed to educate the local population about this 
phenomenon.  

It is necessary to start as soon as possible and 
constantly implement the process of informing the 
entire local population and decision makers about 
this phenomenon and also on the harmful effects 
that may occur due to the uncontrolled spread of 
invasive alien species. In this way, one can increase 
the interest and willingness of the local population 
to contribute to solving the problem.  

 
 

CONCLUSION 
 
The results of the research show that the local 

population is uninformed about the issue of 
invasive plant species. It is necessary to carry out 
the process of constant and intensive informing 
about this phenomenon and about the harmful 
effects that may occur due to the uncontrolled 
spread of invasive alien species. This applies not 
only to the people who visit nurseries and buy 
plants there, but to the entire local population and 
decision makers. In this way, one could increase the 
interest and willingness of the local population to 
contribute to solving this problem.  

After summing the responses obtained by 
interviewing the customers in four nurseries - PUC 

 Zemun, P
  

Topcider and the 
in Vidikovac - it can be concluded that many 
respondents are not familiar with the concept of 
invasive alien plant species. In fact, 53.3% gave a 
negative response, and 46.7% are familiar with this 
particular concept. The result indicates a low level 
of local population awareness of the existence of 
these species and, therefore, the negative effects 
that their spread can cause.  
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Also, a large number of the respondents  
93.3%, believe that it is very important for the 
public to be informed about this particular 
phenomenon, with 90.8% believing the public 
should be actively involved in solving the problem. 
However, at the same time, only 49.2% of the 
respondents would actually get involved in 
organised public activities to prevent the spread of 
invasive alien plant species. As the main reason, 
most of them cited a lack of free time, which 
suggests a rather passive attitude of the local 
population toward joint public activities. The 
reason for this could be an actual lack of time and a 
lack of motivation due to them not being 
sufficiently informed and educated or even 
confident of achieving the positive effects of such 
activities.  

Based on the results obtained by interviewing 
the customers in the nurseries, it can be concluded 
that the public generally have a negative attitude 
towards invasive alien woody species. This kind of 
attitude is encouraging because it suggests that the 
respondents recognise the importance of this issue 
despite a lack of education on the subject, due to 
the insufficient amount of information provided by 
experts, professional services and the media.  

The experience of other countries that 
recognised the dangers of this phenomenon a long 
time ago, not only on a local but also on a global 
level, should serve to create an effective strategy to 
combat the rapid spread of existing invasive species 
and prevent new introductions in the future. 
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ABSTRACT 

The study examined the energy forms and 
balance in peach production and determinants of 
energy use efficiency in Samsun province, Turkey. 
Research data were collected from 43 randomly 
selected peach producers by using a well-structured 
questionnaire. Both energy analysis and the 
stochastic production frontier approach were used 
to investigate the energy balance between the 
energy inputs and yield in peach production and 
reveal determinants of energy inefficiency. The 
research showed that output energy was greater 
than energy inputs for peach production and farm 
level energy efficiency scores differed associated 
with the characteristics of farms and peach 
producers in the research area. The energy 
productivity, specific energy, energy intensiveness 
and net energy of peach production were 0.60 kg 
MJ-1, 1.67 MJ kg-1, 1.73 MJ $-1 and 2429.96 MJ ha-

1, respectively. Energy analysis also showed that the 
main determinants, which influenced the energy use 
efficiency positively, were schooling, experience, 
the ratio of peach orchards to farmland and family 
size. However, the variables of total assets, working 
capital, number of trees and number of plots 
showed a negative relationship with energy 
efficiency. The study proposes strategies such as 
providing better extension services and farmer 
training programs, enhancing specialization in 
peach production, decreasing the number of plots 
and balancing the working capital use together with 
controlling the distribution of total assets in order to 
increase the energy use efficiency for peach 
production in Samsun province. 

 
 

KEYWORDS:  
Peach, energy consumption, energy use efficiency 
determinants, stochastic frontier analysis 
 
 
INTRODUCTION 

Energy is one of the main drivers of economic 
development. The industrialization process has led  

 
the economies of many nations to consume much 
more energy than in the past. The International 
Energy Agency (IEA) announced that energy 
consumption would increase by 1.2% per year and 
reaches 16.700 million tons of oil equivalent [2]. 
This pressure on energy sources led to degradation 
of the environment and fluctuations in the climate 
system all over the world. Agriculture has 
contributed to this pressure as a main energy 
consumer. Vast amount of inputs such as seeds, 
manure, commercial inputs directly and indirectly 
in the form of fuel, electricity, fertilizer, plant 
protection, chemicals, irrigation water and 
machinery are used in agriculture. Energy input use 
in agriculture has accelerated associated with 
population, scarce arable land and living standards 
of the people. All these drivers encourage the 
demand for energy inputs to maximize revenue for 
agricultural producers. Therefore, many researchers 
have analyzed the energy consumption following 
classical energy analysis procedures in agriculture 
focusing on field crops, vegetables and fruits 
worldwide [7], [13], [15], [17], [22], [26], [29], 
[30], [31], [32], [36]. Nowadays, researchers have 
expended tremendous effort to extend classical 
energy analysis procedures. Some researchers have 
focused on energy input-output together with 
sensitivity analysis [24], [31], while the others have 
focused on the relationship between energy 
consumption and CO2 emissions [14], [25], [28]. 
However, there has been some information gaps 
related to examining the distribution of energy use 
efficiency at farm level. Since energy use efficiency 
differs associated with the characteristics of farms 
and producers, examining the energy use efficiency 
and developing strategies with the classical 
approach are inadequate. That is why concentrating 
on farm level energy use efficiency and focusing on 
energy use efficiency determinants are on the 
agenda for many decision makers. The main 
objectives of the study, therefore, were (i) to 
explore energy consumption and energy use 
efficiency and (ii) to reveal energy use efficiency 
determinants for peach production in the Samsun 
province of Turkey. 
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MATERIALS AND METHODS 

The research area. This study was conducted 
in Samsun province which is located on the 
northern Black Sea coast of Turkey. The Samsun 
province is located in 41°17´ north latitude and 
36°20´ east longitude (Figure 1). Samsun province 
contains 958,000 hectares in area, 47% of it is used 
for agricultural production, and there are 104,000 
farms. Samsun has a mild climate. Its average 
temperature is 14.20C and the average rainfall is 
664.9 mm annually [3]. The research area 
constituted approximately 4.8% of the total peach 
production in Turkey [4].  

 

 
FIGURE 1 

Location of Samsun city on the map of Turkey 
 

Stochastic frontier model. The Stochastic 
Frontier Approach [9] was used when measuring 
energy use efficiency. In this study, a two-stage 
procedure was used to estimate the inefficiencies 
and the reasons for them. In the first stage, we 
estimated the efficiency scores for all sample farms. 
Then, we performed regression for some 
explanatory variables on output energy values in 
second stage. T  actual 
amount of energy use and the estimated frontier 
amount of energy use was attributed to inefficiency. 

In the stochastic frontier model, we used 
energy equivalent of peach production as the 
dependent variable. Similarly, [31] used the output 
energy as the dependent variable at their research in 
Iran. The explanatory variables used to explain 
efficiency were included in the model when 
estimating the measures of energy efficiency. Cobb-
Douglas was an appropriate model for our data 
based on the results of the likelihood ratio-type test, 
used to test Cobb-Douglas against the translog one. 
Based on [6] and [9], the following model was used 
in the study: 

iiii UVXT )ln()ln( ,   

43...,,.........1i  
where iT  is the energy equivalent of peach 

production value of the i th farm, iX  is a 
vector of inputs for i -th farm,  is a vector of 
unknown parameters, iV  is the random variables 
that were assumed to be independently and 
identically distributed with ),0( 2

VN  and 
independent of iU , and iU  represents the non-
negative random variables, which are assumed both 
to account for energy use inefficiency and be 
independently distributed as truncations at zero of 

),( 2
UiN . 

In this definition of iU , ii z , where 
( iz ) is a vector of explanatory variables that may 
influence the energy use efficiency of a farm, and 
( ) is a vector of parameters to be estimated. 

Pure random disturbance, V , is separated 
from disturbances that can be attributed to the 
factors influencing the energy use efficiency, U , 
via . The level of energy use inefficiency was 
estimated as )(iUe . The sample peach producer 
was fully efficient when using energy inputs if the 
energy use efficiency score was one, while that of 
an inefficient one was zero. 

The parameters for the stochastic frontier 
production function and inefficiency effect model 
were estimated by using maximum-likelihood 
estimator. FRONTIER, Version 4.1, developed by 
[10] was used to estimate the coefficients.  

 
TABLE 1 

Energy equivalent of inputs and output in peach 
production. 

 
Inputs Unit Energy 

equivalent 
(MJ unit-1) 

Refer
ence 

A. Inputs    
1. Human 
labor  

h 1.96 [19] 

2. Machinery  h 62.70 [1] 
3. Diesel fuel  L 56.31 [5] 
4. Chemical 
fertilizers  

kg   

(a) Nitrogen   66.14 [23] 
(b) Phosphate   12.44 [20] 
(c) Potassium   11.15 [29] 
5. Pesticides  kg   
(a) Insecticide   199.00 [25] 
B. Output    
Peach  kg 1.90 [16], 

[31] 
 
Energy analysis. When analyzing the energy 

use, the energy inputs and energy equivalent of 
output were used for the peach production in the 
research area. Pesticides, diesel fuel, chemical 
fertilizers, human labor and machinery were the 
energy inputs, while energy output was the 
production of peach fruit. The energy equivalent of  
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TABLE 2 
Basic characteristics of sample farms 

 
Variables Mean Standard deviation 

 
Age of the operators (years) 56.49 11.42 
Experience of the operator (years) 26.93 14.75 
Education level of operator (years) 6.28 4.08 
Family size (person) 6.26 2.38 
Farm characteristics 
Farm land (ha) 5.26 3.11 
Size of peach orchards (ha) 2.57 1.92 
The ratio of peach orchards to farmland 0.49 0.29 
Number of trees (tree/ha) 429.32 314.14 
Peach production (kg/ha) 10940.53 9380.89 
Fixed assets ($/ha) 17381.24 10350.92 
Working capital ($/ha) 962.59 546.37 
Total assets ($/ha) 18343.83 10923.67 
The age of tractor (years) 13.21 12.50 
Power of tractor (HP) 42.63 26.77 
Total value of machinery ($/ha) 4216.37 2276.84 

 
inputs and peach used to calculate the energy value 
in Mega Joule (MJ) are depicted in Table 1. Based 
on the calculated energy equivalents given in Table 
1, the energy use efficiency (Eq. 1), energy 
productivity (Eq. 2), the specific energy (Eq. 3), the 
net energy gain (Eq. 4) and energy intensiveness 
(Eq. 5) were calculated using the following 
equations [22], [24], [27], [31], [38].  

.. .1 

. .2 

...Eq.3 

. .4 

......Eq.5 

where, Er was energy use efficiency; Eo was 
energy equivalent of output (MJ ha-1); EI was 
energy equivalent of inputs (MJ ha-1); Ep was 
energy productivity (kg MJ-1); Op was output 
production (kg ha-1); Se was specific energy (MJ kg-

1); Po was peach production (kg ha-1); Ne was net 
energy (MJ ha-1); Ei was energy intensiveness (MJ 
$-1) and Tpc was total production cost ($ ha-1). 

 
Data. Research data was gathered from 

farmers growing peaches in Samsun. A well-
structured questionnaire was administered to the 
peach producers to collect farm level data. Forty-
three farms were selected by using a random  
 
sampling procedure with 10% of the precision level 
and 95% of the confidence interval based on the 

peach orchard size criteria to obtain resource use 
and production data for the 2012-2013 production 
period. We performed the pilot study in the research 
area and revised the questions into the questionnaire 

of measurement results to the actual value. 
Cronbach alpha was used to test internal 

.  
Energy equivalents of fuel consumption (MJ 

ha-1), human labor (MJ ha-1), machinery (MJ ha-1) 
and fertilizer (MJ ha-1) were included in the 
estimation of the frontier production function. In the 
second stage of the energy efficiency analysis, 8 
different explanatory variables such as schooling, 
experience of the operators, the ratio of peach 
orchards to farmland, total assets, working capital, 
the number of plots, family size, and number of 
trees included in the inefficiency effect model. 

The experience variable in years included in 
the inefficiency model served to test the hypothesis 
that younger farmers were more receptive to energy  
efficiency. Since low level of education and large 
family size were potential sources of energy 
inefficiency, the variables of schooling (years) and 
family size (persons) were included as explanatory 
variables. The ratio of peach orchards to farmland 
was included to show the effects of specialization in 
peach production on energy inefficiency. The total 
assets and working capital per hectare variables 
were used to test the hypothesis that farmers who 
have smaller assets and working capital were 
inefficient when using energy in peach production. 
The variables of the number of plots and trees were  
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TABLE 3 
Amounts of inputs, outputs and their energy equivalences in peach production 

 
Inputs/output 
A. Inputs 

Quantity per unit area (ha) Energy equivalent 
(MJ unit-1) 

% 

1. Human labor (h) 1282.75 (782.40) 2514.19 (1558.72) 13.79 
Labor for weed control 113.70 (88.50) 222.85 (131.48) 1.22 
Labor for maintenance and care 536.10 (300.30) 1050.76 (630.45) 5.76 
Labor for fertilizing 79.43 (63.10) 155.68 (90.92) 0.10 
Labor for spraying 95.70 (78.50) 187.57 (112.54) 1.03 
Labor for harvest including transportation 457.82 (263.81) 897.33 (520.45) 5.68 
2. Machinery (h) 16.86 (9.86) 1057.12 (807.27) 5.80 
Machinery use for soil preparation 3.07 (1.84) 192.49 (103.94) 1.06 
Machinery use for weed control 0.02 (0.01) 1.25 (0.78) 0.00 
Machinery use for fertilizing 1.55 (0.87) 97.19 (58.80) 0.53 
Machinery use for spraying 6.75 (4.19) 423.23 (249.70) 2.32 
Machinery use for transportation 5.47 (3.24) 342.96 (195.49) 1.89 
3. Diesel fuel (L) 97.99 (29.45) 5518.09 (3820.87) 30.28 
4. Chemical fertilizers (kg) 154.06 (93.97) 4152.00 (2366.64) 22.78 
(a) Nitrogen 43.35 (28.37) 2867.17 (1662.96) 15.73 
(b) Phosphate 82.30 (90.97) 1023.81 (624.53) 5.62 
(c) Potassium 23.41 (24.95) 261.02 (151.39) 1.43 
5. Pesticides (kg) 25.05 (21.78) 4984.95 (2649.74) 27.35 
The total energy input (MJ)  18226.35 (10753.52) 100.00 
B. Output    
Peach 10940.53 (9380.89) 20656.31 (9130.25)  

   *The figures in parenthesis are standard deviations 
 
put into the model to explore the relationship 
between energy use inefficiency, plot number and 
tree intensity. 

Some descriptive characteristics of sample 
farms are depicted in Table 2. It is evident that 
sample farms were small in terms of output and 
total area farmed. Peach producers had average age 
of 56 years old in the research area. Their 
experience in peach production was vast, while 
their education level was moderate. The mean 
family size was 6.26, with standard deviation of 
2.38 people. Sample peach farms averaged 
approximately 5.26 ha. The peach producers 
allocated 49% of their farmland to peach 
production, on average. They produced 
approximately 11 tons of peach by using $17,381 of 
fixed assets and $963 of working capital per 
hectare. The mechanization level was unsatisfactory 
in the research area. The peach producers had 
tractors that were approximately 13 years old and 
43 HP. They invested $4,216 per hectare to 
machinery (Table 2). 

 
 

RESULTS AND DISCUSSION 

An analysis of input output energy use in 
peach production. Research results showed that 
sample peach producers used 43.35 kg nitrogen, 
82.30 kg phosphorus, 23.41 kg potassium, 97.99 l  

 
diesel fuel, 25.05 kg pesticides, 1282.75 h human 
labor and 16.86 h machinery to produce 
approximately 11 tons of peach per hectare in the 
research area. Sample peach producers obtained 
20894.93 MJ energy output per hectare by 
producing approximately 11 tons of peach (Table 
3). In the research area, peach production required 
37536.96 MJ per hectare of total energy input. 
Diesel fuel had the highest share in total energy 
input. Pesticides, chemical fertilizer and human 
labor followed it, respectively. The lowest share of 
total energy input pertained to machinery (Table 3). 

The share of energy inputs associated with the 
direct, indirect, renewable and non-renewable forms 
in peach production are presented in Table 4. The 
share of direct input energy was 44% of the total 
energy input and higher than that of indirect energy. 
The research revealed that non-renewable energy 
resources constituted 86% of total energy input 
used in peach production and this was larger than 
the share of renewable energy resources (14%). 
These research findings confirmed the results of 
previous research such as [21], [25], [31] and [33]. 
These researches suggested that not only was the 
share of indirect energy higher compared to direct 
energy, but also the share of renewable energy was 
less than that of non-renewable energy in 
production of different agricultural and horticultural  
crops. It was also clear from the above evidence 
that the share of non-renewable energy use was at 
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an unsatisfactory level in the research area. [24] 
suggested that excessive use of non-renewable 
energy sources in developing countries with low 
levels of technological knowledge was not 
sustainable for healthy agriculture in the long term. 
Similarly, [12] and [18] stated that renewable 
energy sources could serve us indefinitely with 
minimal environmental impacts compared with 
fossil fuels. 
 

TABLE 4 
Basic energy parameters for peach production 

 
Items Quantity % 
Energy use efficiency  1.13 - 
Energy productivity  
(kg MJ-1) 

0.60 - 

Specific energy (MJkg-1) 1.67 - 
Energy intensity e  
(MJ $-1) 

1.73 - 

Net energy gain (MJ ha-1) 2429.96 - 
Total energy consumption  
(MJ ha-1) 

18226.35 100.00 

Direct energy a (MJ ha-1) 8032.28 44.07 
Indirect energy b (MJ ha-1) 10194.15 55.93 
Renewable energy c  
(MJ ha-1) 

2514.19 13.79 

Non-renewable energy d 
(MJ ha-1)  

15712.24 86.21 

a Includes human labor, diesel fuel. b Includes 
chemical fertilizers, pesticides, machinery.  
c Includes human labor. d Includes chemical 
fertilizers, pesticides, diesel fuel, machinery. e Total 
production cost of peach production per hectare and 
per kilogram were $10583.86 and $0.97, 
respectively.  
 

Energy analysis showed that the energy 
productivity, specific energy, energy intensiveness 
and net energy of peach production were 0.60 kg 
MJ-1, 1.67 MJ kg-1, 1.73 MJ $-1 and 2429.96 MJ ha-

1, respectively (Table 4). The research findings 
related to energy productivity were higher than the 
figures (0.29) reported by [31] in Iran. In the 
research area, net energy was positive, designating 
a satisfactory level of efficiency in peach 
production. This finding was not confirmed by 
figures (-16642.03 MJ ha-1) reported by [31] in Iran. 
Specific energy value indicated that 1.67 MJ energy 
was required per kg of peach, on average. In 
previous studies the specific energy for some 
agricultural crops were reported as 3.41, 6.36 8.27 
and 12.52 MJ kg-1 for peach, hazelnut, canola and 
sunflower production, respectively [31], [24], [34]. 
Regarding the energy intensiveness, the figures 
calculated for the research area were smaller than 
that of [25] which was 1.82. 

Based on the results of the representative 
overall energy calculation using the mean value, the 

energy use efficiency in peach production 
was 1.13, indicating that the output energy was 
greater than energy inputs. This finding confirmed 
the results of [15] and did not confirm the figures 
reported by [31]. [15] reported that the energy use 
efficiency ratio was 1.52 in Isparta province of 
Turkey, while that of [31] was 0.55. Some previous 
research reported the energy use efficiency as 2.8 
for wheat, 4.8 for cotton, 3.8 for maize, 1.5 for 
sesame [8] 2.86 for barley [19], 3.02 for canola [23] 
and 0.51 for pear [37]. However, the farm level 
energy efficiency analysis showed different results. 
Energy efficiency scores, which varied from 0 to 1, 
of farms differed associated with the characteristics 
of farms and farmers. Based on the results of the 
stochastic frontier model, the score for farm level 
energy efficiency was 0.951, on average, with 
standard deviation of 0.057. This indicates that the 
average energy equivalent of output of peach farms 
in Samsun could increase by 5% under current 
technology. In the research area, 10 farms were 
fully efficient in terms of energy use in peach 
production, while 53% of the sample peach 
producers had smaller energy efficiency score 
(0.864). The rest were the energy efficient farms 
(0.989). When focusing on the energy use 
efficiency ratio, which was calculated by dividing 
output energy to input energy, the energy inefficient 
farms had the smallest figure (0.78), indicating the 
inefficient use of energy in peach production. It was 
concluded that the energy ratio could be increased 
by enhancing the productivity or by reducing 
energy input consumption. However, the case for 
fully energy efficient and energy efficient farms 
were inverse. The energy use efficiency ratio for 
fully energy efficient and energy efficient farms 
were 1.94 and 1.26, respectively. These figures 
were evidence that efficient use of energy in peach 
production was the case for fully energy efficient 
and energy efficient farms (Table 5). 

 
Farm level determinants of energy use 

efficiency. Parameter estimates for the stochastic 
frontier model are given in Table 6. The estimated 
values for the variance parameters were significant 
and indicated that energy efficiency had an impact 
on the equivalent energy of peach production. The 
variance parameter of the model ( ) was 

significantly different from zero at the 5% level. 
The ratio of standard errors was close to 1, 
indicating that inefficiency exists.  

The variables of diesel and human labor 
confirmed the expected positive relationship 
between diesel, human labor and equivalent energy 
of output, while that of the variables of fertilizer 
and machinery had negative values. Machinery and 
human labor had the greatest elasticity. The 
variables of diesel and fertilizer followed them. The 
sum of the elasticity was 1.16, which indicated that  
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TABLE 5 
The distribution of the energy use efficiency ratio of sample farms 

 
Energy efficiency level Energy efficiency 

scores* 
Number of 
farms 

% Energy use 
efficiency 
ratio** 

Fully efficient farms (e=1) 1.000 8   18.60 1.94 
Efficient farms (0.95<e<1) 0.989 12   27.92 1.26 
Inefficient farms (e<0.95) 0.864 23   53.48 0.78 
Total 0.951 43 100.00  

* They were elicited from stochastic frontier model. **They were calculated by dividing output energy by input 
energy.  

TABLE 6 
Parameters of energy inefficiency model 

 
Variables Parameters Standard error t- value 
Production function     
Constant 0.36 0.10 3.6*** 
Ln (Diesel)  0.76 0.56 1.36* 
Ln (Fertilizer) -0.51 0.57 -0.89 
Ln (Labor) 1.69 0.61 2.77*** 
Ln (Machinery) -0.78 0.24 -3.25*** 
 
Sum of elasticity of inputs 

 
 1.16 

  

       F statistics CRTSa  3.34**   
 
 Variance parameters 

   

2  1396.22 1.01 1382.39*** 

    0.105 0.02 5.25*** 
Log likelihood  562.35 4.02 139.89*** 
Inefficiency effects    
Constant 0.04 1.02 0.04 
Schooling -0.10 0.07 -1.43* 
Experience of farmers -0.33 2.97 -1.75** 
Peach orchards/farmland -0.83 0.57 1.46* 
Total asset 0.08 0.01 0.41 
Working capital             4.65 2.28 -2.04** 
Number of the plot 0.14 0.01 14.01*** 
Number of trees 1.01 9.82 0.10 
Family size       -0.03 0.17 -0.01 

aCRTS= constant return to size. *, **, ***: significance at the 10%, 5% and %1 level, respectively. 
 
return to scale was increasing. Based on the results 
of the restricted least squares regression, the initial 
hypothesis of constant return to scale was rejected 
(F=3.34, p<0.05) (Table 6). 

Based on the results of the inefficiency model, 
all exogenous variables, with the exception of 
family size, total assets and the number of trees had 
a statistically significant coefficient. Most of the 
signs related to energy use efficiency determinants 
were as expected. The variables of schooling, 
experience, the ratio of peach orchards to farmland 
and family size negatively influenced energy 
inefficiency, while total assets, working capital, 
number of trees and number of plots showed a 
positive relationship with energy inefficiency 
(Table 6).  

 
The negative estimate for the experience of  

peach producers implied that the number of years in 
peach farming led to better managerial skills being 
acquired over the years. This suggested that the 
peach farming is highly dependent on the 
experience of peach producers. The schooling 
variable negatively affected energy inefficiency, 
supporting the hypothesis of [35], that education 
increases the ability to perceive, interpret and 

managerial skills, including efficient use of 
agricultural inputs. Another variable that negatively 
affected the energy inefficiency was the ratio of 
peach orchards to farmland and it implied that 
increasing specialization in peach production 
enhanced the energy use efficiency of the examined 



© by PSP  Volume 25  No. 11/2016, pages 4685-4693  Fresenius Environmental Bulletin  

4691 

producers. While the variable of family size had 
statistically insignificant effect on energy 
inefficiency, larger families were more energy 
efficient than small ones. 

Working capital had a positive effect on 
energy inefficiency, indicating that increasing 
working capital led to increases in the energy input 
use. Similarly, the number of plots positively 
influenced the energy inefficiency, reflecting that 
producing peach with lesser number of plots was 
better. While the variables of total asset and number 
of trees had statistically insignificant effect on 
energy inefficiency; having more assets and more 
trees in the peach orchards were more energy  
inefficient than the inverse (Table 6). 

 
 

CONCLUSIONS 

The study explored the energy forms and 
balance in peach production and determinants of 
energy use efficiency in Samsun province of 
Turkey by using both energy analysis and the 
stochastic production frontier approach. The 
research revealed that the share of non-renewable 
energy resources was more than that of renewable  
energy resources. The energy productivity, specific 
energy, energy intensiveness and net energy of 
peach production were 0.60 kg MJ-1, 1.67 MJ kg-1, 
1.73 MJ $-1 and 2429.96 MJ ha-1, respectively. 
Energy analysis also showed that output energy was 
greater than energy inputs in peach production and 
farm level energy efficiency scores differed 
associated with the characteristics of farms and 
peach producers in the research area. The main 
determinants, which influenced the energy use 
efficiency positively, were schooling, experience, 
the ratio of peach orchards to farmland and family 
size. However, the variables of total assets, working 
capital, number of trees and number of plots 
showed a negative relationship with energy 
efficiency. 

Based on the results, the study proposes 
strategies such as providing better extension 
services and farmer training programs, enhancing 
the specialization in peach production, decreasing 
number of plots and balancing the working capital 
use together with controlling the distribution of 
total assets in order to increase the energy use 
efficiency in peach production in Samsun province. 

Since the  efficient 
farms was more satisfactory than that of inefficient 
ones, i
extension programs should be provided in the 
research area to improve the energy use efficiency 
of individual farms up to at least the level of the 
best peach producers. Farmer training and extension 
activities are relatively low cost methods of 
achieving increases in energy use efficiency [11]. 

Therefore, future programs for peach 
producers ension should focus on 
human resource development. Focusing on the 
technical side of the peach production, 
consolidation and decreasing peach trees to the 
optimum level and surplus input use in producer 
training and extension programs may also help to 
increase the energy use efficiency in the research 
area. 
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ABSTRACT 
 

Detection and monitoring of the LULC 
(landuse/landcover) characteristics are among the 
most important practices to be carried out for the 
preservation of limited natural resources to achieve 
a more influent and sustainable land management. 
Among various techniques based on which LULC 
is classified, the most commonly used method is the 
CORINE (Coordination of Information on the 
Environment). This specific system, which has been 
in use across the EU (European Union) countries, 
has lately been adopted also by Turkey, which 
progressed notably towards becoming an EU 
member in recent years. The most important 
characteristic of the CORINE is that the GIS 
(Geographic Information Systems) and RS (Remote 
Sensing) techniques are used during its application 
to detect the changes that occurred at LULC classes 
in Tekirdag province, which were specified 
according to the CORINE. In this study, we 
examined changes that occurred in the last 15 years 
(2000-2015), along with their causes and effects. 
Study materials that consist of topographic maps 
and Landsat satellite images were evaluated with 
supervised classification technique using the 
maximum likelihood approach and were analyzed 
using post classification change detection method. 
It was ultimately found that Tekirdag province has 
passed through a significant rate of LULC changes 
in the last 15 years. In Tekirdag province where 
changes occurred on 114.7 km² area, it was found 
out that the most obvious change was experienced 
between the continuous urban fabric and 
discontinuous urban fabric classes.  
 
 
KEYWORDS: 
LULC, CORINE, Post classification change detection 
method, GIS, RS, Tekirdag. 
 
 
 
 
 

INTRODUCTION 
 
LULC (Landuse/Landcover) earned a more 

complex and multidimensional meaning in the last 
century, entering into an arduous cycle that will 
cause harm to the lives of all living beings [1]. 
Developed countries, which have come to notice 
this, proceeded to make new LULC classifications, 
which bear specific standards, including striving to 
eliminate or at least reduce the problematic aspects 
of the issue to minimum.  As a result, on-land 
practices, usage types, and direction of the changes 
could be evaluated more easily. In this context, the 
most commonly used method is the CORINE 
(Coordination of Information on the Environment). 

CORINE (Coordination of Information on the 
Environment) is a system that has been in use 
throughout the EU (European Union) since the mid-
80s to detect the LC/LU, covering each of the 
member countries for a specific period [2]. 
CORINE, the use of which is mandatory in EU 
member countries, has been designed to address 
fundamental purposes, such as creating an overall 
land usage map that covers the entire EU area, 
generating a standard database and determining 
environmental policies [3-4]. 

Turkey has been taking major steps toward 
EU membership to achieve the currently 
acknowledged standards of the Union. As a result, 
Turkey needs to classify its lands according to the 
CORINE, repeat it on a regular basis, and monitor 
the temporal changes on the land. Moreover, it is 
also essential to take advantage of the GIS 
(Geographic Information Systems) and RS (Remote 
Sensing) techniques when applying the system. 

CORINE has been applied in various countries 
of Europe [5-6-7-8-9] around the World and in the 
vicinity of Mersin [10], Isparta [3], Çanakkale [4-
11], Tr
Turkey. In most previous studies however, an 
LULC classification was made according to the 
CORINE classes, but no effort was exerted to 
monitor the changes. This absence rendered it 
impossible to compare the past and the present  
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FIGURE 1 
Location map of Tekirdag province 

 
regarding the LULC characteristics and make a 
prediction for the future.  

This study aimed to detect the changes that 
occurred in the LULC classes of Tekirdag province, 
which were specified according to the CORINE. 
Throughout the study, which was conducted using 
GIS and RS, changes that occurred throughout the 
last 15 years (2000-2015), along with their causes 
and effects, were examined. Answers to three 
fundamental questions were sought in this context 
focusing on the (1) detection of the changes that 
occurred at the LULC features of Tekirdag 
province between the years 2000-2015); (2) 
elicitation of causes and effects of these changes; 
and (3) determination of predictions for the future. 
This study, which applied the CORINE within the 
administrative borders, is of particular importance 
because of the support it procures to regional 
projections and national and international 
monitoring systems. 
 

 
MATERIALS AND METHODS 

 
Description of the study area. The study area 

is Tekirdag province which situated on the Thracian 
Peninsula in northwestern Turkey (coordinates: N 
40° 32' - 41° 34' and E 26° 37' - 28° 11'). 

west, Çanakkale in the southwest, and Istanbul in 
the east, the provincial land is surrounded by the 
Sea of Marmara from the south and the Black Sea 
from the northeast (Figure 1). 

The provincial land, which consists mainly of 
rocks of Strandjha Massive origin, also contains 
various rock groups from different eras. The 
tectonic formation of the field came into being via 
North Anatolian Fault and its extensions that are 
present in this area. The highest spot of the 
province where miscellaneous landforms are 
defined is Ganos Mountain (924 m) while its lowest 
spot is the sea level. In general, the provincial land 
is dissected by streams, and it has a southward-
sloping tableland characteristic [14]. Well-
developed bottomlands are also deposited in the 
coastal parts of the province and valley bottoms of 
the streams. Four different climate types, Black Sea 
Climate, Mediterranean Climate, Continental 
Climate, and Marmara Transition Climate can be 
identified in Tekirdag although not all of them 
completely display their characteristic features [15]. 
The most prominent stream of Tekirdag province is 
Ergene River, which flows through the north of the 
provincial land. Other significant streams are 

rivers [16]. From the provincial borders that contain 
samples from artificial lakes, water is obtained 
primarily for irrigation but also for drinking and 
utility. In light of the information obtained by 
earthworks and land surveys conducted across 
Tekirdag province, 6 soil orders were identified 
according to the Soil Taxonomy. These were 
Entisols, Alfisols, Inceptisols, Mollisols, Vertisols, 
and Andisols [17]. Dependent on the prominent 
climate type, the natural vegetation cover is arid 
forest in the inner area, sub-humid forest in the  
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TABLE 1 
Tekirdag land presence and distribution of the cultivated agricultural lands in 2014 [20] 

 

Usage 
Area 

Usage 
Area 

Da % da % 
Cultivated Agricultural Land 3.714.330 58.84 Arable Field 3.627.805 96.49 
Pastures 325.824 5.16 Vineyards 37.420 1.00 
Forestland 1.042.535 16.51 Vegetable Garden 33.398 0.89 
Non-Agricultural Land 1.230.311 19.49 Olive Groves 40.167 1.07 

Total 6.313.000 100.00 
Orchard (Other) 21.008 0.56 

Total 3.759.798 100.00 
 
 
coastal areas, and humid forest in the 

highlands [18].  
Today (2014), with its population of 906.732 

people [19], Tekirdag province is an administrative 
structure with metropolitan status. This 
administrative center consists of 11 districts, 
Suleymanpasa being the central district. In terms of 
land presence, cultivated agricultural lands cover 
the largest area (58.84%) in the province. This 
indicates that more than half of the province is 
arable land and used for the ongoing agricultural 
activity. Almost the entire agricultural land 
(96.49%) comprises cultivated arable land, mostly 
vineyards, and olive groves. Furthermore, 19.49% 
of the provincial land consists of the non-
agricultural fields that are used as residential areas. 
Forestlands, which usually cover mountainous 
terrains, account for 16.51% of the present land. 
Grass and pasture areas, which are intensely 
exposed to animal husbandry, constitute the 
smallest part of the provincial land (Table 1). 

In terms of the cultivation of field crops, more 
than half of the agricultural lands in Tekirdag 
province are used for the production of various 
cereals. Mostly produced cereals are wheat, barley, 
oat, and paddy. In fact, in 2014, 22.165.375 kg of 
wheat, 4.126.375 kg of barley, 327.960 kg of oat, 
and 1.041.080 kg of paddy seeds were procured 
within the scope of contract from a total of 21 seed 
producers and 224 farmers in the province, 
accounting for a significant share in seed 

production. It has even been recorded that with a 
rate of 3.88%, the province ranks the 5th in seed 
production in Turkey [20]. Oleaginous seed plant 
production follows the cereals. In almost all of the 
remaining field crop production lines of Tekirdag 
province, oleaginous seed plants are grown 
following the cereal production line. In terms of 
agricultural production, Tekirdag province ranks 
the 2nd in oilseed sunflower production in Turkey, 
with a share of 17.62% while it takes the 1st place 
in canola production, with 63.07% [20]. In the 

forage plant farming dominates, with olive and 
walnut cultivation. 

 
Materials and method. GIS and RS 

techniques were adopted in this study. 1/25.000 
scale topography maps of the General Command of 
Mapping and Landsat satellite images were used as 
basic materials. The image analyses were made 
through the ArcGIS 10.3 and Erdas Image 9.2 
software. 

In the prior stage of the study, the topography 
maps were used to prepare the basic map data 
(borders, residential areas, etc.) of Tekirdag 
province. The Landsat Enhanced Thematic Mapper 
Plus (ETM+) satellite images (Resolution: 30 m) of 
years 2000 (25.07.2000) and 2015 (24.05.2015) 
were then radiometrically and geometrically 
corrected (Figure 2). 

 
 

 
TABLE 2  

Cultivation areas and field crop production line rates in Tekirdag province in 2014 [20] 
 

Product Name Total Cultivation (da ) Ratio (%) 
Cereals 1.915.290 52.79 
Oily Seeds 1.551.349 42.76 
Forage Plants 140.413 3.87 
Tuber Plants 17.689 0.49 
Legumes 1.702 0.05 
Cash Crop 1.362 0.04 

Total 3.627.805 100.00 
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FIGURE 2 
Satellite images used in the study 

 
 
Radiometric correction was implemented with 

relative correction method (NASA-CPF algorithm) 
while geometric correction was carried out, as the 
coordinates of each of the pixels in the image were 
defined in accordance with the ground control 
points (rectification).  Rectification process was 
executed with the manual transfer of defined 
ground control points coordinates from topography 
maps [4]. 

The initial step in the course of the 
classification of satellite images was to distinguish 
the LULC classes in the field using 1/25.000 scale 
topography maps to increase the quality of the 
study and to obtain a basic map with high usability 
[21-13]. Supervised classification technique and 
maximum likelihood approach were used to 
evaluate the satellite images, as supervised 
classification technique has been reported to be a 
more applicable for making LULC maps [21]. 
Accuracy analysis was conducted to detect and 
control classes. In this stage, spectrum features, 
current GPS data, land observations, available maps, 
and satellite images were utilized.   

For accuracy analysis, 256 points selected 
randomly by the Accuracy Assessment function of 
Erdas Imagine (Version: 9.2) software were used 
(Figure 3). Each of these points was checked 
through particular comparisons conducted over the 
classified image and reference data. As a result, 29 
different Level 3 CORINE classes, the general 
accuracy rate of over 80% and kappa coefficients 
over 0.80 were determined. Indeed, similar 
applications have determined that a classification 
that takes the general accuracy rate to be over 80% 
and kappa coefficients over 0.8 will be accurate and 
reliable; therefore, the study that includes this 
classification is likely to be successful [22-23-24]. 
Furthermore, an analysis of the LULC classes was 

cl
the progress course of the alteration over the 2000-
2015 period. This method is indeed a very 
functional and commonly used technique in 
determining the direction of the changes that 
occurred at LULC classes in time [24-25-26]. 

 
 

 
 

FIGURE 3 
Control points randomly selected from the study 

area 
 
RESULTS 

 
2000-2015 CORINE Classes. The 

classification technique of CORINE system is 
based on three land use levels. There are 5 land use 
types at the first level, 15 at the second, and 44 at 
the third level [27]. In Tekirdag province with 
CORINE classes from both 2000 and 2015, 29 third 
level land use categories were detected for both 
years (Table 3). 
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TABLE 3 
CORINE land classes detected in Tekirdag province and spatial distribution of these classes in the years 

2000 and 2015 
 

CORINE LAND CLASS AND CODES 
YEARS 

2000 2015 

1st level 2nd level 3rd level km² % km² % 

1. Artificial 
surfaces 

1.1. Urban 
fabric 

1.1.1. Continuous urban fabric 0.3 0.004 39.8 0.6 

1.1.2. Discontinuous urban fabric 155.4 2.5 126.1 2.0 

1.2. Industrial, 
commercial and 
transport units 

1.2.1. Industrial or commercial units 62.3 1.0 76.4 1.2 

1.2.2. Road and rail networks and associated land 10.0 0.2 12.9 0.2 

1.2.3. Port areas 0.9 0.01 2.8 0.04 

1.2.4. Airports 4.9 0.1 4.9 0.1 

1.3. Mine, dump 
and construction 
sites 

1.3.1. Mineral extraction sites 13.7 0.2 29.2 0.5 

1.3.2. Dump sites 0.4 0.006 0.9 0.01 

1.3.3. Construction sites 4.6 0.1 4.0 0.1 

1.4. Artificial, 
non-agricultural 
vegetated areas 

1.4.1. Green urban areas 0.4 0.006 0.3 0.005 

1.4.2. Sport and leisure facilities 16.9 0.3 17.5 0.3 

2. 
Agricultural 
areas 

2.1. Arable land 

2.1.1. Non-irrigated arable land 3283.6 53.1 3259.8 52.7 

2.1.2. Permanently irrigated land 551.0 8.9 559.3 9.0 

2.1.3. Rice fields 44.5 0.7 52.1 0.8 

2.2. Permanent 
crops 

2.2.1. Vineyards 32.3 0.5 29.3 0.5 

2.2.2. Fruit trees and beryy plantations 2.2 0.03 2.2 0.03 

2.2.3. Olive groves 4.0 0.1 6.7 0.1 

2.3. Pastures 2.3.1. Pastures 262.7 4.3 259.5 4.2 

2.4. 
Heterogeneous 
agricultural 
areas 

2.4.2. Complex cultuvation patterns 242.1 3.9 224.6 3.6 

2.4.3. Land principally occupied by agriculture, with 
significant areas of natural vegetation 

322.9 5.2 315.3 5.1 

3. Forests 
and semi 
natural areas 

3.1. Forests 

3.1.1. Broad-leaved forests 516.0 8.4 515.3 8.3 

3.1.2. Coniferous forests 92.5 1.5 92.4 1.5 

3.1.3. Mixed forests 107.5 1.7 107.7 1.7 

3.2. Scrub 
and/or 
herbaceous 
vegetation 
associations 

3.2.1. Natural grasslands 28.8 0.5 27.5 0.4 

3.2.3. Sclerophyllous vegetation 5.5 0.1 5.6 0.1 

3.2.4. Transitional woodland-shurb 359.7 5.8 356.9 5.8 

3.3. Open 
spaces with little 
or no vegetation 

3.3.1. Beaches, dunes, sands 0.6 0.01 0.6 0.01 

3.3.3. Sparsely vegetated areas 25.6 0.4 25.9 0.4 

4. 
Weetlands 

4.1. Inland 
wetlands 

4.1.1. Inland marshes 1.1  0.018 0.8 0.013 

5. Water 
bodies 

5.1. Inland 
waters 

5.1.2. Water bodies 26.5 0.4 37.1 0.6 

TOTAL 6178.5 100 6193.3 100 

Accordingly, this implies that the most 
-

at almost all parts of the provincial territory (Figure 
4; 5), various cereal types are grown, although their 
shares differ from year to year. However, recently, 
the expanse of this particular CORINE class has 
reduced, though slightly. As a matter of fact, the 

area coverage of dry farming fields had a ratio of 
53.1% in 2000, and this reduced to 52.7% in 2015 
(Table 3). This reduction must have derived from 
the construction of water masses, namely dams and 
ponds, across the province as well as the increase of 
irrigable lands. In fact, water masses increased from 
0.4% to 0.6% through the mentioned years (Table 
3). Furthermore, a 0.1% growth was explored at the  
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FIGURE 4 
The CORINE classes and codes distribution map in 2000 

 
 

irrigated farming lands and rice fields (Table 3). 
The acceleration of the increase in water masses in 
irrigable lands that is accompanied by the 
construction of dams and ponds is under the 
indirect influence of these masses. This was also 
confirmed in previous studies on water resources 
[28] and agricultural activities [20] in the region. 

In terms of width, Permanently Irrigated 
Lands rank the second across the provincial 
territory. Indeed, these lands remained superior 
both in 2000 (8.9%) and 2015 (9.0%) with the area 
they cover (Table 3). The extent of the irrigated 
lands in which changes occurred in time leastwise 
has increased over time. These lands, in which 
various vegetables are grown as well, are evaluated 
in terms of the 1st class lands, and they are mostly 
irrigated through dams and ponds.  

The broad-leaved forest class also covers a 
notable place in terms of dimension across the 
research area (Table 3). These forests, which show 
deployment at the high, mountainous parts of the 
provincial territory, notably at Ganos Mountain, are 
mainly under the sovereignty of Quercus petraea 
plant. Some other oak species, such as Quercus 
frainetto), Quercus cerris, and Quercus infectoria 
are also present, relatively in smaller populations. 

Other identified plant kinds are Carpinus betulus, 
Tilia tomentosa, Castanea sativa and Fagus 
orientalis [18-29-30]. However, broad-leaved 
forests slightly shrank throughout the subject area, 
from 8.4% share in 2000 to 8.3% in 2015 (Table 3). 
The relevant fields available to mining activities 
played a significant role in this reduction trend. The 
broad-leaved forest territory in the northeast of 
Saray town, for instance, was demolished to enable 
quartz sand and coal drawing activities, both of 
which are used at various industries [31]. 

Transitional Woodlands, which are defined as 

represent either newly afforested fields or fields 
where woodlands were exposed to deterioration [4-
32] constitute 5.8% of the research area (Table 3). 
No change in the coverage rate of these fields was 
detected throughout the subject term. 
Corresponding to the re-afforested parts of woods 
and coppice forests where regular logging takes 
place, transitional woodlands show deployment at 
various fields, most intensely at the foothills of the 
mountainous parts of the provincial territory.   
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FIGURE 5 

 The CORINE classes and codes distribution map in 2015 
 
The agricultural areas that exist side by side 

with the natural vegetation represent the places, 
which used to be covered with the natural 
vegetation before being converted to cultivated 
lands [27]. Lands on which natural vegetation has 
been recklessly destroyed to open space for 
agricultural activities fall in this category. In fact, 

-
main reason for forest destruction at this territory. It 
has been emphasized in this context that the scarce 
presence of trees and coppice, which can still be 
observed in deteriorated woodlands, indicates that 
the forests did in fact exist there until recently [33]. 
In the meantime, the Ministry of Forestry and 
Water Affairs conducted a significant amount of 
forestation work in various areas in recent years, 
notably at illegally used agriculture lands and 
pastures, subsequent to the examinations carried out 
across the region [34]. Indeed, the decrease trend of 
dry farming lands and pastures between 2000 and 
2015 results from this reason, too. 

Pastures, used primarily for grazing, consist of 
fields covered with an intense layer of grass. 
Pastures are not involved in a rotation system and 
are subjected to floods during certain times of the 
year [27]. Pastures at the research area decreased by 
0.1% between 2000 (4.3%) and 2015 (4.2%). This 
decreased growth occurred either due to the 
forestation activities conducted in convenient 
places of the relevant fields or due to the functional 
change in animal husbandry activities in the 

territory. Especially the conventional animal 
husbandry, which used to be prevalent across the 
region, has been gradually replaced by intensive 
stock farming, which reduced the importance of 

their old popularity and to ensure better 
management of these fields [20]. 

of arable lands and small pastures in which both 
permanent and annual crops are grown [27]. On the 
other hand, this class also includes specific type of 
places, which are distinguished not by the crops 
they inhabit, but by their special reflection 
characteristics, which are situated in one single 
field [4-32]. Complex cultivation areas, which are 
prevalent at the coastline between Gaziköy-Sarköy 
on the south foothills of Ganos Mountain and at the 
southeast of Corlu, also show deployment around 
other settlements. These areas declined by 0.3% 
between 2000 (3.9%) and 2015 (3.6%) across the 
research area (Table 3). This change in reduction 
must be related to the relevant class open to 
settlement. Indeed, the settlements that expanded 
towards their surroundings with the urbanization at 
this territory set ground for the lands at its 
periphery to be zoned for construction [35-36]. 

The Discontinuous Urban Fabric class, which 
corresponds to the locations where the majority of 
the land is covered by buildings, consists of 
buildings, roads, artificial spaces, and plant and 
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naked soil fields that have a discontinuous but 
distinct surface. On the other hand, this class also 
includes the settlements located near the town 
center and in rural areas [27]. The main reason of 
reduction of the fields in this class, which 
diminished by 0.5% between 2000 (2.5%) and 2015 
(2.0%) in the research area, is the continuous 
increase of the urban structure (Table 3). Indeed, 
almost all settlements that can be evaluated in city 
category grew throughout the subject area with the 
increase in population and escalated to becoming 
continuous city classes. The 0.6% growth in the 
continuous urban fabric between 2000 (0.004%) 
and 2015 (0.6%) can be interpreted as evidence that 
the relevant condition did actually develop in that 
way (Table 3). Indeed, it has been detected that 
only Tekirdag province grew by 1162 ha between 
2000 and 2014 [30]. 

Fields that belong 
which is made up of broad-leaved and coniferous 

dominantly made up of conifers [27], remained 
steady through 2000  2015 and did not undergo 
any changes. This situation must be the effect of the 
region-wide activities conducted towards 
management and preservation of forestlands. 
Indeed, notable steps have been taken region-wide 
towards forest presence and forest preservation in 
the framework of the Action Plan for Combating 
Erosion, which was conducted by the Ministry of 
Forestry and Water Affairs between the years 2000 
and 2013 [34]. 

The characteristically heterogeneous 

two specific area types, those that completely lack a 
vegetation cover and those in which both buildings 
and vegetation are present. This class showed a 
very slight (0.2%) increasing tendency between 
2000 and 2015 due to industrialization (Table 3). 
Indeed, the quantity and expanse of industrial and 
commercial units showed an important increase in 
Tekirdag province, which overtook the new 

last half century and therefore drew a wide range of 
industrial activities to itself [11]. This situation 
prepared the ground for an immigration, the 
destination of which is Tekirdag, to generate and 
increase significantly. Land misuse emerged and 
fertile agricultural lands were opened to settlements 
or industrial plants [37]. Industrial and commercial 
unit class converged around almost every city 
center, Corlu- -Cerkezköy 
vicinities being major.   

Another CORINE class that falls in scope of 

class contains rice cultivation sites separated by 
straight irrigation canals. These lands are 
periodically exposed to floods [27]. In the research 
area, where the rate of the rice fields increased 
(0.1%) in time thanks to the increase of irrigation 

facilities, rice cultivation is made only in 
Anadere basin near Hayrabolu (Table 3). In these 
fields, which fall into the administrative borders of 
Hayrabolu and Malkara districts, 28.617,50 tons of 
production is made in an area covering 35.575 da. It 
has been recorded that this agricultural activity 
provides an efficiency level of 804 kg/da [20]. 

Representing the fields where grape is grown, 
rs the lands where grape 

vines are planted in the CORINE system [27]. With 
a ratio of 29.08%, these lands are the most 
prominent at agricultural gross output across the 
province (Table 3). From the vineyards, the share 
among the total provincial territory, which is 6% 

21.861,88 tons of grape production was effectuated 
in year 2014 [20]. The main cause of changes in 
this field at which a very slight reduction (3 km²) 
ensued from 2000 through 2015 is the proliferation 
of olive farming across the territory (Table 3). It has 
indeed been detected that a remarkable increase in 
olive production took place in this area over 15 
years under the investigation, as grape production 
decreased [38]. In fact, the extensity of olive groves 
in this territory increased from 2000 (4.0 km²) to 
2015 (6.7 km²) (Table 3). Reasons given for this 
change were the zoning of vineyards around the 
coastline for house constructions, privatization of 
Tekel Distillery, and the turbulence of wine grape 
market as of 2000, which caused the lands of 
relevant establishments to dwindle year by year 
[39].  

activities are conducted. This class also covers the 
places where particular construction materials (such 
as stone quarries and sand quarries) are extracted 
and various other mining practices (limekiln) are 
carried out [27]. Total area occupied by these lands 
expanded by 0.3% throughout this 15 years period 
(Table 3). In a certain part of these quarries, most of 
which are either brick plants or tile factories, stone 
production for construction industry is carried out. 
Meanwhile, in the remaining part, coal (lignite), 
manganese, and quartz sand are extracted [31]. 
Nevertheless, rapid increase of these establishments 
in recent years has caused excessive dust and 
quake, demolishment of forests, destruction of the 
natural landscape, and so on. It has been reported 
by different studies that these activities conducted 
in form of opencast mining constitute the basis of 
many environmental complications, primarily 
visual pollution [40]. These lands are observed 

Corlu, and Saray settlements located northwest of 
Malkara district.  

Natural meadows that show deployment in 
fields where land is rugged and bumpy are actually 
pastures with low fertility that include a vegetation 
cover made up of rocky areas, thorny wild bushes, 
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heath, and shrubbery [27]. Meanwhile it has been 
reported that non-arable fields and pens or natural 
meadows where animals feed from June through 
September can also be counted in this class [4]. 
Natural meadows, which show deployment mainly 
around the foothills of Ganos Mountain in Tekirdag 
province, experienced a 0.1% spatial reduction 
between 2000 and 2015 (Table 3). This reduction is 
related to the clearance of meadowlands in the 
territory for cultivation. A similar condition applies 
to pasture lands as well.   

In Tekirdag province, very slight spatial 
changes have come into being at CORINE classes 
coded 3.3.3. (Sparsely vegetated areas), 1.4.2. 
(Sports and leisure facilities), 1.2.2. (Road and rail 
networks and associated land), 3.2.3. 
(Sclerophyllous vegetation), 1.2.4. (Airports), 1.3.3. 
(Construction sites), 1.2.3. (Port areas), 2.2.2. (Fruit 
trees and berry plantations), 1.3.2. (Dump sites), 
4.1.1. (Inland marshes), 3.3.1. (Beaches, dunes, 
sands), and 1.4.1. (Green urban areas) in the last 15 
years (Table 3). No active changes were 
experienced at these classes, as the intensity of the 
anthropogenic influence operated on those lands 
has been relatively lower. Regarding the issue, [30] 
mentioned that the alteration of natural conditions 
in the relevant lands by rapid population increase 
and land misuse did increase the intensity of the 
anthropogenic influence. 

 
Change the direction of the CORINE 

Classes. The analysis conducted based on change 
direction method revealed that LULC alterations 
came into being on 114.7 km² area in Tekirdag 
province between the years 2000 and 2015 (Table 
4). The most remarkable change occurred on an 
area of 33.07 km² between the continuous urban 
fabric and discontinuous urban fabric classes (Table 
4). This situation is relevant to the migratory 
population increase and proportionally to 
enlargement of settlements [41] states that Tekirdag 

continuous expansion in terms of both physical 
structure and population due to its economic, social, 
and cultural authenticity. Yet, it has also been 
emphasized that the population in the province is 
not distributed coherently and instead, it is 
convened around the cities. In the change direction 
map, it is also seen that the most apparent changes 
intensify around the town centers. 

Another important change occurred in 
the lands, which converted from heterogeneous 
agricultural areas to rice fields covering 8.73 km² 
(Table 4). This change emerged both because of the 
increase of irrigable lands by courtesy of the new 
dams and ponds constructed by the State Hydraulic 
Works and because of the governmental incentives 
aimed at enhancing rice cultivation throughout the 

class, which can be evaluated as an indicator of the 
construction of dams and ponds in the subject term, 
and the data extracted from the report of the 
relevant authority [20], which confirms the 
occurrence of an increase at rice cultivation fields, 
seem to support this fact. 

Moreover, rice fields in certain areas of the 
province were converted to permanently irrigated 
lands (6.21 km²) while permanently irrigated lands 
at some other areas of the province were converted 
to rice fields (4.86 km²) (Table 4).  

Following the conversions of non-irrigated 
arable lands to mineral extraction sites throughout 
the research area, changes took place across a 
remarkable span of land (8.01 km²) (Table 4). 
These transformations, observed mainly around 
Malkara, not only irritated the land usage pattern, 
but also caused serious environmental loss. Indeed, 
a 6.07 km² area of non-irrigated arable lands passed 
through a conversion process and became the 
ground for industrial or commercial plants. A 
similar conversion was determined in 
heterogeneous agricultural areas on 4.69 km² (Table 
4). 

A part of the permanently irrigated lands (4.73 
km²) of the research area was submerged by the 
dams constructed within the subject term (Table 4). 
The most prominent example of this is the Çokal 
dam. With the construction of this water body, 
which began in 1996 and completed in 2013 [42], 
dam water invaded irrigable lands near the stream 
of the dam area. This is also the reason for the 
change observed in permanently irrigated lands. 
Furthermore, land works revealed that another 
amount of land, though being very small in total 
amount, has been subject to submersion due to the 
expansion of the water bodies in places where dams 
and ponds are present. These expansions did not 
occur every year but from time to time. 

 
TABLE 4 

Change analysis results of CORINE land classes in Tekirdag province based on the years 2000 and 2015 
 

CHANGE OF CORINE LAND CLASS AND CODES AREA 

2000 2015 km² % 

1.1.2. Discontinuous urban fabric 1.1.1. Continuous urban fabric 37.94 33.07 

2.4.2. Complex cultuvation patterns 2.1.3. Rice fields 8.73 7.61 

2.1.1. Non-irrigated arable land 1.3.1. Mineral extraction sites 8.01 6.99 
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2.1.3. Rice fields 2.1.2. Permanently irrigated land 6.21 5.41 

2.1.1. Non-irrigated arable land 1.2.1. Industrial or commercial units 6.07 5.29 

2.1.2. Permanently irrigated land 2.1.3. Rice fields 4.86 4.24 

2.1.2. Permanently irrigated land 5.1.2. Water bodies 4.73 4.12 

2.4.2. Complex cultuvation patterns 1.2.1. Industrial or commercial units 4.69 4.09 

2.1.1. Non-irrigated arable land 1.1.2. Discontinuous urban fabric 3.47 3.02 

2.4.2. Complex cultuvation patterns 1.1.2. Discontinuous urban fabric 2.66 2.32 

2.2.1. Vineyards 2.2.3. Olive groves 2.18 1.90 

3.2.4. Transitional woodland-shurb 1.3.1. Mineral extraction sites 1.81 1.58 

2.1.1. Non-irrigated arable land 5.1.2. Water bodies 1.74 1.52 

2.3.1. Pastures 1.3.1. Mineral extraction sites 1.45 1.26 

3.2.1. Natural grasslands 2.1.1. Non-irrigated arable land 1.30 1.13 

2.1.1. Non-irrigated arable land 
1.2.2. Road and rail networks and 
associated land 

1.24 1.08 

2.1.2. Permanently irrigated land 1.3.1. Mineral extraction sites 1.05 0.91 

2.1.2. Permanently irrigated land 1.2.1. Industrial or commercial units 0.98 0.86 

2.4.2. Complex cultuvation patterns 1.1.1. Continuous urban fabric 0.98 0.86 
2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

1.2.1. Industrial or commercial units 0.97 0.85 

1.3.3. Construction sites 1.2.1. Industrial or commercial units 0.95 0.83 

3.1.3. Mixed forests 5.1.2. Water bodies 0.91 0.80 

2.1.1. Non-irrigated arable land 1.4.2. Sport and leisure facilities 0.91 0.79 

1.4.2. Sport and leisure facilities 1.1.2. Discontinuous urban fabric 0.75 0.66 

3.2.4. Transitional woodland-shurb 5.1.2. Water bodies 0.73 0.63 

1.3.3. Construction sites 5.1.2. Water bodies 0.72 0.62 

2.1.2. Permanently irrigated land 1.3.3. Construction sites 0.68 0.59 

3.1.1. Broad-leaved forests 1.3.1. Mineral extraction sites 0.59 0.52 
2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

1.1.2. Discontinuous urban fabric 0.42 0.36 

1.3.3. Construction sites 1.1.2. Discontinuous urban fabric 0.41 0.36 

2.1.1. Non-irrigated arable land 1.1.1. Continuous urban fabric 0.38 0.33 

5.1.2. Water bodies 1.2.3. Port areas 0.38 0.33 

2.1.1. Non-irrigated arable land 1.3.3. Construction sites 0.34 0.29 

2.1.1. Non-irrigated arable land 3.1.2. Coniferous forests 0.33 0.29 

1.4.2. Sport and leisure facilities 
1.2.2. Road and rail networks and 
associated land 

0.33 0.28 

2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

5.1.2. Water bodies 0.30 0.26 

4.1.1. Inland marshes 1.3.1. Mineral extraction sites 0.30 0.26 

2.3.1. Pastures 5.1.2. Water bodies 0.29 0.25 

2.4.2. Complex cultuvation patterns 1.4.2. Sport and leisure facilities 0.29 0.25 

2.1.1. Non-irrigated arable land 2.1.3. Rice fields 0.27 0.23 

2.3.1. Pastures 1.1.2. Discontinuous urban fabric 0.26 0.23 

2.2.1. Vineyards 1.1.2. Discontinuous urban fabric 0.25 0.22 

1.1.2. Discontinuous urban fabric 1.2.1. Industrial or commercial units 0.24 0.21 
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2.4.2. Complex cultuvation patterns 1.3.3. Construction sites 0.24 0.21 
2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

1.3.3. Construction sites 0.21 0.18 

2.3.1. Pastures 1.4.2. Sport and leisure facilities 0.21 0.18 
2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

1.3.1. Mineral extraction sites 0.20 0.18 

3.1.2. Coniferous forests 1.2.1. Industrial or commercial units 0.20 0.17 

2.4.2. Complex cultuvation patterns 
1.2.2. Road and rail networks and 
associated land 

0.18 0.15 

1.2.1. Industrial or commercial units 1.1.2. Discontinuous urban fabric 0.18 0.15 
2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

1.1.1. Continuous urban fabric 0.15 0.13 

3.1.3. Mixed forests 1.3.3. Construction sites 0.12 0.10 

2.4.2. Complex cultuvation patterns 2.1.1. Non-irrigated arable land 0.11 0.10 
2.4.3. Land principally occupied by 
agriculture, with significant areas of natural 
vegetation 

1.2.2. Road and rail networks and 
associated land 

0.09 0.08 

3.1.1. Broad-leaved forests 5.1.2. Water bodies 0.08 0.07 

1.2.1. Industrial or commercial units 
2.4.3. Land principally occupied by 
agriculture, with significant areas of 
natural vegetation 

0.08 0.07 

2.1.2. Permanently irrigated land 1.1.2. Discontinuous urban fabric 0.08 0.07 

1.3.3. Construction sites 1.2.3. Port areas 0.07 0.06 
1.2.2. Road and rail networks and associated 
land 

1.1.1. Continuous urban fabric 0.06 0.05 

2.3.1. Pastures 2.1.1. Non-irrigated arable land 0.05 0.04 

2.4.2. Complex cultuvation patterns 1.3.1. Mineral extraction sites 0.04 0.04 

3.2.4. Transitional woodland-shurb 1.2.1. Industrial or commercial units 0.04 0.04 

2.2.1. Vineyards 1.1.1. Continuous urban fabric 0.04 0.03 

3.1.2. Coniferous forests 5.1.2. Water bodies 0.04 0.03 

3.1.2. Coniferous forests 
1.2.2. Road and rail networks and 
associated land 

0.03 0.03 

2.1.2. Permanently irrigated land 
1.2.2. Road and rail networks and 
associated land 

0.03 0.02 

2.1.1. Non-irrigated arable land 2.1.2. Permanently irrigated land 0.03 0.02 

3.2.4. Transitional woodland-shurb 
2.4.3. Land principally occupied by 
agriculture, with significant areas of 
natural vegetation 

0.02 0.02 

2.3.1. Pastures 1.2.1. Industrial or commercial units 0.02 0.02 

3.2.4. Transitional woodland-shurb 3.1.2. Coniferous forests 0.01 0.01 

3.2.4. Transitional woodland-shurb 2.3.1. Pastures 0.01 0.01 

3.2.1. Natural grasslands 1.3.1. Mineral extraction sites 0.005 0.004 

3.2.4. Transitional woodland-shurb 2.1.1. Non-irrigated arable land 0.004 0.003 

3.1.1. Broad-leaved forests 1.2.1. Industrial or commercial units 0.003 0.003 

3.1.1. Broad-leaved forests 3.2.4. Transitional woodland-shurb 0.002 0.002 

TOTAL 114.7 100 
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Between 2000 and 2015, the discontinuous 
urban fabric class was involved in a transformation 
phase, which included non-irrigated arable lands 
and heterogeneous agricultural areas. Throughout 
this phase of transformation, which came into being 
on 3.47 km² of non-irrigated arable lands and 2.66 
km² of heterogeneous agricultural areas, settlements 
invaded tillage territories (Table 4).  

Almost every CORINE class, regardless of 
whether mentioned above, did go through a change 
over the 15 years investigated in this study. 
Transformations and changes in the research area 
which are not explained above have come into 
being at a rate below 1% (Table 4). 

 
 
DISCUSSION AND CONCLUSIONS 
 

This research suggests that Tekirdag province 
went through significant LULC changes in the last 
15 years (2000-2015). Across the provincial area in 
which 29 different 3rd level CORINE classes were 
identified, the most prevalent land use class is the 

- lass. In 
these fields, found in almost all parts of the 
provincial territory, various cereal types are grown, 
although their shares differ from year to year. 
However, we also found that these lands spatially 
deteriorated because of the expansion of irrigable 
lands caused by the increase of ponds or dams 
constructed across the research area.  

In Tekirdag province, where changes occurred 
on 114.7 km² area, it was determined that the most 
notable change took place between the continuous 
urban fabric and discontinuous urban fabric classes. 
Expansion of the continuous urban fabric 
throughout the province engendered the 
discontinuous urban fabric to enlarge towards its 
periphery. This movement exploited the natural 
environment, especially fertile agricultural lands, in 
an uncontrolled manner. This situation, though it 
may not be discerned immediately, might cause 
harm to various natural factors, primary soil and 
water resources, in near future. 
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ABSTRACT 
 

The objective of this study was to evaluate 
the effects of rosehip extracts on serum thyroid 
stimulating hormone (TSH) and thyroid gland 
activity [free and total triiodothyronine (FT3 and 
TT3) and free and total thyroxine (FT4 and TT4)] 
of common carp which were acutely and sub-
chronically exposed (4 and 30 days) to 5, 10 and 
20 ppm of dosage. According to the experimental 
results, the decrease of serum TSH levels in 5 
ppm group and the increase of serum TSH levels 
in 10 and 20 ppm groups were significant 
(p<0.05) in acute phase when compared to 
control group. In sub-chronic phase, serum TSH 
levels were significantly decreased in 5, 10 and 
20 ppm groups when compared to control group. 
In acute phase, FT3 and TT3 levels were 
significantly (p<0.05) decreased in 10 and 20 
ppm groups and FT4 and TT4 levels were 
significantly (p<0.05) increased when compared 
with the control group. It can be concluded that 
rosehip extracts may have increased the 
metabolic activity in acute phase but decreased 
in sub-chronic phase. 
 
 
KEYWORDS:  
Rosa canina, Cyprinus carpio, TSH, Thyroid hormones. 
 
 
INTRODUCTION 
 

It is lately reported that endocrine organs, 
especially pituitary gland, can be used as 
biomarkers in determining the effect of various 
pollutants [1]. Also belonging to endocrine system, 
these biomarkers can be beneficial in interpreting 

health conditions of fish as well as other 
vertebrates, and in defining the effects of various 
nutrition diets on growth and development in 
aquaculture. Although fish growth depends on the 
control of growth hormones, fish rely on thyroid 
and reproduction hormones for health growth. It is 
reported that Hypothalamic-pituitary thyroid axis 
(HPT) hormones play a vital role of reproduction 
metabolism due to their effects on energy 
metabolism, lipid metabolism, reproduction [2-5] 
and genetic transcription [6, 7]. In their study on 
Oryzias latipes fish species, Tagawa and Hirano 
state that partial depletion of T3 and T4 hormones 
greatly influences incubation, survival and 
developmental features of juvenile fish [8]. Other 
studies suggest that thyroid gland inhibition causes 
larval and juvenile fish not to go through 
metamorphosis [9] and exogenous T3 and T4 
application cause early metamorphosis [10].  

Recently, there are scientific researches 
seeking alternative natural solutions effecting 
animal health and growth in economically 
significant domesticated animals and aquaculture. 
These attempts rather depend on therapeutic and 
edible plants. The members of Rosaceae family 
have been used for food and medical needs 
throughout the world since early ages. They are 
used especially as medicine due to phenolic 
compounds, vitamins, anions, and cations they 
contain [11].  Rosehip, thanks to its polyphenol 
group compounds, is reported to be antioxidant, 
antidiabetic, anti-inflammatory, and effective in 
improving immunity system and lowering 
cholesterol [12-15]. These kinds of studies are 
mostly carried out on mammals as model animals. 
Studies on plant extracts with therapeutic effect on 
this and other kinds of fish are limited.  
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TABLE 1 
The criteria of water used in the experiment 

 

Water Quality 
Criteria 

Experimental Groups 

Control 5 ppm dose  10 ppm dose  20 ppm dose  

Before 
treatment 

After 
treatment 

Before 
treatment 

After 
treatment 

Before 
treatment 

After 
treatment 

Before 
treatment 

After 
treatment 

Temperature (oC) 11.8 ±0.2 12.2 ±0.1 12.0 ±0.3 12.1±0.4 12.3±0.2 12.2±0.3 12.1±0.1 12.4±0.2 
pH 7.6±0.1 7.9±0.1 7.6±0.2 7.8±0.1 7.6±0.1 7.9±0.2 7.6±0.1 7.8±0.1 
Dissolved O2  7.8±0.1 7.1±0.3 7.9±0.2 7.0±0.3 7.4±0.1 7.0±0.2 7.8±0.1 7.1±0.2 
Suspended Solids 27.4±1.2 31.6±1.4 28.0±0.8 32.4±0.9 27.5±0.6 31.8±0.7 27.6±0.7 31.8±0.4 
Total Hardness 
(CaCO3) 

152.4±1.3 147.6±1.1 153.1±1.2 148.4±1.4 152.3±1.2 147.5±1.1 152.5±0.9 148.5±0.6 

Total Nitrate 4.6±0.2 5.2±0.4 4.7±0.1 5.1±0.3 4.7±0.1 5.3±0.2 4.8±0.1 5.3±0.3 

 
Additionally, no study defining the effect of 

rosehip plant extracts on fishes was found. 
Therefore, our study aims to determine the 

effect of extracts from rosehip (Rosa canina L.) 
fruits of varying dosage (5, 10, and 20 ppm) on 
TSH and thyroid hormones (FT3, TT3, FT4 and 
TT4) of fish for 4 and 30 days. It is though that the 
acquired results would serve as a basis for future 
studies on physiology, health, and growth of this 
and other fish species. 

  
 
MATERIALS AND METHODS 

 
Animals. The carps used in the experiment 

have the weight of 100-140g and length of 20-
22cm. The study's Ethics Committee approval was 
issued by the Faculty of Veterinary, Selcuk 
University (letter No. 365, dated 02.26. 2013). The 
fish used in the experiment were transported from 
Yedikir Fisheries Farm, which is run by the 73rd 
Branch Office of General Directorate of State 
Hydraulic Works, Ministry of Forest and Water 
Affairs, to the laboratory and were fed in 250-L 
glass aquariums (depending on the specific density 
of fish 10 g/L) for 15 days, and their adaptation to 
the environment was ensured. The experiment was 
carried out with a semi-static system in natural light 
(12h light-12h dark). During the experiment, fish 
were nourished with Pinar pellet feed (45% protein, 
19% fat, 3% crude fiber) once a day. Twelve h after 
the last feeding dose, hormone analyses of the fish 
were done following the experiment. 

 
Water quality criteria. The water to be used 

in the experiment was first passed through a central 
water treatment unit in order to fix its total hardness 
and pH, and from there, it was transferred to glass 
aquariums. The water quality criteria of aquarium 
water before and after treatment are given in Table 
1.  

 

Experimental design. The experimental 
groups were arranged in different periods (4-30 
days) and doses (5-10-20 ppm). 

1. Control group: only nourished with the 
pellet feed during the experiment  

2. Group: 4 days, 5 ppm Rosa canina extract 
3. Group: 30 days, 5 ppm Rosa canina 

extract 
4. Group: 4 days, 10 ppm Rosa canina 

extract 
5. Group: 30 days, 10 ppm Rosa canina 

extract 
6. Group: 4 days, 20 ppm Rosa canina 

extract 
7. Group: 30 days, 20 ppm Rosa canina 

extract 
 
Extraction procedure. The fruits of Rosa 

canina were collected from Gaziantep province 
(Turkey) in June, 2012 and identified by Dr. Hasan 
Akgul from Department of Biology, Faculty of Art 
and Sciences, Akdeniz University (Turkey). The 
air-dried fruits of Rosa canina were grounded in a 
mechanic grinder to a fine powder, weighed 
precisely in a digital balance. Certain amounts of 
powdered material were Soxhlet-extracted with 
ethanol (absolute, Merck) during 12 hours at 60oC. 
Fruit extracts were filtered (Whatman gared No 4) 
and alcohol was removed from the extract under 
vacuum by Rotary Evaporator (Heildolph Heizbad 
HB Digit). The residue was kept at 4 oC and 
dissolved in normal saline for the experimental 
treatment [16, 17]. 

 
Blood samples and hormone analyses. 

Following the experiment, blood from dorsal aorta 
of 7 fish from each group was placed in glass tubes 

-
were centrifuged at +40C and 5000 rpm, and the 
serums were kept at -400C until analysis. FT3, FT4, 
TT4, and TT3 analyses of blood serums were 
conducted with Roche brand Modular E170-model  
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TABLE 2 
Findings on serum TSH and thyroid levels after rosehip (Rosa canina L.) extract application to carp fish 

(Cyprinus carpio L.) acutely (4 days) and sub-chronically (30 days) at varying levels. 
 

Groups 
Exposure 
time (day) 

FreeT3 
(ng/dl) 

Free T4 
(ng/dl) 

Total T3 

(ng/ml) 
Total T4 
(nmol/L) 

TSH 
(ng/ml) 

Control  4.48±0.50a,x 0.46±0.04b,y 1.58±0.01a,x 22.3±0.16b,y 4.55±0.15b,x 

5 ppm 
4 

30 
4.51±0.42a 

4.41±0.28x 
0.50±0.11b 

0.48±0.11y 
1.59±0.07a 

1.52±0.06x 
24.8±0.55b 

21.5±0.73y 
3.60±0.07c 

3.35±0.03y 

10 ppm 
4 

30 
2.55±0.22b 

2.52±0.17y 
1.45±0.21a 

1.50±0.12x 
1.08±0.05b 

1.28±0.03y 
27.7±0.18a 

29.2±1.28x 
4.87±0.05a 

3.17±0.01y,* 

20 ppm 
4 

30 
2.41±0.18b 

2.30±0.11y 
1.55±0.17a 
1.57±0.13x 

0.69±0.04c 
0.75±0.04z 

35.3±0.10a 
32.4±1.22x 

4.94±0.03a 
3.08±0.01y,* 

Differences between different letters in the same column are important.  
[a, b, c] indicates the significant differences acutely (4 days) exposed to dosage groups. 
[x, y, z] indicates the significant differences sub-chronically (30 days) exposed to dosage groups. 
 * indicates the significant differences between acutely and sub-chronically exposed to same dosage groups. 
(p<0.05). 
 
device with Electro- Chemiluminescence (ECL) 
method and its measurement kits. TSH (Cusabio, 
China) analysis was done with specific fish 
measurement kits with ELISA method. 

 
Statistical analysis. Statistical analysis was 

carried out using the SPSS 10.0 statistical program 
(SPSS Inc., Chicago, IL, USA). All data were 
expressed as arithmetic means ± SE. For the 
analysis of the experimental parameters, one-way 

was used. Student-t test was used to determine the 
differences between acute and sub-chronic 
durations of the same dosage group. Value of 
p<0.05 was considered to be statistically significant. 
 
 
RESULTS AND DISCUSSION 

 
In this study, rosehip (Rosa canina L.) extract 

was applied to common carp acutely (4 days) and 
sub-chronically (30 days) at varying doses (0, 5, 10, 
and 20 ppm). FT3, FT4, TT4, TT3, and TSH levels 
were defined for blood serums of fish after the 
application (Table 2). 

 
Change in thyroid hormones at acute and 

sub-chronic phases. As seen in Table 2, it was 
determined that 5 ppm rosehip extract applied 
acutely and sub-chronically did not effect the free 
and total thyroid hormone levels of carp fish 
significantly. The same tables show that the 
decrease in FT3 and TT3 levels and the increase in 
FT4 and TT4 levels are significant in 10 and 20 ppm 
groups (p<0.05).  

 

Change in TSH at acute and sub-chronic 
phases . According to the experimental results, 
the decrease of TSH levels in 5 ppm group and 
the increase of serum TSH levels in 10 and 20 
ppm groups were significant (p<0.05) in acute 
phase compared to control group. It was 
determined that the decrease in all groups in sub-
chronic phase (30 days) was significant (p<0.05) 
(Table 2). 

Changes in aquatic ecosystem cause stress on 
fishes. They alter their physiologic conditions 
directly as a result of being effected by stress 
factors such as changes in water quality, pollution 
factors, toxic substances, diseases, and nutrition 
deficiency [1]. Adaptive physiological alterations 
against these interactions are directed at ensuring 
homeostasis [18, 19]. This alteration is rather 
through endocrine system. It is a known fact that 
fish benefit from hormones to carry out 
physiological alterations to adapt to ever-changing 
aquatic environment [4]. One of the important 
regulations which vertebrates make against stress is 
changes in energy metabolism. These regulations 
are conducted through HPT axis. Thyroid hormone 
activity of fish is regulated by HPT axis [7]. Fish 
react with thyroid gland activity differently based 
on type, reaction, intensity, and duration of stress 
[18].  

As a bioactive hormone, T3 generally 
increases basal metabolic speed of vertebrates and 
greatly effects energy consumption [4, 20]. As it 
can be seen in Table 2, 5 ppm of rosehip extract 
applied at acute and sub-chronic durations did not 
significantly effect thyroid gland activity of carp 
fish; however, it caused a mild increase in acute 
duration. As seen in the said table, the decrease in 
FT3 and TT3 levels in 10 and 20 ppm dose groups is 
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significant (p<0.05). Although there was no thyroid 
pathology in previous studies, it was seen that there 
was failure in thyroid hormone release. These 
degenerations are referred as "euthyroid sick 
syndrome" [21-23]. The most frequent disorder in 
thyroid hormones is low free T3 and total T3 levels 
[24]. It is reported that 5'deiodinase enzyme, which 
converts T4 into biologically active T3 as a result of 
the inhibition by regulative molecules (cytokines) 
released against toxicological substances, effects 
and reduces gene expression [23]. It is also stated 
that deiodinase enzyme may be faster than inactive 
or T3 degraded synthesis [24]. The increase in FT4 
and TT4 levels in this study shows similarities with 
this syndrome results. This outcome brought the 
idea that it resulted from the effect of 5'deiodinase 
enzyme which converts T4 into biologically active 
T3 on gene expression. There was no available 
study on the effect on this plant extract on thyroid 
gland activity in fish or other vertebrates.  

As seen in Table 2, the decrease of serum 
TSH levels in acute phase in 5 ppm group and 
the increase of serum TSH levels in 10 and 20 
ppm groups were significant (p<0.05). It is 
suggested that the decrease of TSH level in 5 
ppm group at acute phase may have been caused 
by the mild increase of thyroid hormones at the 
same phase, and TSH increase in 10 and 20 ppm 
doses may have resulted from negative feedback 
regulation. The decrease in TSH levels in all 
doses at subchronic phase (30 days) was 
significant (p<0.05). It is thought that this plant 
extract caused stress in subchronic level and 
carried out adaptive regulations to overcome 
stress. It is stated that immune-stimulating 
substances increase defensive mechanisms or 
immunity responses so that animals become more 
resistant [25, 26]. It is reported that there is a 
growing interest recently in using plant extracts 
as immunostimulants [27, 28]. It is stated in 
researches that plant extracts used as external 
agents activate immune system [29-31]. 
Especially toxicological stresses are supressed by 
immunological mediators (such as interleukin 1, 6, 
and tumor necrosis factor) at hypothalamic level on 
HPT axis and create "euthyroid sick syndrome" in 
animals [23]. It is reported that, as a result of this 
syndrome, firstly thyrotropin-releasing hormone 
(TRH) release decreases and therefore causes 
decrease in TSH level [21-23]. It is stated that these 
regulations are intended to protect animals from 
stress and adapt to the new conditions [22]. 
 
 
CONCLUSIONS 

 
In the present study, FT3 and TT3 levels of 10 

and 20 ppm dose groups were significantly 
decreased in acute and subchronic durations when 

compared to control group. It suggests that this 
decrease probably resulted from 5'deiodinase 
enzyme supressing gene expression because of 
toxicological stress. It can be concluded that the 
reduction in the T4 to T3 conversion rate may lead 
to increased FT4 and TT4 levels. In subchronic 
durations TSH levels decreased in all dosage 
groups. It can be said that plant extract caused stress 
in subchronic durations. We concluded that 
organism made adaptive regulations via reducing 
metabolic rate for energy conservation for 
restoration of stress. Considering the ingredients of 
rosehip plant, further research is needed to 
determine the substance that caused these results. It 
was also suggested that application dosage of this 
plant extract may have critical importance in fishes 
and vertebrates.  
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ABSTRACT 

The objective of this study was to investigate a 
hybrid adsorption/ultrafiltration (UF) process for 
Cu(II) and Zn(II) (single metal ions) and 
Cu(II)+Zn(II) (binary metal ions) removal from 
aqueous solution using powder activated carbon 
(PAC). First, batch adsorption studies were 
performed to evaluate the influences of various 
experimental parameters like pH, initial heavy 
metal concentration and contact time. Afterwards, 
UF experiments were carried out at the laboratory 
scale to investigate permeate flux and removal rate 
at an operating pressure of 0.2 MPa. 

When both adsorption and filtration effects 
were considered,  the removal rates were 18.33%, 
57.13%, 100% and 22.6%, 42.0%, 75.4% (single 
system) and 25.0%, 56.6%, 98.8% and 6.2%, 7.6%,  
11.6% (binary system) for Cu(II) and Zn(II) at 
different adsorbent doses (2, 5 and 10 g L-1), 
respectively. There was no significant difference 
between the removal rates of adsorption and 
adsorption/UF process. The permeate flux  is not 
affected by the presence of PAC at adsorption /UF  
hybrid system for Cu(II) removal. Consequently, 
the UF membrane low contributes to the increase of 
Cu(II) and Zn(II) removal rates for both the single 
and binary systems. 

 
 

KEYWORDS:  
Adsorption, ultrafiltration, hybrid system, metal removal, 
binary system. 
 
 
 INTRODUCTION  

Copper and zinc are among the most common 
polluting metal ions in industrial effluents [1] and 
are extremely toxic. Heavy metals have a tendency 
for bioaccumulation in the food chain. The heavy 
metals in aqueous effluents are usually treated by 
using traditional tecniques as lime precipitation or 
process of reduction. However these techniques are 
incapable of reducing their concentrations to the 
levels required by law [2]. So far, there have been a 
number of researchers studying physical and 
chemical treatments of heavy metals from 
wastewater, including precipitation, coagulation-

floculation, chelation, adsorption, ion exchange, 
solvent extraction and membrane process [3-8].  

Membrane process has now become an 
attractive and suitable method for heavy metal 
removal from industrial wastewater. Reverse 
osmosis (RO) and nanofiltration (NF) can be 
readily used for heavy metal removal due to the 
small size of metal ions. However, high operational 
pressure is necessary to achieve high permeate flux 
for RO and NF, which is increased to energy 
consumption. Moreover, flux seriously declines due 
to membrane fouling. These conditions limit the 
applications of RO and NF. Ultrafiltration (UF) is a 
membrane technique for the removal of dissolved 
and colloidal material at low transmembrane 
pressures. However, the pore size of ultrafiltration 
membranes is not suited to separate heavy metal 
ions [9]. Thus, there has been an increasing level of 
interest and research efforts to improve the 
performance or reduce the cost of membrane 
processes. 

The micellar-enhanced and polymer-enhanced 
UF system has been studied in several studies for 
the removal of heavy metals [2, 10-16] and high 
removal rates for heavy metals have been obtained.  
UF membrane should be combined with other 
conventional methods such as adsorption on 
powder activated carbon and coagulation [17-20]. 

The efficiency of activated carbon/UF hybrid 
system has been proven for further optimizing the 
seperation performance of UF process such as 
membrane fouling, permeate flux and permeate 
quality [17, 18, 21]. It should be mentioned that 
adsorption process is one of the most effective 
methods [18] and that the most widely used 
adsorbent for metal removal is activated carbon 
[22]. 

Recently, many studies have been performed 
on the powder activated carbon (PAC)/UF hybrid 
system. The results obtained put forth that the 
application of a PAC/UF is very effective in the 
removal of organic substances, dye, pechlorate from 
waters [17-21, 23]. The investigations on treatment 
of organic matter from water [23] indicate that 
combination of PAC adsorption and UF improved 
process performance and stabilized permate flux for 
high humic asic and phenol concentrations and all 
activated carbon dosages. In an experiment carried 
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out by Mozia and Tomaszewska (2004) [17], at 
both pH values (6.5 and 8.7), no significant effect 
of the presence of PAC in the concentration of 100 
mg L-1 on the permeate flux was observed in the 
hybrid system (PAC/UF) for surface water 
treatment. Banat and Al-Bastaki (2004) [21] 
reported that the combined process (active carbon 
(AC)/UF) achieved a better rejection of dye in 
comparison with the UF process and that PAC was 
more effective than granulated type. Meanwhile, 
Dong et al. (2011) [18] reported that the increase of 
added PAC, the permeate flux of the UF process 
caused a slight reduction after which a constant 
value higher than those of conventional NF 
membranes under comparable conditions for dye 
removal from aqueous solution was obtained.  

Adsorbents such as zeolite, bentonite and 
chitosan are used in the adsorption/UF hybrid 
system. Al-Bastaki and Banat (2004) [24] carried 
out studies on the removal of methylene blue from 
colored water by combining UF and adsorption 
(bentonite) processes thus obtaining a removal rate 
greater than 90%. 

Adsorption/Membran system has been applied 
in several studies for the removal of heavy metals. 
Katsou et al. (2011) [1] applied a sorbent 
(bentonite)-assisted UF system for the removal of 
nickel, cupper, zinc and lead from industrial  
wastewater. However, the permeate flux decreased 
with increasing bentonite dosage. Escoda et al. 
(2013) [25] studied UF-assisted retention of Cu(II) 
ions by adsorption on chitosan-functionalized 
colloidal silica particles and determined that the UF 
membrane contributed to a significant  increase to 
the Cu(II) rejection rate of 25% and 31%  in the 
presence of 0.4% and 0.8% of silica encapsulated 
by N-carboxylated carboxymethyl-chitosan. 

Studies carried out put forth the need for 
further studies on heavy metal removal via PAC / 
UF system. The objective of the present work was 
to investigate the feasibility of PAC/UF process for 
metal removal. First, adsorption capacities with 
PAC were studied for different metal solutions. The 
effect of contact time, initial metal concentration 
and different pH on metal removal at single (Cu(II) 
and Zn(II)) and binary system (Cu(II)+Zn(II)) were 
observed in a series of kinetic and equilibrium 
experiments. Afterwards, UF experiments were 
carried out at the laboratory scale to investigate 
permeate flux and removal rate. PAC was deposited 
onto the membrane surface as a filter cake. 
Furthermore, the influences of the PAC amount 
added as well as initial metal concentrations for 
metal solutions on membrane performance were 
investigated. 

 
 

MATERIALS AND METHODS 

Chemicals. Powder activated carbon (PAC) 

was acquired from a commercial company 
and BET surface area was 686.52 m2 g-1.   

All reagents used in this study, including 
CuSO4.5H2O, ZnSO4.7H2O, NaOH and H2SO4, 
were of analytical grade supplied by Merck. An 
aqueous solution was prepared using distilled water. 
The solutions were further diluted to the required 
concentrations before use. Binary metal solutions 
with all two metals were prepared during the 
experiments.  

 
Adsorption experiments. Adsorption 

capacities with PAC were studied for different 
metal solutions during the first experimental phase. 
Stock metal solutions were prepared (1000 mg L-1) 
for Cu(II) and Zn(II). The stock solutions were 
diluted with distilled water to obtain the desired 
concentration ranging from 50 to 1000 mg L-1. 
Adsorption studies were carried out at 25 oC under 
batch mode using a orbital shaker at constant 
agitating speed of 200 rpm. The effect of contact 
time (0, 1, 5, 15, 30, 60 and 120 min), initial metal 
concentration (50, 100, 250, 500 and 1000 mg L-1) 
and different pH, 2, 3, 4 for Cu(II) and 4, 5, 6 for 
Zn(II) on metal removal were studied in a series of 
kinetic and equilibrium experiments. Adsorbent 
dose was 2 g L-1. The binary system experiments 
(Cu(II)+Zn(II)) were performed under the same 
conditions with those of the single system 
experiments. The initial metal concentrations of the 
binary system were 50+50, 100+100, 250+250, 
500+500 and 1000+1000 mg L-1 and pH values 2, 3, 
4.  

Samples were taken from the supernatant after 
contact time which were analyzed via ICP-OES 
(Spectro Blue model) to determine Cu(II) and/or  
Zn(II) concentrations. All samples were filtered 
through a 0.45  membrane before analysis. 

Solution pH was adjusted by using either 0.1 
N NaOH or 0.1 N H2SO4. Maximum adsorption 
capacities were calculated from Freundlich and 
Langmuir isotherm plots for single system and 
modified extended Langmuir isotherm plots for 
binary system. The adsorption kinetics of Cu(II) 
and Zn(II) on PAC were studied for 120 min. 

Equilibrium adsorption capacities were 
calculated using the following equation: 

           (1)                    

Where  is the equilibrium capacity of 
adsorbent (mg of metal g-1 of adsorbent),  is the 
initial total concentartion of metal ions in solution 
after adsorption (mg of metal L-1 of solution,  (L) 
is the volume of the solution and  (g) is the 
adsorbent mass.  

 
Membrane experiments. Adsorption was 

combined with UF during the second experimental 
phase. Filtration was carried out using a dead-end 
Amicon stirred cell (model 8400) with a capacity of 
300 mL. A schematic flow diagram of the  
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FIGURE 1 
Schematic diagram of the experimental setup of UF process 

 
TABLE 1 

Characteristics of the ultrafiltration membrane used in the experiments. 
 

Membrane Type Manufacturer Material MWCOa, kDa M.O.P.b, bar M.O.T.c, C0 

UC030 Macrodyn®Nadir Cellulose 30 3 55 
a Molecular weight cut-off. b Maximum operation pressure. c Maximum operation temperature. 
 

ultrafiltration setup is shown in Figure 1.  The 
experiments were carried out at pH 4 with Cu(II),  
pH 5 with Zn(II) and pH 4 with Cu(II)+Zn(II).  
After adjusting the pH of metal solution, PAC was 
added at the 2, 5 nd 10 g L-1. Contact time was 120 
min to allow a sufficient adsorption of Cu(II) and 
Zn(II) on the PAC. The suspension was then 
filtered as described below.  

In each experiment, the membrane was first 
placed in distilled water for 2 h. The pre-treated 
membrane was then put in the cell and compressed 
up to 0.3 MPa for approximately 30 min. using 
distilled water.  The cell was filled with the feed 
solution for the filtration process after which 
adsorption studies were carried out for 120 min. It 
was then subject to the designated pressure (0.2 
MPa) with nitrogen gas. The solution was stirred at 
200 rpm during filtration to minimize membrane 
fouling and to avoid floccus breakage. The 
membrane utilized in this work had an effective 
surface area of 40 cm2. 

Membrane cleaning processes were carried out 
by holding the membranes at low pH values with 
HNO3 and at high pH values with NaOH solutions 
for 1 h [26]. 

The performance of the UF process enhanced 
with adsorption was characterized by two 
parameters: permeation flux and removal rate. 
Permeation flux was designated as J           (L·m-2·h-

1) and was calculated by the equation: 

      (2)  

 
where V (L) is the volume of permeate 

effluent, A (m2) is the membrane area and t (h) is  
 

 
the permeation time. Removal rate (R) was defined  
as follows:              

           (3)    

  
where Cp and Cf (mgL-1) denoted the 

concentrations of metal in the permeate effluent and  
feed solution, respectively. 

 
Characterization of membrane. 

Ultrafiltration (UF) membrane supplied by 
Macrodyn® Nadir as a flat sheet was used in the 
experiments. Each experiment was performed with 
a new membrane sheet. The characteristics of the 
membrane are given in Table 1. 

Scaning electron microscope (SEM) images of  
new membrane, fouled membrane loaded  
PAC/Cu(II), PAC/Zn(II) and PAC/Cu(II)+Zn(II) 
were acquired via JEOL/JSM-6335F-INCA/EDS 
with magnification up to X10.000. 

 
 

RESULTS AND DISCUSSION 
 
Effects of operating parameters on 

adsorption of Cu(II) and Zn(II). Effect of Ph. 
Solution pH plays an important role in the 
adsorption process and affects the surface charge of 
the adsorbent as well as the adsorption capacity. 
Cu(II) and Zn(II) adsorption capacities of PAC are 
shown in Figure 2 as a function of pH. Similar 
experiments were performed at 250 mg L-1 initial 
metal concentrations for a single system in order to 
assess the effects of pH (2, 3, 4 for Cu(II) and 4, 5, 
6 for Zn(II)) on adsorption of metal by PAC.  
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FIGURE 2. 
Effect of pH on metal adsorption (initial metal 

concentration, Co=250 mg L-1 for single system, 
m= 2 g PAC L-1) 

 
When the pH of metal solutions were 

increased from 2 to 4 and from 4 to 6 Cu(II) and 
Zn(II) adsorption by PAC at equilibrium increased 
from 34.14 mg g-1 to 58.68 mg g-1 and slightly 
increased from 48.68 mg g-1 to 51.9 mg g-1, 
respectively. The low binding capacity in lower pH 
is due to the competition between metal ions and 
protons for active sites and the electrostatic 
repulsion between the protonated surface and the 
metal ions. The functional groups on PAC surface 
are protonated [27]. Maximum qe levels are 
obtained at pH 4 for Cu(II) solution and pH 6 for 
Zn(II) solution and these pH values were taken as 
reference pH in the following assesments. Further 
incerase of pH causes reduction of metal adsorption 
due to the formation of metal-hydroxide ions. Some 
authors reported that metal complex forms and 
results in precipitation at higher pH and therefore 
the separation may not be due to adsorption [27, 
28]. 

 
Effect of contact time. Adsorption of Cu(II) 

and Zn(II) by PAC at equilibrium and at 250 mg L-1 
initial concentration with constant pH (pH 4 and pH 
6) are shown in Figure 3, respectively. Metal uptake 
was rapid and adsorption increased with increasing 
contact time. Equilibrium was attained within 120 
min for Cu(II) (58.67 mg g-1) and Zn(II) ( 51.9 mg 
g-1).  A contact time of 120 min was chosen for the 
adsorption/ultrafiltration experiments. 

 
Effects of initial metal concentration. The 

initial concentration is an important factor to be 
considered for effective adsorption of the metal 
ions. Adsorption experiments with varying initial 
concentations 50  1000 mg L-1 for Cu(II) and 
Zn(II), with fixed adsorbent dose (2 g L-1) and pH 4 
and 6 were performed, respectively. The effect of 
initial metal concentration on the removal of Cu(II) 
and Zn(II) by PAC is shown in Figure 4. The 
removal efficiency (qe) of Cu(II) and Zn(II) by 
PAC increased from 21.63 mg g-1 to 152.41 mg g-1 
and 17.08 mg g-1 to 168.12 mg g-1 with increasing 
metal concentration (from 50 mg L-1 to 1000 mg L-

1), respectively.  

 
 

FIGURE 3 
Effect of contact time on metal adsorption 

(Co=250 mg L-1, m= 2 g PAC L-1, PH 4 and 6 for 
Cu(II) and Zn(II), respectively) 

 

   
 

FIGURE 4 
Effects of initial metal concentration (m=2 g 
PAC L-1, pH 4 and 6 for Cu(II) and Zn(II), 

respectively) on removal efficiency (qe) 
 
A driving force is necessary to overcome the 

resistances of mass transfer of metal between the 
aqueous and the solid phases. The driving force is 
provided by the initial metal concentration. 
Therefore, increase of initial metal concentration 
will increase the driving force and adsorption rate. 
In general, the extent of metal removal was found to 
be strongly dependent on the metal concentration 
[29].  

The metal in solution interacts with the 
binding sites at lower initial concentrations. Thus 
higher adsorption rate was obtained for PAC. In 
contrast, adsorption rate decreased at higher initial 
concentrations due to the saturation of binding sites 
and energetically less favourable sites [22]. 

 
Adsorption of binary metal solution (Cu(II) 

+ Zn(II)). The metal removal rate in the binary 
system affects the metal ion concentration, 
competition of the metal ions for binding sites and 
the nature and amount of adsorbent dosage in the 
solution [27]. Cu(II) ions in the solute competed 
with Zn(II) ions for adsorption sites. Figure 5 shows 
the results for the adsorption of the metal ions from 
single and binary system on 2 g L-1 PAC (pH 4). 
The adsorption of a metal was suppressed by 
presence of other metal ions in the binary system.  
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FIGURE 5 
Percentage removal of Cu(II) and Zn(II) ions in 

single and binary system. 
 
Zn (II) removal rate decreased from 31.61% to 

5.71% with increasing initial concentration in the 
single system (pH 4). However, there was no 
significant difference (3.73%-5.58%) for the Zn(II) 
removal rates of binary system with increasing 
initial concentration. Zn(II) ion adsorption was 
reduced from 31.61% to 3.73% in the presence 
Cu(II) ion (binary system) for 50 mg Cu(II) L-1 + 50 
mg Zn(II) L-1 initial concentration. It reveals the 
inhibitory effect of one metal ion binding on the 
other metal ion. The decreased adsorption of the 
Zn(II) ions in the binary system is due to the 
increase in electrostatic repulsion among the cations 
and competition of Cu(II) and Zn(II) ions for active 
sites on PAC [27, 30]. The values indicated that 
there was no significant suppresson in magnitude of 
Cu(II) ion uptake in the binary system. The Cu(II) 
removal rates were almost the same for single and 
binary systems in all experiments.  

 

Adsorption equilibrium study. For 
adsorption studies, it is important to establish the 
most appropriate correlation for the equilibrium 
curves in order to optimize the design of an 
adsorption system. To get a better understanding of 
the Cu(II), Zn(II) and Cu(II)+Zn(II) adsorption 
process, studies were carried out on adsorption 
equilibrium. Two isotherm models (Freundlich and 
Langmuir) for the single system and modified 
extended Langmuir model for the binary system 
[31] were used in the present study to describe the 
adsorption data (Table 2). For each model, qe, is the 
amount adsorbed (mg g-1) and Ce the adsorbate 
concentration at equilibrium in solution (mg L-1). 

The Freundlich model is an empirical equation 
used to estimate the adsorption intensity of the 
sorbent towards the adsorbate.  The Freundlich 
isotherm model is based on the assumption of 
adsorption on heterogenous surfaces and also 
allows the treatment of multilayer adsorption. 

The Langmuir equation is used to estimate the 
maximum adsorption capacity corresponding to the 
complete monolayer coverage on the adsorbent 
surface. The Langmuir isotherm assumes that 
adsorption takes place at specific homogeneous 
sites within the adsorbent. 

Table 3 gives the qmax and KL values for 
Langmuir and modified extended Langmuir 
isotherm, KF and nF values for the Freundlich 
isotherm and the correlation coefficients for the two 
isotherms.  

It can be seen from the R2 values in Table 3 
that the Freundlich model yields a better fit in  

 

 TABLE 2 
 Models used to describe the adsorption of metals 

 

Single 
adsorption 
isotherm 

Freundlich 

 is a constant depicting 
adsorption capacity,  is a constant 
indicating adsorption intensity. 

Langmuir 

 (L g-1) represents the Langmuir 
constant and  (mg g-1) is the 
maximum adsorption capacity for 
monolayer formation on adsorbent. 

Binary 
adsorption 
isotherm 

Modified 
Extended 
Langmuir 
multicomponent 

 and  are amount adsorbed 
and equilibrium concentration of 
component 1, respectively. 

 
, (fractional loading 

of metals) 
 

 (L g-1) represents the Langmuir 
constant and  (mg g-1) is the 
maximum adsorption capacity for 
monolayer formation on adsorbent. 

 
 ,  and  , 

obtained suitably in single system. 
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TABLE 3 
Isotherm constants for the Langmuir, Freundlich and extended Langmuir isotherms 

 
Metal Langmuir isotherm Freundlich isotherm Modified extended 

Langmuir isotherm 
qmax 

(mg g-1) 
KL 

(L g-1) 
R2 KF 1/nF R2 qmax 

(mg g-1) 
KL 

(L g-1) 
R2 

Cu(II) 169.5 133.5 0.844 9.95 0.37 0.945 144,9 0,0012 0,999 
Zn(II) 250 103.5 0.75 2.02 0.63 0.987 119,1 0,0021 0,999 

 
comparison with the Langmuir model for the 
adsorption of Cu(II) and Zn(II) at single system on 
PAC.The higher the value of 1/nF, the higher the 
affinity will be and the heterogenity of the 
adsorbent sites and value of 1/nF less than 1 put 
forth the favorable nature of adsorption of metal on 
the adsorbent [22]. As can be seen from Table 3, 
metal adsorption on PAC for Cu(II) at pH 4) and 
Zn(II) at pH 6 have 1/nF values of 0.37 and 0.63, 
respectively. This result indicates the favourable 
nature of adsorption of metals on these adsorbents 
and the higher value of 1/nF of PAC (1/n= 0.63) 
indicates the affinityand heterogenity of the 
adsorbent sites. Similarly, it can be seen from Table 
3 that the maximum adsorption capacity, qmax of 
Zn(II) with a value of 250 mg g-1 is greater in 
comparison with qmax of Cu(II) (169.5 mg g-1). 

The modified extended Langmuir isotherm 
was fitted to experimental adsorption equilibrium 
data for the binary system (R2=0.99). The qmax 
values of Cu(II) and Zn(II) were estimated as 144.9 
mg g-1 and 119.1 mg g-1, respectively. The 
maximum amount of adorbates adsorbed in the 
binary system was lower in comparison with the 
single system. The decrease in adsorption capacity 
might be due to the competitive adsorption between 
adsorbate molecules [32]. Adsorption affinity 
parameters KL of the single system for Cu(II) and 
Zn(II) (133.5 L g-1 and 103.5 L g-1) were higher 
than those of the binary system (0.0012 L g-1 and 
0.0021 L g-1). Higher adsorption affinity parameter 
of Zn(II) than that of Cu(II) indicated that Zn(II) 
was preferentially adsorbed onto the surface of 
PAC for binary system. 

 
Adsorption kinetic study. Experiments to 

assess the kinetics of Cu(II), Zn(II) and 
Cu(II)+Zn(II) removal on PAC were conducted in 
this study. Adsorption equilibrium was attained 
after 120 min. in the kinetic experiments as no 
significant increase in metal adsorption was 
observed after that time. Two kinetic models 
(pseudo first-order and pseudo second-order) were 
used to describe the kinetic data (Table 4). Non-
linear least square method was employed by fitting 
the kinetic experimental data with equations in 
Table 4 in order to obtain the parameters for the 
pseudo-first and pseudo-second order equations 
after which the results were summarized in Table 5. 

 and  represent the amount of metal ions  

 
(Cu(II) and Zn(II)) adsorbed (mg g-1) at a time  
and at equilibrium for each model. The total amount 
of metals adsorbed was used for data treatment in 
the adsorption from mixed metal solutions [33].  

 
TABLE 4 

Models used to describe the kinetic of adsorption 
of single and binary system 

 
Pseudo-first 
order 

 (s-1) is the 
rate constant 

Pseudo-
second order 

 (g mg-1s-1) is 
the rate constant 

 
A relatively high correlation coefficient (R2, 

close or equal to 1) value successfully described by 
the model indicates the kinetics for the adsorption 
system.  As can be seen from Table 5 for Cu(II), 
Zn(II) and Cu(II)+Zn(II) adsorption on PAC, the 
pseudo second-order kinetic model yielded the best 
fit and the correlation coefficients R2 of the model 
for the linear plots were very close to 1 at various 
concentrations. So a consideration of R2 values put 
forth the adsorption rates of Cu(II), Zn(II) and 
Cu(II)+Zn(II) using PAC fit to pseudo second-order 
kinetic model well.  This is confirmed by the fact 
that qe of pseudo-second order model is in 
agreement with the values of fitting parameter qe 
from kinetic experimental data. It was put forth in 
many studies that the value of k2 usually depends on 
the initial adsorbate concentration in the bulk phase 
[22, 33]. It was observed that k2 values decrease 
with increasing initial concentrations. 

 
The Removal of Cu(II) and Zn(II) ions by 

adsorption/ultrafiltration process. The Removal 
Rate. Removal rates were evaluated to determine 
the contribution of ultrafiltration following the 
adsorption of Cu(II), Zn(II) and Cu(II)+Zn(II) from 
aqueous solutions at optimum pH values (4, 6 and 
4), respectively. UF was applied following the 
adsorption of Cu(II) and Zn(II) by PAC, to further 
optimize the removal of the pollutant. The sample 
was filtered after 120 min of contact time (using a 
orbital shaker at constant agitating speed of 200 
rpm) with PAC. The adsorbent concentrations were 
fixed at 2, 5 and 10 g L-1 and Cu(II) and Zn(II) 
concentrations were fixed for the single system at 
250 mg L-1 and at 250 mg L-1+250 mg L-1 for the 
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binary system. Influence of the PAC amount was 
tested for different concentrations (2, 5 and 10 g L-

1). Only the values obtained at 0.2 Mpa are 
mentioned in Figure 6 and Figure 7 to compare the 
removal rates.  

When effects for both adsorption and filtration 

were considered, the removal rates were 
18.33%, 57.13%, 100% and 22.6%, 42.0%, 75.4% 
(single system) and 25.0%, 56.6%, 98.8% and 
6.2%, 7.6%,  11.6% (binary system) for Cu(II) and 
Zn(II) at different adsorbent doses (2, 5 and 10 g L-

1), respectively. 
 

TABLE 5 
Kinetic parameters for adsorption metals from single and binary system (t=120 min, m= 2 g L-1) 

 

Metal Co 
(mg/L) 

Pseudo-first-order model Pseudo-second-order model 
qe,exp 
(mg g-1) 

qe,calc     
(mg g-1) 

k1         
(min-1) 

R2 qe, exp 
(mg g-1) 

qe,calc   
(mg g-1) 

k2             
(g mg-1 min-1) 

R2 

Cu(II) solution , pH 4 

Cu(II) 

50 21.64 8.09 0.038 0.82 21.64 22.12 0.0164 0.99 
100 34.02 16.24 0.034 0.96 34.02 34.72 0.0069 0.99 
250 58.68 35.80 0.032 0.95 58.68 60.98 0.0025 0.99 
500 88.46 54.71 0.026 0.90 88.46 91.74 0.0014 0.99 

1000 152.41 114.05 0.030 0.98 152.41 161.29 0,0006 0.99 

Zn(II) solution, pH 6 

Zn(II) 

50 17.08 8.67 0.011 0.69 17.075 17.04 0.0066 0.96 
100 27.62 17.08 0.026 0.99 27.62 28.74 0.0043 0.99 
250 51.90 32.11 0.024 0.96 51.90 53.76 0.0022 0.99 
500 86.38 59.53 0.026 0.96 86.38 90.91 0.0011 0.99 

1000 168.11 129.42 0.027 0.99 168.12 181.82 0.0004 0.99 

Cu(II)+Zn(II) solution, pH 4 

Cu(II) 

50+50 47.20 9.65 0.010 0.95 47.20 47.17 0.0073 0.99 
100+100 84.49 18.57 0.025 0.99 84.49 84.75 0.0058 0.99 
250+250 188.25 38.62 0.032 0.99 188.25 188.68 0.0034 0.99 
500+500 340.55 64.30 0.030 0.99 340.55 344.83 0.0020 0.99 

1000+100 635.08 103.99 0.026 0.98 635.08 625 0.0011 0.99 

Zn(II) 

50+50 31.16 4.53 0.007 0.66 31.16 31.06 0.0156 0.99 
100+100 65.58 10.62 0.025 0.99 65.58 65.79 0.0108 0.99 
250+250 169.92 31.81 0.032 0.99 169.92 172.41 0.0041 0.99 
500+500 321.75 61.40 0.026 0.99 321.75 322.58 0.0018 0.99 

1000+100 623.54 129.54 0.026 0.96 623.54 625 0.0008 0.99 

 
 

 
FIGURE 6 

Rejection rate as a function of different PAC 
doses at single system (Co= 250 mg L-1 for Cu(II) 

and Zn(II) and PH 4 and 6  , respectively) 
 
So, the filtration step improves the removal rate of 
Cu(II) by 2.3%, 2.13%, 0%  and of Zn(II) by 0 %, 
0.1 %, 0.3 % for 2, 5, 10 g L-1 PAC at single system 
and of Cu(II) by 0%, 0.8%, 1.2% and of Zn(II) by 
0.1%, 0.2%, 0.8% respectively. There was no 
significant difference between the removal rates of 
adsorption and adsorption/UF process. 
Consequently, the UF membrane low contributes to 
the increase of Cu(II) and Zn(II) removal rates in 
term of permeate quality. 
 
 

 
 

 
FIGURE 7 

Rejection rate as a function of different PAC 
doses at binary system (Co= 250 mg L-1 +250 mg 

L-1 for Cu(II)+Zn(II) and pH 4) 
 

The Permeate Flux. Figure 8 shows the 
permeate flux versus applied adsorbent doses. It 
should be noted that no significant modification of 
the fluxes was revealed, indicating that the 
permeate fluxes are not affected by different PAC 
doses and different metals. The permeate fluxes 
were obtained as 530-510 L m-2h-1 for 2 g PAC L-1, 
525 -495 L m-2h-1 for 5 g PAC L-1 and as 510-495 L 
m-2h-1 for 10 g PAC L-1. These results are in 
accordance with the previous results in the literature 
[25] putting forth that the permeate flux  is not 
affected by the presence of the composites 
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(fonctionalized colloidal silica) at adsorption/UF  
hybrid system for Cu(II) removal. Moreover, Lin et 
al. (2000) [34] put forth that the addition of only 
PAC to deionized water does not  affect the 
permeate flux.  

 

 
FIGURE 8 

The variation of the permeate flux for different 
adsorbent doses and for single and binary 

system (before and after membrane cleaning) 
 

The permeate flux was measured to follow a 
potantial membrane fouling for 480 s. Longer-term 
experiments are required in order to determine 
membrane fouling [26, 20]. Filtration was carried 
out using membrane cell with a capacity of 300 mL. 
However, membrane cell was not suited for long-
term experiments due to high permeate flux at UF 
membrane. 

 
SEM images of membrane surface. Based 

on optical observations, it was determined that a 
porous PAC cake layer with thickness of about 0.5-
2 cm was formed on the membrane surface.  SEM 
images of new membrane, fouled membrane loaded 
with PAC/Cu(II), PAC/Zn(II) and 
PAC/Cu(II)+Zn(II) are shown in Figure 9. PAC 
particles are too big to block the pores inside. They 
are deposited on the membrane surface and are 
easily removed during cleaning [17].  The permeate 
flux of membrane after cleaning was between 96% 
and 98% (Figure 8). It can be said that fouling is 
mainly reversible.  

 
 

CONCLUSIONS 

*A hybrid adsorption/UF process for Cu(II), 
Zn(II) and Cu(II)+Zn(II) removal from aqueous 
solution using PAC was investigated in this work. 
Firstly batch adsorption studies were performed and 
then UF experiments were carried out. 

* The decreased adsorption of Zn(II) ions in 
the binary system is due to the increase in the 
electrostatic repulsion among the cations and the 
competition between Cu(II) and Zn(II) ions for 
active sites on the PAC. However, Cu(II) removal 
rates were almost the same for single and binary 
systems in all experiments.  

* When both adsorption and filtration effects 
were considered, the removal rates were determined 

as 18.33%, 57.13%, 100% and 22.6%, 
42.1%, 75.4% for Cu(II) and Zn(II) at different 
adsorbent doses (2, 5 and 10 g L-1), respectively. 
There was no significant difference between the 
removal rates of adsorption and adsorption/UF 
process. 

* The permeate fluxes are not also affected by 
different PAC doses and different metals. 
Membrane fouling is mainly reversible. 

* Further studies at pilot scale and laboratory 
scale are necessary to confirm whether these results 
would be applicable for a full scale system. 

 

a)  

b)  

c)  

d)  
 

FIGURE 9 
SEM images of membrane surface a) new 

membrane b) PAC/Cu(II) c) PAC/Zn(II) d) 
PAC/Cu(II)+Zn(II) 
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ABSTRACT 

Storage at low temperature is a valuable and 
simple method for improving parasitoid mass rearing 
techniques. The effects of cold storage on 
Trichogramma pintoi Voegele (Hymenoptera: 
Trichogrammatidae) were investigated by holding 
different life-stages (larval, pre-pupal and pupal 
stages) at -5, 0, 5, and 10 °C on Ephestia kuehniella 
Zeller (Lepidoptera: Pyralidae) and Cadra cautella 
Walker (Lepidoptera: Pyralidae) for 10 days storage 
periods. Cold storage at -5 and 0°C resulted in high 
mortality, especially at larval and pre-pupal stage of 
parasitoid, as a host C. cautella. However, 
development time increased and emergence ratio of 
T. pintoi decreased with storage temperature in all 
immature stages and host species. Longevity and 
parasitism ratio of adult parasitoids were affected by 
the host species and the storage temperature. Our 
results indicate that low temperature storage (5 and 
10°C) of T. pintoi within its host (E. kuehniella - 
pupal stage of T. pintoi) for maintaining and 
accumulating the parasitoid during the release 
program.   

 
 

KEYWORDS: 
Trichogramma pintoi, Ephestia kuehniella, Cadra 
cautella, immature stage, cold storage 

 
 

INTRODUCTION 
 
Species of the hymenopterous genus 

Trichogramma represent the most important egg 
parasitoids for to regulate pest populations in 
biological control[1][2][3]. These parasitoids are 
mainly produced on different suitable host eggs like 
Ephestia kuehniella Zeller, Corcyra cephalonica 
(Stainton) (Lepidoptera: Pyralidae), Sitotroga 
cerealella (Olivier) (Lepidoptera: Gelechiidae) or on 
silkworms such as Samia cynthia ricini (Donovan) 
(Lepidoptera: Saturniidae) Antheraea pernyi 
(Guérin-Mèneville) (Lepidoptera: 
Saturniidae)[4][5][6][7][8][9]. Mass production of 
beneficial arthropods is a complex process that often 

involves a multidisciplinary effort. Nevertheless, 
cold storage is important and should be an integral 
part of the mass production. The building of cold 
storage helps to enhance the number and presence of 
beneficial arthropods before releasing them to field 
in time. For this, the techniques are very important 
while managing a storage for keeping the natural 
enemies into it aimed for mass rearing because such 
kind of storage provides effectiveness and 
adaptability at a maximum level to beneficial insects, 
moreover, such conditions also furnish a favorable 
stage of growth for their maximum number of 
release, and to obtain the optimal presence of the 
standardized stocks for conducting different kind of 
research regarding the natural enemies[10][11][12]. 

Storage methods must assure the availability of 
quality beneficial arthropods[13]. Greenberg et al. 
(1996)[10] mentioned two different types of storage 
methods, such as with and without previous diapause 
induction, that can be used for the mass rearing of 
Trichogramma species. According to Smith 
(1996)[14] in another study, most of the immature 
stages of Trichogramma spp., become inactive 
inside of their host eggs and permitting them to bear 
the subfreezing temperatures for a long period of 
time. Many other studies are also available regarding 
to the storage of Trichogramma spp 
[10][15][16][11][17][18]. 

T. pintoi is an important parasitoid species of 
lepidopterous pests. This parasitoid attacked eggs of 
Leucoma salicis, Antheraea pernyi, Agrotis segetum, 
Heliothis armigera, Ostrinia nubilalis, Philosamia 
ricini [19] [20]. T. pintoi is parthenogenetic species, 
with %90 of progeny being females. Their biology 
studies is limited and no storage technique has yet 
been developed for this species. In this study, larval, 
pre-pupal and pupal parasitoid stage was used. Thus, 
this research was carried out aiming to find optimal 
cold storage conditions for T. pintoi when the 
parasitoids were stored as immatures within 
Ephestia kuehniella and Cadra cautella eggs. 
Furthermore, emergence rate, development time, 
longevity and parasitism capacity of their progeny 
were evaluated.   
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MATERIAL AND METHODS 

Hosts and parasitoid. Eggs of Ephestia 
kuehniella and Cadra cautella, the parasitoid 
Trichogramma pintoi were obtained from the 
Biological Control Laboratory at the Ankara 
University, Faculty of Agriculture, Department of 
Plant Protection.  

 
Rearing of Ephestia kuehniella. The host was 

reared at 25 ± 1°C, 60-70% relative humidity (RH) 
with a 16:8 h light:dark photoperiod. Culturing was 
undertaken using clear plastic containers (27 x 37 x 
7 cm) on a 2:1 mixture of wheat flour and rough 
wheat bran containing approximately 400 g food, 
which was sterilized at 60°C for 3 days, and 
approxymately 5.000 host eggs[21]. 

 
Rearing of Cadra cautella. Cadra cautella 

(Walker) (Lepidoptera: Pyralidae), used in these 
experiments as host, were derived from a standard 
laboratory culture. C. cautella was reared in a 
climate room providing 25 ± 1 °C temperature, 60%- 
70% R.H., 16:8 h (L:D) photoperiod. In the rearing 
of C. cautella, wheat bran, corn flour, dry yeast, 
honey, milk powder, and glycerin were mixed in a 
ratio of 2:1:0.25:0.50:0.25:0.25, respectively. Before 
using the mixed preparation, it was kept in an 
incubator. Sterilized plastic breeding containers 15 × 
20 × 7.5 cm in size were filled with 300 g of sterilized 
food and over this nearly 400 0- to 24-h-old C. 
cautella eggs were homogeneously dispersed using 
a soft tip brush. The containers were kept in the 
rearing room during the study. Adult moths were 
collected with the help of an aspirator and transferred 
into ovipositing cages. For the continuity of the 
culture, a new culture was established every day 
using C. cautella eggs, collected every 24 h[22]. 

 
Treatments. 30 Eggs of E. kuehniella and C. 

cautella were fixed to pieces of card board (0.4 × 2.0 
cm) with 10% arabic gum, introduced into glass 
tubes harboring one T. pintoi female and exposed to 
them for 24 h. Honey solution (10%) was provided 
as food to the adult parasitoids. After 24 hours of 
exposure, parasitized eggs were kept in a climate 

room at 25 ± 1°C temperature and 65 ± 5% RH for 
development. Once the parasitized eggs reached 
larval, pre-pupal and pupal stage at 3-6-9 days after 
parasitisim [23][24][25].The parasitized eggs were stored 
for 10 days at -5, 0, 5, 10 °C in a refrigerator, 75 ± 
5% RH, and in full darkness. To examine 
development of T. pintoi within E. kuehniella and C. 
cautella eggs after storage, After 10 days of 
exposure, the parasitized eggs were kept at an 
ambient temperature (25 ± 1°C). A control group 
was kept at standard rearing conditions. 
Development time (F0), Emergence ratio (F0), 
longevity (F0) and parasitism ratio (F1) were 
recorded.  

 
Statistical Analysis. The experiment had a 

factorial design with 3 parasitoid immature stages 
(larval, pre-pupal and pupal stages), 2 host species 
(Ephestia kuehniella and Cadra cautella 
(Lepidoptera: Pyralidae)) and 4 storage temperatures 
(-5, 0, 5 and 10°C). Data obtained in this study were 
analyzed using the General Linear Model in Minitab 
Release 14[26] [27]. The percentage data were 
normalized by using an arcsine transformation 

[28]. Duncan test was applied to 
determine differences between means.  

 
 

RESULTS 

Significant interaction was observed in 
developmental time of T. pintoi (df=8, F=39.04, P< 
0.001) (Table 1). Analysis of Duncan test also 
showed a significant increase in developmental time 
with decreasing storage temperature in all immature 
stage and host species. The longest development 
time as 23.57 and 24.60 was found in larval stage of 
parasitoid on C. cautella at -5 and 0 C.  The shortest 
development time as 16.86 and 15. 98 was found in 
pupal stage on E. kuehniella at 5 and 10 C. 
Differences in development time of T. pintoi was 
significant when different stages of parasitoids were 
reared on different host (Table 2).  

A similar result was found in adult emergence 
of T. pintoi (df=8, F=2.79, P=0.005) (Table 3).

            
 

TABLE 1 
 Results of the GLM analysis of the development time of Trichogramma pintoi 

Source of variation DF SS F P value 

host species 1 756.2 1514.02 <0.001 
parasitoid stage 2 1389.3 1390.78 <0.001 
storage temperature 4 59760.7 29911.64 <0.001 
host species x  parasitoid stage 2 32.4 32.40 <0.001 
host species x  storage temperature 4 565 282.81 <0.001 
parasitoid stage x  storage temperature 8 849 212.63 <0.001 
host species x parasitoid stage x storage temperature 8 156 39.04 <0.001 
Error 6249 3121.2   
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TABLE 2 
Development time (mean ±SE) of Trichogramma pintoi after storage of the parents 

 
storage 
temperature 

 

host:Ephestia 
kuehniella 
stage of 
parasitoid: 
larvae 

host:Ephestia 
kuehniella 
stage of 
parasitoid: 
pre-pupae 

host:Ephestia 
kuehniella 
stage of 
parasitoid: 
pupae 

host: Cadra 
cautella 
stage of 
parasitoid: 
larvae 

host: Cadra 
cautella 
stage of 
parasitoid: 
pre-pupae 

host: Cadra 
cautella 
stage of 
parasitoid: 
pupae 

-5 22.2±0.27 b A 
n=25 

20.40±0.05 b A 
n=264 

19.25±0.05 b A 
n=290 

23.57±0.20 a A 
n=7 

21.78±0.09 b A 
n=66 

20.51±0.10 b A 
n=43 

0 22.7±0.16 b A 
n=29 

19.67±0.04 c A 
n=288 

18.94±0.04 c A 
n=294 

24.60±0.34 a A 
n=10 

22.03±0.09 b A 
n=87 

20.90±0.05 b A 
n=164 

5 18.76±0.04 b B 
n=278 

17.64±0.03 bc B 
n=304 

16.86±0.04 c B 
n=374 

20.56±0.04 a B 
n=195 

19.66±0.04 ab B 
n=238 

17.73±0.05bc B 
n=261 

10 16.77±0.02 bc C 
n=342 

16.62±0.02 bc B 
n=406 

15.98±0.02 c B 
n=399 

19.07±0.05 a C 
n=219 

17.55±0.03 ab C 
n=246 

16.79±0.04 bc B 
n=256 

25 (control) 10.48±0.03 D 
n=234 

10.48±0.03 D 
n=234 

10.48±0.03 D 
n=234 

10.42±0.03 D 
n=171 

10.42±0.03 D 
n=171 

10.42±0.03 C 
n=171 

Means in each row followed by same lowercase  
 

 
TABLE 3 

Results of the GLM analysis of the emergence rate of Trichogramma pintoi 
 

Source of variation DF SS F P value 

host species 1 12973.2 196.25 <0.001 
parasitoid stage 2 5886.0 44.52 <0.001 
storage temperature 4 81825.5 309.45 <0.001 
host species x  parasitoid stage 2 369.6 2.80 0.062 
host species x  storage temperature 4 4213.9 15.94 <0.001 
parasitoid stage x  storage temperature 8 2199.3 4.16 <0.001 
host species x  parasitoid stage x storage temperature 8 1474.2 2.79 0.005 
Error 510 33713.7   

 
TABLE 4 

Emergence rate of Trichogramma pintoi after storage of the parents 
 

storage 
temperature 

 

host:Ephestia 
kuehniella 
stage of parasitoid: 
larvae 

host:Ephestia 
kuehniella 
stage of  
parasitoid : 
pre-pupae 

host:Ephestia 
kuehniella 
stage of parasitoid: 
pupae 

host: Cadra cautella 
stage of parasitoid: 
larvae 

host: Cadra 
cautella 
stage of parasitoid: 
pre-pupae 

host: Cadra cautella 
stage of parasitoid: 
pupae 

-5 30.35 D b 52.80 B a 53.60 C a 15.85 C c 17.20 B c 38.50 B b 
0 32.65 D b 53.20 B a 56.70 C a 18.25 C c 23.10 B c 37.65 B b 
5 56.60 C c 59 B b 72.15 B a 56.15 B c  64.70A abc 68.85 A ab 
10 74.65 B a 79.60 A a 80.50 AB a 61.25 B b 64.50 A b 65.65 A b  
25 
(control) 

86.70 A 86.70 A 86.70 A 73.80 A 73.80 A 73.80 A 

Means in each row followed by same lowercase  
 

The percentage of adult emergence decreased 
significantly with decreasing storage temperature in 
all immature stage and host species. On the other 
hand emerged adults has a higher percentage when 
different stages of parasitoids were reared on E. 
kuehniella (Table 4).  
Maximum and minimum emergence rate (80.50 and 
15.85) was obtained from pupal stage of parasitoid 
on E. kuehniella. and larval stage of parasitoid on C. 
cautella.  

three factors in life spans (Table 5) (df=8, F=1.32, 
P=0.233). The life spans of adult T. pintoi was 
influenced by interaction of parasitoid stage and 
storage temperature (df=8, F=2.15, P=0.030) (Table 
5). The life span of parasitoid ranged from 4.41 days 
and 6.36 days.  

There was a significant difference in parasitism 
by the F1 generation after the storage of their parents 
but the parasitism of F1 generation was not 
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significantly affected by the interaction between 
three factors (df=8, F= 1.49, P= 847) (Table 7). 
However, there was a significant interaction storage 
temperature x host species (df=4, F=4.67, P=0.001) 
and storage temperature x parasitoid age (df=8, 
F=5.60, P<0.001). The highest parasitism rate was 
found on E. kuehniella (78.44 %) at 10oC (Table 8). 

On the other hand, there was no significant 
difference in parasitism rates between host species. 
at- 5, 0 oC and 10 oC. The rate of parasitism increased 
with increasing temperature in all developmental 
stage of parasitoid (Table 9). Storage at 0 and -5 oC 
in the period of larvae, this has resulted in reduced 
the rate of parasitism (51.33 % and 57.81 %).  

 
 

TABLE 5 
Results of the GLM analysis of the longevity of Trichogramma pintoi after storage of the parents 
Source of variation DF SS F P value 
host species 1 61.898 39.58 <0.001 
parasitoid stage 2 27.177 8.69 <0.001 
storage temperature 4 94.763 15.15 <0.001 
host species x  parasitoid stage 2 0.494 0.16 0.854 
host species x  storage temperature 4 12.342 1.97 0.098 
parasitoid stage x  storage temperature 8 26.952 2.15 0.030 
host species x  parasitoid stage x storage temperature 8 16.494 1.32 0.233 
Error 348 544.205   

 
TABLE 6 

Longevity (mean ±SE) of Trichogramma pintoi after storage of the parents 
 parasitoid stage 

Larva  
parasitoid:stage 
Pre-pupa 

parasitoid:Pupa  

-5 6.08±0.37 AB 
n=24 

6.04±0.22 A 
n=24 

5.87±0.25 B 
n=24 

0 4.41±0.25 C 
n=17 

6.07±0.29 A 
n=26 

6.36±0.25 AB 
n=25 

5 5.76±0.32 B 
n=21 

6.14±0.19 A 
n=27 

5.96±0.28 B 
n=28 

10 5.66±0.29 B 
n=18 

6.30±0.28 A 
n=26 

6.32±0.25 AB 
n=25 

25 (control) 6.90±0.21 A 
n=31 

6.90±0.21 A 
n=31 

6.90±0.21 A 
n=31 

      Means in each column followed by same capital letter do not differ  
 

TABLE 7 
Results of the GLM analysis of the parasitism rate of Trichogramma pintoi 

Source of variation DF SS F P value 

host species 1 4760.88 126.62 <0.001 
parasitoid stage 2 1902.67 25.30 <0.001 
storage temperature 4 12232.23 81.33 <0.001 
host species x parasitoid stage 2 12.49 0.17 0.847 
host species x storage temperature 4 702.83 4.67 0.001 
parasitoid stage x storage temperature 8 1684.92 5.60 <0.001 
host species x  parasitoid stage x storage temperature 8 449.67 1.49 0.159 
Error 288 10828.81   
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TABLE 8 
Parasitism rate of Trichogramma pintoi after 

storage of the parents  
(storage temperature x host species) 

Storage 
temperature 

Ephestia 
kuehniella 

Cadra 
cautella 

-5 65.63 C a 60.32 B a 
0 68.63 C a 64.31 B a 
5 74.50 BC a 64.17 B b 
10 78.43 B a 69.57 AB a 
25 88.70 A a 76.30 A b 

Means in each row followed by same lowercase 
letter do n  
Means in each column followed by same capital 
letter do not differ statistically  

 
 

TABLE 9 
Parasitism rate of Trichogramma pintoi after 

storage of the parents  
(storage temperature x parasitoid age) 

Storage 
temperature 

Larvae  Pre-
pupae 

Pupae 

-5 51.33 D b 68.47 B a 67.30 B a 

0 57.81 CD 
b 

70.25 B 
a 

70.35 B 
a 

5 66.25BC 
a 

69.95 B 
a 

71.80 B 
a 

10 73.25 AB 
a 

73.60 
AB a 

75.15 
AB a 

25 80.43 A 80.43 A 80.43 A 

Means in each row followed by same lowercase 
 

Means in each column followed by same capital 
letter do not  
 
 
DISCUSSION 

The success of biological control programs 
with egg parasitoids depends on the ability to 
produce these natural enemies in high numbers for 
the management of pest insects. Storing parasitized 
eggs for different time periods can help synchronize 
parasitoid production with demand. Most studies of 
cold storage have been focused on Trichogramma 
species[15] [29] [30] due to its value in biological control 
programs against many Lepidoptera pests.  

Temperature is one of the major environmental 
variables affecting the development, reproduction, 
longevity, and survival of parasitoids, as well as the 
parasitism performance and progeny production. 
Our results on progeny quality show that extending 
cold storage of the parental generation at -5, 0 C has 
a detrimental effect on the incidence of parasitism of 
the host and also development time, emergence ratio 
and life span.  

Compared the control group the parasitism rate 
of T. pintoi decreased by 14.45%, 11.9%, 11.3% 
when stored -5, 0 and 5 C respectively. We found 

high parasitism rate on the host E. kuehniella (Table 
8). When an immature parasitoid is exposed to low 
temperature, the females that survive the treatment 
have a greatly reduced fecundity[15] [31][32]. This is in 
accordance with Kidane et al. (2015) [33], the rate of 
Bemicia tabaci (Hemiptera: Aleyrodidae) 
parasitized by Encarsia sophia (Hymenoptera: 
Aphelinidae) was significantly affected by the 
temperature and period for which they were stored. 
Similarly, Chen et al. (2008)[34]reported that female 
reproductive capacity, hence parasitism capacity, of 
Gonatocerus ashmeadi Girault (Hymenoptera: 
Mymaridae) was decreased due to cold storage. 
Gharbi (2014) [35]show that F1 progeny of 
Trichogramma oleae from stored pupae were able to 
parasitize up to 3 weeks of storage, but parasitism 
rate decreased at storage period longer than three 
weeks at 4 C.  

Life span of T. pintoi was affected by -5  C and 
storage on different host was also influenced the life 
span (Table 5 and Table 6).  Foerster et al. (2004) 
[36]found that mean longevity of Trissolcus basalis 
(Wollaston) and Telenomus podisi (Ashmead) 
(Hymenoptera: Scelionidae) were significantly 
lower when pupae were transferred to 15ºC at the 
beginning of the pupal stage. Kidane et al. (2015) 
[33]noted that the longevity of E. sophia was 
significantly decreased when the pupae were stored 
at 4°C for 13 14 days. Kidane et al. (2015)[33] was 
explained this situation such as longevity of 
parasitoids that emerge from cold stored pupae 
depends on the energy reserves available at 
emergence. Ismail et al. (2010)[37] report a direct 
relationship between consumption of lipids during 
storage and reduction in longevity of Aphidius ervi 
(Haliday) (Hymenoptera: Braconidae). Hence, as 
insects do not feed at low temperatures their survival 
depends on their energy reserves, which may become 
seriously depleted by being stored for a long period 
[38]. 

This research confirm emergence rates of 
parasitoid progeny increased as the storage 
temperature increased. It is advantageous to store on 
the pupal period and on the E. kuehniella for T. 
pintoi. Liu et al. (2014) [39] reported that the 
emergence rate from parasitized pupa of 
Tetrastichus brontispae (Ferriere) (Hymenoptera: 
Eulophidae) was not significantly different than the 
control (26oC) after 10 d storage at 10 C, whereas it 
was significantly lower after storage periods of 20 
and 30 d. Trichogramma nerudai Pintureau and 
Gerding (Hymenoptera: Trichogrammatidae) pupae 
were more tolerant to cold storage, however 
emergence rate of T. nerudai was negatively affected 
when storage time[18]. In accordance with Gharbi 
(2014)[35] for T. oleae. Adult emergence of T. oleae. 
F1 generation was adversely affected by cold storage 
at 4  C and pupal stage of this parasitoid is 
appropriate stage for storage [35] 

The development time of T. pintoi increased 
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consistently with the storage at -5, 0, 5 and 10 C for 
all stage of parasitoid (larval, pre-pupal and pupal) 
and host (E. kuehniella and C. cautella). This 
increase is more on the larval and pre-pupal stage 
and on C. cauella. Observed differences between the 
experimental group and the control group are due to 
the storage temperature, biological stage of 
parasitoid and host species. Firake & Khan (2014)[40] 

reported that developmental period was least 
affected when parasitoids were exposed in the pupal 
stage. This stage has been suggested to be more 
tolerant of temperature extremes. T. chilonis and T. 
poliae pupae were found to be more tolerant to 
temperature variations than eggs and larvae by 
[40]Based on the results of this experiment, the 10 
days of storage T. pintoi pupae at 5 and 10 C could 
be useful for inundative biological control strategies. 
E. kuehniella was a better host than C. cautella for 
the cold storage of T. pintoi. Development of cold 
storage methods for mass rearing may help to a 
reduction of cost for biological control and to a 
flexibility in production.  
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ABSTRACT 
 

Soil compaction and forest floor removal are 
two most common disturbances caused by forest 
harvesting practices and mechanical site 
preparation in forest soils. Those forest activities 
can affect soil physical and chemical properties 
such as aeration, water storage, temperature, 
infiltration and flow, susceptibility to erosion, and 
heat transfer. However, effects of those forest 
activities on biological processes such as forest 
litter decomposition have been received less 
attention. The objectives of this study were to 
determine the variation in initial litter  quality 
variables (carbon, nitrogen, cellulose, lignin) of 
three tree species and differences between the site 
factors of the disturbed sites from forest harvesting 
activities as forest floor thickness, soil texture, fine 
and coarse fragments, loss on ignition, bulk density, 
porosity, soil compaction (penetrometer), 
dispersion rate, soil carbon and nitrogen content, 
soil pH, soil moisture content and water content in 
the forest floor. Among the site factors, one or more 
factors could be used to explain the differences in 
litter mass loss rates observed between the 
disturbed sites. Results indicate that low-lignin 
litter (chestnut litter) was more responsive to the 
site disturbance activities than the high-lignin litter 
(Scots pine and fir litters). Of the soil and forest 
floor factors, mass loss was strongly positively 
correlated with forest floor water content (r = 0.975, 
P < 0.001), soil water content (r = 0.924, P < 
0.001), forest floor thickness (r = 0.779, P < 0.01), 
and soil nitrogen content (r=0.646, P < 0.05) 
whereas negatively correlated with soil compaction 
(r = 0.793, P < 0.01). This indicates that among the 
soil and forest floor characteristics, soil and forest 
floor water content, and soil compaction after the 
site disturbance activities were having the greatest 
effects on litter mass loss rates.  
 
 
 
 

KEYWORDS: 
Litter decomposition, Site disturbance, Soil compaction, 
Scalping, Turkey 
 
 
INTRODUCTION 

 
Forest management practices, such as logging, 

harvesting and mechanical site preparation have 
been reported to be the most significant soil and site 
disturbances, particularly affecting soil compaction, 
soil porosity and organic matter removal on forest 
soils [1, 2, 3, 4]. Impact of soil compaction and 
organic matter removal on soil physical and 
chemical properties and tree growth have been also 
widely studied by many researchers [5, 6]. 
However, effects of soil compaction and organic 
matter removal on biological processes in forest 
soils have been received less attention [7, 8]. 
Among soil biological processes, forest litter 
decomposition is known to be fundamental 
biological soil process, and is important to many 
ecosystem functions such as the formation of soil 
organic matter, the mineralization of organic 
nutrients, and the carbon balance [9]. It is estimated 
that the nutrients released during litter 
decomposition can account for 69-87% of the total 
annual requirement of essential elements for forest 
plants [10]. It is widely known that litter 
decomposition is controlled by three main factors: 
climate, litter quality and the nature and abundance 
of the decomposing organisms [11, 12]. Climate is 
the dominant factor in areas subjected to 
unfavorable weather conditions, whereas litter 
quality largely prevails as the regulator under 
favorable conditions [13, 14]. The immediate 
changes to factors such as microclimate, soil biota, 
and nutrient availability that might occur after soil 
disturbance could affect litter turnover and the 
ability of these ecosystems to sustain their 
biological productivity. There have been some 
contrast results in the literature about the impact of 
harvesting on microbial biomass, results are varied 
with microbial biomass decreasing [15], increasing 
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[16] or remaining constant [7]. It has been reported 
that after a forest disturbance particular groups of 
soil microorganisms became more prevalent [17]. 
The effect of forest harvesting on soil 
microorganisms also depends on climate and forest 
type. Forest thinning had reduced soil microbial 
biomass and activity in European beech forests on a 
cool moist site; however, there was increased soil 
microbial biomass on a warm dry site of the same 
forest type [18]. The decomposer community of 
coniferous forest soils has also been reported to be 
resistant to initial environmental changes induced 
by forest harvesting [19]. In their study, 
Kranabetter and Chapman found that soil 
compaction had inconsistent effects on 
decomposition rates (k) for forest floor and scalped 
treatments and, overall, did not significantly affect 
litter decomposition rates [20]. 

Soil compaction reduces soil porosity and can 
affect soil physical and chemical properties such as 
aeration, water storage, temperature, infiltration and 
flow, susceptibility to erosion, and heat transfer [3, 
8, 21]. It has been also shown that the soil physical 
environment, soil nutrient availability, and 
biological properties such as mycorrhizal inoculum 
can be affected by removal of forest biomass or 
forest floors [1, 22]. Although a number of 
researchers have studied the influence of forest 
stands and site organic matter on litter 
decomposition for alternative harvesting regimes 
[23, 24], for whole-tree logging [25] and for 
broadcast burning [26], only a number of field 
studies have yet examined the combined effects of 
site disturbance from forest harvesting (losses in 
soil porosity and site organic matter) on litter 
decomposition [20].  

Few studies concerning litter decomposition 
[12, 13, 27, 28, 29, 30] and particularly on effects 
of harvesting activities on litter decomposition [31] 
have been available in literature from Turkey. In 
this present study, we carried out more detailed 
study on (1) initial litter quality variables (carbon, 
nitrogen, cellulose, lignin) of three tree species and 
(2) site factors of the disturbed sites from forest 
harvesting activities as forest floor thickness, soil 
texture, fine and coarse fragments, loss on ignition, 
bulk density, porosity, soil compaction 
(penetrometer), dispersion rate, soil carbon and 
nitrogen content, soil pH, soil moisture content and 
water content in the forest floor which have been 
shown by a number authors as the factors to 
strongly affected decomposition processes [32, 33]. 
 

 
MATERIALS AND METHODS 

 
Description of Study Sites. The study sites 

were located within Kastamonu Regional 
Directorate of Forestry (Karadere Forestry 
Operation Directorate, Handüzü Forest Sub-district 

Directorate), in northwest of Turkey 

sites were representative of Scots pine, Trojan fir 
and sweet chestnut ecosystems. The altitudes of the 
study sites were 300 m for Sweet Chestnut, 1530 m 
for Scots pine stands and 1630m for Trojan fir 
above sea-level. Average slope was 60% for Sweet 
Chestnut, 30 % for Scots pine stands and 30 % for 
Trojan fir. Aspect of the study site was North (N) 
for Sweet chestnut and Scots pine, and Northeast 
(NE) for Trojan fir stands. In the study sites, 
terrestrial climatic conditions exist, i.e. winters are 
long, cold and snowy, whereas summers are short, 
warm but some years so dry. The seasonal and daily 
temperatures show big extreme values and 
precipitation is generally low. The weather data for 
1975-2010 (Kastamonu Meteorology Station, at 
800 m) indicate that precipitation averages 490 mm 
annually. Average monthly temperatures range 
from 20.2 oC in July to -0.8 oC in January. Soil type 
is generally Brown Forest Soil Type in the region 
[27].  

The study region consists of a variation of 
pure and mixed broadleaf (Fagus orientalis, 
Castanea sativa, Quercus petraea, Carpinus 
betulus) and conifer stands (Pinus nigra, Pinus 
sylvestris, Abies nordmanniana 
ssp.Bornmuelleriana) with ages between 90 and 
180 years. We selected the pure stands of Scots 
pine with 100-110 years old, Trojan fir with 120-
130 years old, and Sweet chestnut with age of 
approximately 160-170 years, homogenous soils 
and the same slope position (NW). 

 
Sample Collection and Preparation. Foliar 

litter of Scots pine, Trojan fir and Sweet chestnut 
was sampled in September 2013. At each tree 
stands, freshly fallen foliar litter was collected from 
five trees and bulked to form a representative 
sample for each tree species. The selected Scots 
pine and Trojan fir were approximately 90 100 
years old and 25 30 m high, and Sweet chestnut 
were 70 80 years old and 15 20 m high. Litter 
material showed no signs of discoloration or of 
obvious mycelial development at this stage. The 
samples were air-dried in the laboratory and then 
oven-dried at 85°C for 24 h. The oven-dried foliar 
litters were slightly crushed by hand, and the largest 
fragments of petiole in leaf samples were removed. 
All samples were then stored in plastic bags at 6 0C 
until required for chemical analyses. 

To understand the driving forces of different 
decomposition rates according to the site 
disturbance from forest harvesting; forest floor 
thickness, soil texture, fine and coarse fragments, 
loss on ignition, bulk density, porosity, soil 
compaction (penetrometer), dispersion rate, soil 
carbon and nitrogen content, soil pH, soil moisture 
content and water content in the forest floor which 
have been shown by a number authors as the factors  
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FIGURE 1  

Location of the study area 
 

to strongly affected decomposition processes [e.g. 
32,33] were determined in details.  

Soil and forest floor samplings were also 
conducted in the autumn of 2013. The soil and floor 
samples were collected from (1) soil compacted 
site, (2) scalped site, (3) under residual remains, 
and (4) control sites for each tree species. A soil 
core device with an inner diameter of 5 cm was 
used for soil sampling to a depth of 20 cm. Mineral 
soil sample cores were taken from 0 10 cm and 10
20 cm soil depth, and passed through a 2 mm sieve 
to remove stones and gravel. 

 
Soil Analysis. Soil pH was measured in a 

1:2.5 mixture of deionized water and soil using a 
glass calomel electrode (Origon 420 digital pH 
meter), after equilibration for 1h. Soil texture 
analyses were done on soil samples from the 0 20 
cm layer. Soil pH was determined for soil samples 
from the 0 20 cm layer. The moisture content of 
soils was calculated by weight loss after drying 
aliquots of ca. 10 g of soil for 24 h at 105 oC. Soil 
samples collected from the field were sieved 
(<2mm) and the remaining larger structural 
aggregates (> 2mm) were calculated. Soil texture 
was determined using a Bouyoucos hydrometer in a 
soil suspension of 50 g of soil in 1 L of H2O [34, 
35]. Soil carbon content was determined with using 
a Leco dry combustion element analyzer. Total N 
was determined by Kjeldal digestion [36] followed 

by analysis of ammonium by the indophenols 
method using an auto-analyser samples for 2 days 
at 105 0C. Soil compaction measurements were 
performed, using a 300 angled penetrometer over a 
10 cm profile in 5cm increments. Bulk density was 
determined by weight loss after drying the 
undisturbed soil core samples for 2 days at 105 oC 
[37]. Particle density was measured using the 
picnometer method [37]. Porosity of soils was then 
calculated using the formula as %porosity = 100% - 
(bulk density / particle density) x 100. Dispersion 
ratio was obtained by dividing the amount of silt 
plus clay that was easily suspended by shaking the 
soil in pure water by the total quantity of silt plus 
clay that was present. Dispersion ratio less than 15 
was non-erosive soil, bigger than 15 was erosive 
soil [39]. 

 
Analysis of Plant Materials. The stored leaf 

and needle litters were oven-dried at 85 0C, and 
then ground in a laboratory mill to a mesh fraction 
less than 1 mm. The ground litters were then 
analyzed for organic carbon, total nitrogen, ADF 
(acid detergent fibre), lignin and cellulose. Organic 
C was determined by wet oxidation [40]. Total N 
was determined by Kjeldahl digestion [36] followed 
by analysis of ammonium through the indophenol 
method using an auto-analyser. Acid detergent fibre 
(ADF), a-cellulose and lignin were determined 
using an ADF-sulphuric lignin method [41]. ADF  
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TABLE 1  
Concentrations of Carbon (C), Nitrogen (N), Acid Detergent Fiber (ADF), Lignin and Cellulose, and 

Ratio of C:N and Lignin:N in Scots pine (Pinus sylvestrisL.), Trojan fir (Abies nordmanniana ssp. 
Bornmuelleriana )and Sweet chestnut (Castanea sativa L.) litter (n = 4) 

 
 Carbon Nitrogen ADF Lignin Cellulose. C : N Lignin : N 
 (%) (%) (%) (%) (%) ratio ratio 

Scots pine 47,0 1,32 56,3 35,4 20,9 36 : 1 27 : 1 
Trojan fir 45,4 1,21 66,5 37,6 28,9 38 : 1 31 : 1 
Sweet chestnut 51,3 1,45 53,4 21,1 31,7 35 : 1 15 : 1 

 
 

was calculated as mass loss after heating a 0.5 g 
tared sample for 1 h with acidified cetryltrimethyl 
ammonium bromide and filtering the suspension 
through a tared glass sinter, and subsequent drying 
and reweighing. Similarly, cellulose was calculated 
by mass loss after acidification of the ADF with 
72% H2SO4, and lignin content was calculated from 
the residual mass of filtrate after ignition at 550 0C 
for 2 h. Organic analyses were carried out in 
triplicate. 

 
Data Analysis. One-way ANOVA (analyses 

of variance) was applied for analyzing the effects of 
soil disturbances from forest harvesting on the 
forest and soil properties such as soil pH, forest 
floor water content, and soil water content for Scots 
pine using the SPSS program (Version 20.0 for 
Windows). Following the results of ANOVAs, the 

mass losses between site disturbances and tree 
species were also tested for significance using 
analysis of variance (ANOVA). Relationships 
between forest floor and soil properties and mass 
losses were determined by linear regression using 
the SPSS program. 

 
 

RESULTS 
 
Litter Chemistry. Mean concentrations of 

total C, N, ADF, lignin and cellulose, and ratios of 
C:N and lignin:N in the freshly collected Scots 
pine, Trojan fir and Sweet chestnut litter are given 
in Table1. Total C concentration was 47.0 % for 
Scots pine, 45.4% for Trojan fir, and 51.3% for 
Sweet chestnut. N concentration was 1.45% for 
sweet chestnut, 1.32% for Scots pine and 1.21% for 
trojan fir. Trojan fir had the highest ADF (66.5%) 
and lignin (37.6%) concentration, whereas sweet 
chestnut had the lowest ADF (53.4%) and lignin 
(21.1). Cellulose concentration was 31.7% for 
chestnut, 28.9% for Trojan fir, and 20.9% for Scots 

pine. Carbon: N ratio was 38:1 for Trojan fir, 36:1 
for Scots pine, and 35:1 for sweet chestnut. Lignin: 
N ratio was 31:1 for Trojan fir, 27: 1 for Scots pine 
and 15:1 for sweet chestnut. 

 
Soil and Forest Floor Analysis. Mean soil 

and forest floor characteristics of the disturbed and 
control sites in Scots pine stands are given in 
Table2. Forest floor thickness, water content and 
soil water content were highest under the residual 
remains and lowest at the scalped sites. Compared 
to the control sites, the disturbed sited had lower 
fine fragments, but higher or equal coarse 
fragments (Table 2). Soil bulk density and soil 
compaction were highest at the scalped site 
followed by soil compacted sites, the residual 
remains and control sites (Table 2). Dispersion ratio 
was higher at the compacted and scalped sites than 
the control and under residual remains whereas soil 
porosity was lower at the compacted and scalped 
sites than the control and under residual remains 
(Table 2). Compared to the control sites, soil carbon 
and nitrogen content were lower at the disturbed 
site (Table 2). However, soil C: N ratio did not 
show significant variation between the control and 
the disturbed sites. Soil texture and pH values also 
did not vary significantly between the control and 
the disturbed sites (Table 2).  

 
Litter Decomposition versus Soil and Forest 

Floor Characteristics. Results of litter 
decomposition dynamics of Scots pine, Trojan fir 
and sweet chestnut tree litter within the three 
disturbed sites from forest harvesting and the 
control site were previously denoted [31]. The site 
disturbance activities from the forest harvesting 
significantly affected litter decomposition rates, but 
the differences in litter decomposition rates varied 
with tree species (Table 3). The main effects of the 
site disturbances from the forest on litter mass loss 
of three tree species were all significant at the 95% 
level. 
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TABLE 2  
Soil and forest floor characteristics of the disturbed and control sites in Scots pine stands 

 

Site characteristics Control Compacted soil 
Under residual 
remains 

Scalped 

Forest floor 
thickness (cm) 

5b 1c 15a 0.5c 

Water content in 
forest floor (%) 18c 15c 25a 10b 

Soil moisture (%) 3.11a 2.80b 3.48a 2.65b 
Sand (%) 84 81 80 83 
Clay (%) 6 7 7 7 
Silt (%) 10 12 13 10 
Fine fragment (%) 51a 42b 36b 41b 
Coarse fragment 

(%) 
49b 58a 64a 49b 

pH (H2O) 5.99 6.09 6.08 5.95 
Loss on ignition 13.2a 8.82b 13.8a 11.2a 
Bulk density 0.82c 1.29b 1.16b 1.69a 
Penetrometre/Soil 

compaction 
1.85c 4.35b 2.32c 5.74a 

Dispersion ratio 76.7b 91.0a 75.4b 87.7a 

Porosity 25a 10b 20a 16b 
Soil Carbon 3.67a 1.87b 2.33b 1.15c 
Soil Nitrogen 0.25a 0.15a 0.21a 0.11b 
Soil C:N ratio 15 : 1 12 : 1 11: 1 10 : 1 

 
TABLE 3 

 Decay constant (k) after 18 months and the time required for 50 % and 95% mass losses under the four 
experimental sites for the three tree species [31]. 

 
 
In this study, to estimate the degree of 

relationship between mass losses, soil and forest 
floor factors, a correlation matrix was created using 
the litter decomposition data from the control and 
the disturbed sites (Table 4). Of the soil and forest 
floor factors, mass loss was strongly positively 
correlated with forest floor water content (r = 0.975, 
P < 0.001) (Figure 2), soil water content (r = 0.924, 

P < 0.001) and forest floor thickness (r = 0.779, P < 
0.01), whereas negatively correlated with soil 
compaction (r = 0.793, P < 0.01). This indicates 
that among the soil and forest floor characteristics 
measured, soil and forest floor water content, and 
soil compaction after the disturbance from the 
forest harvestings were having the greatest effect on 
litter mass loss rates. 

 

Species Treatment k±sd T50 (year) T95 (year) 

Scots pine 

Control  0,4285±0,066 2,33 7,00 

Soil compacted  0,3858±0,076 2,59 7,78 

Under residual remains 0,4710±0,070 2,12 6,37 

Scalped  0,4164±0,185 2,40 7,20 

Trojan fir 

Control  0,3505±0,059 2,85 8,56 

Soil compacted  0,3683±0,075 2,71 8,14 

Under residual remains 0,3683±0,064 2,72 8,15 

Scalped  0,3237±0,045 3,09 9,27 

Sweet chestnut 

Control  0,5158±0,048 1,94 5,82 

Soil compacted  0,4347±0,078 2,30 6,90 

Under residual remains 0,3802±0,039 2,63 7,89 

Scalped  0,3187±0,008 3,14 9,41 
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TABLE 4  
Regressions between litter mass losses and site characteristics of the disturbed and control sites in Scots 

pine stands 
 

Site characteristics r2 Correlation 
Forest floor thickness (cm) 0.779** + 
Water content in forest floor (%) 0.975*** + 
Sand (%) 0.342 - 
Clay (%) 0.129 - 

Silt (%) 0.453 + 

Fine fragment (%) 0.024 - 

Coarse fragment (%) 0.497 + 
pH (H2O) 0.405 + 
Soil moisture (%) 0.924*** + 
Loss on ignition 0.370 + 
Bulk density 0.122 - 

Penetrometer/Soil compaction 0.793** - 
Dispersion ratio 0.596* - 

Porosity 0.204 + 
Soil Carbon 0.392 + 
Soil Nitrogen 0.646* + 
Soil C:N ratio 0.128 + 
 
 

Control site

Soil compacted site

Under residual remains

Scalped site

y = 0,8831x + 27,613

30

35

40

45

50

5 10 15 20 25 30

M
a
s
s
 l
o
s
s
 (
%

)

Forest Floor Water Content (%)  
 

FIGURE 2  
Relationship between mass losses and forest floor water content from the  three disturbed sites from forest 

harvesting and the control site 
 

DISCUSSION AND CONCLUSIONS 
 

Site disturbance in consequence of forest 
harvesting activities is known to be able to 
influence significantly litter decomposition 
dynamics [31]. Differences in litter decomposition 

rates among the site disturbance activities were 
generally significant, but varied strongly among 
tree species. More pronounced and significant 
variations were noted for sweet chestnut, followed 
by Scots pine litter and Trojan fir litter. In the 
present study, the results indicated that those 
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differences in litter decomposition rates among the 
disturbed sites and between three tree species could 
be attributed to the differences in initial litter 
quality variables of tree species and also the 
differences in soil and forest floor characteristics 
varied by site disturbance.  

These different responses among the tree 
species could be related to differences in initial 
litter quality variables, especially lignin 
concentrations. Initial lignin concentration ranged 
from 21.1 in chestnut litter to 35.4% in Scots pine 
litter to 37.6 % in Trojan fir litter. The low-lignin 
litter (chestnut litter) was more responsive to the 
site disturbance activities than the high-lignin litter 
(Scots pine and fir litters). Different responses in 
litter decomposition rates among litter of different 
tree species were also shown for other forestry 
activities by a number of researches. For example, 
natural forest gaps, aspen litter with the lowest 
lignin concentration (96 g kg-1) showed a weak 
trend of increasing rate of decomposition over 5 
years with increasing opening size compared to 
Douglas-fir litter with 128 g kg-1, and lodgepole 
pine (Pinus contorta) litter with 188 g kg-1 lignin 
concentration [42]. It is also found that aspen leaf 
litter was the only substrate that decayed faster in 
clear-cuts than in adjacent forests [43]. On the other 
hand, it is also stated that oak, beech and chestnut 
trees that litter with low lignin concentrations 
(chestnut litter) tended to be more responsive to 
canopy openings compared to the other two tree 
species [30]. In this present study, as far as it is 
known, it has been shown for the first time that 
litter decomposition dynamics differently respond 
to the site disturbance activities among litter of 
different tree species. 

As shown in many studies, three main factors 
can significantly influence litter decomposition 
rates. These are environmental conditions (climate), 
chemical composition of the litter, and soil 
organisms [11,13]. Since the chemical composition 
of the Scots pine litter were constant, differences in 
k rates likely resulted from changes in 
microclimate, soil properties or soil organisms. In 
this present study, all these factors were not studied 
in details, but in order to understand the driving 
forces of different decomposition rates according to 
the site disturbance from forest harvesting; forest 
floor thickness, soil texture, fine and coarse 
fragments, loss on ignition, bulk density, porosity, 
soil compaction (penetrometer), dispersion rate, soil 
carbon and nitrogen content, soil pH, soil moisture 
content and water content in the forest floor were 
only determined in details in Scots pine stand. The 
results showed that the mass loss was strongly 
positively correlated with forest floor water content 
(r = 0.975, P < 0.001) (Figure 2), soil water content 
(r = 0.924, P < 0.001) and forest floor thickness (r = 
0.779, P < 0.01), whereas negatively correlated 
with soil compaction (r = 0.793, P < 0.01). 

There were two kinds of effects of 
forest management on forest soils. The first, direct 
effect was an alteration of soil properties such as an 
increase in bulk density following passage of heavy 
equipment. The second effect of management on 
soils was indirect; a change in site productivity due 
to alteration of soil properties. A number of 
researchers have reported that forest management 
practices decrease soil evapotranspiration, increase 
soil temperature and its diurnal fluctuations, and 
create a large amount of debris and dead roots that 
are easily decomposed by soil biota [5, 44, 45, 46]. 
In addition, forest-harvesting machinery causes soil 
compaction and uneven forest floor displacement or 
disturbance, and common site preparation practices 
such as harvest residue removal and forest floor 
scalping can affect site organic matter (OM) 
content and soil porosity, the two ecosystem 
properties most likely to impact long-term soil 
productivity [4]. It is stated that bulk density 
between 1.40 and 1.55 Mg m3 is considered as the 
critical level at which plant roots cannot penetrate 
soils with light and medium texture [2, 47]. In 
compacted plots in this present study, bulk density 
exceeded 1.69 Mg m3, the critical value (Table 2). 
Such high bulk densities may adversely affect soil 
biological properties and processes, thereby 
affecting soil productivity. When air filled porosity 
falls below 10% of the total soil volume, microbial 
activity and plant growth can be severely limited in 
most soils [48]. Soil compaction and forest floor 
removal reduced the water content of forest floor, 
probably as a consequence of reduced water 
infiltration rate and greater runoff of water [44]. 
With reduced forest floor and mineral soil content, 
soil compaction can affect microbial populations 
and activity [49, 50, 51], and this present study 
there was no indication that Scots pine litter was 
quickly colonized by microbes on the compacted 
forest floor plots. The compacted and scalped soil, 
however, had slower decomposition during all 
sampling interval. This suggested that the scalping 
and compaction treatment was severe enough to 
reduce microbial activity at the soil surface. 

Arthropods and other soil fauna could have 
also influenced litter decomposition directly, by 
physical breakdown (comminution) and microbial 
grazing [52]. Coleman et al. (1990), for instance, 
found that decomposition rates increased in forest 
soils treated with biocides [53]. Other authors found 
soil mesofauna populations reduced by soil 
compaction and scalping on some plots [54]. 
Theoretically, these treatments could affect k rates 
through reductions in microbial grazing. On the 
other hand, a number of researchers have been 
emphasizing that by changing the proportions of 
macro- and microporosity, soil compaction could 
cause oxygen deficiency and protect organic 
material and microbial biomass against degradation 
by microorganisms and microfauna, and could 
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concomitantly inhibit microbial activities and 
reduce N mineralization rates [55, 56]. However, 
following harvesting soil biota may become 
adapted to poor soil aeration and increase anaerobic 
decomposition under increased soil wetness and 
reduced air filled porosity in boreal forest soils 
[57]. Much uncertainty remains on the effects of 
soil compaction on biological properties and 
processes in boreal forest soils. 

Forest management activities are necessary 
parts of forestry, and we may have minimal control 
over the circumstances under which they are carried 
out. Alterations of soil physical chemical and 
biological properties have been documented, but 
the effects on litter decomposition are less well-
documented. This study has shown that litter 
decomposition rates are significantly influenced by 
the site disturbance activities from the forest 
harvesting, but the degree of variation in litter 
decomposition rates show differences with tree 
species. It is sure that the site disturbance activities 
from the forest harvesting change microclimate, 
soil properties or soil organisms and thus vary litter 
decomposition rates. Our results show that among 
the soil and forest floor characteristics measured, 
soil and forest floor water content, and soil 
compaction after the disturbance from the forest 
harvestings have the greatest effect on litter mass 
loss rates. In order to improve our understanding of 
the factors that affect forest litter decomposition, 
we need more studies in details which consider all 
three factors together (microclimate, soil properties 
or soil organisms). A better understanding of the 
effects of the site disturbance activities on litter 
decomposition rates and its variation with tree 
species will enhance forest management methods 
and activities. 
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ABSTRACT  

In this study, the spawning biomass of the 
European Anchovy Engraulis encrasicolus 
(Linnaeus, 1758) found in Edremit Bay in the 
Aegean Sea was estimated using the Daily Egg 
Production Method (DEPM). The study was 
conducted in July 2010. For the determination of 
the daily egg production (P0), the eggs of the 
European Anchovy were collected with a WP2 
model plankton net at 23 predetermined stations in 
the bay. In order to determine the batch fecundity 
and the spawning frequency, adult fish specimens 
were caught with boat-seine and trawl boats. The 
biomass parameters were calculated as follows: 
daily egg production (P0): 36.52 eggs/m2, average 
weight of mature females (W): 10.78 g, sex ratio 
(R): 0.61, batch fecundity (F): 4345 eggs, spawning 
frequency (S): 0.18. Consequently, the stock 
biomass of the European Anchovy found in Edremit 
Bay was calculated to be 403.9 MT. 
 
 
KEYWORDS:  
European anchovy, Engraulis encrasicolus, Daily egg 
production method, Edremit Bay, Aegean Sea. 

 
 

INTRODUCTION 

The family Engraulidae consisting of 17 
genera and 145 species is one of the families 
comprising the most well-known fish species in 
world seas. Engraulis encrasicolus (Linnaeus, 
1758) can be found from Scandinavia to West 
Africa along East Atlantic shores. It is also found in 
the Mediterranean, the Black Sea and the Azov Sea 
[1]. The European Anchovy is the only species of 
the genus Engraulis that can be found in the seas of 
Turkey. In our study, the Daily Egg Production 
Method (DEPM) was used in the estimation of the 
stock biomass of the European Anchovy. The 
method is distinct from the pisciculture developed 
for Clupeidae and Engraulidae which spawn during 
the spawning season as in most Clupeidae and has 
been applied to various important European 

Anchovy stocks throughout the world. There have 
been studies on the European Anchovy carried out 
in Biscay Bay [2,3], Northwest Mediterranean [4,5], 
North Aegean Sea [6,7] and the Sicilian Channel 
[8]. Furthermore, ichthyoplankton studies have 
shown that especially European Anchovy eggs and 
larvae were predominant in the gulf [9]. Therefore, 
the spawning biomass of the European Anchovy in 
this area preferred by the European Anchovy for 
reproduction was estimated using the Daily Egg 
Production Method for the first time which the 
researchers expect will contribute to future studies. 

 
 

MATERIAL AND METHODS 

Edremit Bay in northern Aegean Sea is 
situated in the south of the Biga Peninsula between 
39°17´N and 39°34´N latitudes, and 26°57´E and 
26°34´E longitudes. The study was carried out in 
the second half of July 2010, the maximum 
spawning season of the European Anchovy. Egg 
and adult specimen studies were conducted 
simultaneously within the period of one day 
between 10:00 and 05:00 the next day. As a result, 
two different sampling methods, one for 
ichthyoplankton and the other for adult fish, were 
used. 

 
Sampling of eggs. Ichthyoplankton sampling 

was conducted at a total of 23 stations covering an 
area of 489.4 km². The towing was carried out 
vertically using a WP2 model zooplankton net and 
the surface water (0-5 m) temperatures were 
measured with a thermometer at each station during 
the study. The European Anchovy eggs located 
were classified using the embryonic developmental 
system of Moser and Ahlstrom (1985) [10] 
consisting of 11 stages. Then, the ages of the 
classified eggs were identified. In order to estimate 
the daily egg production (P0) of the European 
Anchovy eggs whose ages were identified. In our 
study, the following equation was used for the 
estimation of P0: , is 
the average age of an egg from the i-th stage at 
temperature t. [11]. In order to calculate P0, a 
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multiple regression equation was used taking into 
account the temperature at 0-5 m depth [7]. 

 
Sampling of adults. Due to the purse-seine 

ban for the duration of the study in the summer of 
2010, adult European Anchovy specimens were 
collected with 2-hour boat-seine hauling and 2 trawl 
samplings (hours 10:00, 14:30, 17:00, 18:00 and 
05:00). The samples were fixed in a 10% buffered 
formalin solution. The body weight with and 
without gonad, and the total length (TL, cm) were 
measured in the fish samples brought to the 
laboratory. Gonad maturity was determined by 
appearance and the ovaries of adult females were 
kept in a 10% buffered formalin solution for batch 
fecundity and histological analysis. In order to 
determine whether there was a statistical difference 
between female-male ratios in the samples, the Chi-
squ  The batch fecundity was 
determined by counting the hydrated oocytes in the 
ovaries of a total of 50 mature females using the 
gravimetric method. For this purpose, three 0.01 g 
sub-samples were taken from the anterior, median 
and posterior of each ovary. The hydrated oocytes 
in each sub-sample were counted and their 
diameters were measured. Day-1 postovulatory 
follicles defined by Hunter and Macewicz (1985) 
[12] were used for the estimation of the spawning 
frequency. For this purpose, histological 
preparations were prepared from the ovaries of 
mature females. In the study, Day-1 POFs were 
used to estimate the spawning frequency. 

 
The DEPM model. The spawning biomass 

was estimated according to the model described by 
Parker (1980) [13]; , where B is 
the spawning stock biomass in metric tons; A the 
total survey area (in m² per sampling units); k the 
conversion factor from grams to metric tons; P0 the 
number of eggs per sampling unit (m² per day); W 
the average weight of mature females (grams); R 
the sex ratio (fraction of mature females by weight); 
F the batch fecundity (average number of eggs per 
mature female) and S the fraction of mature females 
spawning per day. 

 
 

RESULTS 

Daily egg production. Only 1 day-old eggs 
referred to as Day-0 were encountered in our study 
as the water temperature in the survey area was 25.8 
°C, which is a fairly high value. A multiple 
regression analysis was performed between the 
expected and observed values in our samples. Our 
regression model is as follows: P0 = -
0.245+3.846(Day-0)+0.009T. The significantly 
high correlation coefficient of 0.999 demonstrates 
that the daily egg production can be represented 
99% in relation to temperature and time (Fig.1).  

TABLE 1 
DEPM parameter for European Anchovy in 
Edremit Bay (CV: coefficient of variation) 

 
DEPM Parameters  
Daily egg production, P0 
(eggs/m2/day) 

36.52 

Sex ratio, R (fraction of mature 
females by weight) 

0.61 
(CV=0.19) 

Average weight of mature 
females, W (g) 

10.78 
(CV=0.29) 

Batch fecundity, F (mean number 
of eggs per mature female) 

4345 
(CV=0.32) 

Spawning fraction, S 0.18 
(CV=0.21) 

Survey area, A (m2) 
Spawning stock biomass, B (MT) 

489.4x106 
403.9 
(CV=0.26) 

 
 

 
FIGURE 1 

Multiple regression model predicting daily egg 
production (P0) 

 
According to the results of the multiple regression 
analysis, P0 was predicted to be 36.52 eggs/m². 

 
Adult parameters. 269 (62%) of 433 

European Anchovy specimens collected during the 
research were female and 130 (30%) were male. 
The sex of 34 specimens (8%) could not be 
identified. Female:Male sex ratio was 1:0.48. The 

statistical difference between the female-male ratios 

identified females were mature and the average 
weight (W) of mature females was found to be 
10.78 g (CV=0.29). A study was carried out using 
50 ovaries to determine the batch fecundity. The 
batch fecundity was found to be between 2023 and 
6891 eggs, and the mean batch fecundity of a 
mature female was found to be 4345±392 
(CV=0.32) (gonad-freeweight: 6.73-20.17 g). The 
relationship between batch fecundity and fish 
weight without ovaries was determined using a 
linear regression analysis (Fig.2). Female 
specimens with hydrated oocytes were encountered 
especially in the samples collected at 17:00 and  
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FIGURE 2 
Regressions of batch fecundity (F) on ovary-free weight (WGF) 

 
TABLE 2 

Comparison of DEPM parameters with other studies 
Author Locality      P0 W (g) F S R 
Motos and Uriarte,1993 Biscay Bay 85.40 17.9 9246 0.25 0.56 
Garcia and Palomera,1996 Catalan Sea 64.30 14.3 4958 0.31 0.64 
Palomera,2001 Ligurian Sea 49.87 14.2 4894 0.32 0.63 
Mazzola et.al.,2000 Sicilian Channel 43.99 14.1 5871 0.17 0.55 
Somarakis, 1999 NE Aegean Sea 25.21 25.6 7781 0.15 0.51 
Somarakis, 1999 NW Aegean Sea 19.75 22.7 5128 0.13 0.61 

 
18:00. Sampling was carried out between 10:00 and 
05:00 the next day. As a result, the time elapsed 
after the time of maximum spawning (00:00) was 
29 hours and only Day-1 POFs were encountered as 
the water temperature during sampling was 25.8 °C, 
which is a fairly high value. Therefore, only Day-1 
POFs were used in the determination of the batch 
fecundity. Postovulatory follicles (POFs) were 
especially encountered in the samplings carried out 
at 10:00 and 18:00. The batch fecundity calculated 
based on POF-1s was 0.18 (CV=0.21). 
Consequently, the spawning biomass in Edremit 
Bay was estimated to be 403.9 tons (CV=0.26). 

 
 

DISCUSSION AND CONCLUSIONS 

In the study, only Day-0 eggs were used in the 
calculation of the daily egg production (P0) due to 
the high water temperature (25.8°C), and a multiple 
regression analysis was performed for P0 as the 
number of stations and samples was lower than in 
other studies. On the other hand, the exponential 
mortality model [14] was used in the other studies 
in the calculation of daily egg production. 
Especially in comparison to the studies carried out 
in NE and NW Aegean Sea where the water  

 

 
temperature values were similar to ours, it is 
possible to see that the yolk-sac stages were also 
used and that the P0 value in the NE Aegean was 
25.21 (Table 2). 

The average weight of mature females is quite 
high in other studies. The difference in the fishing 
equipment used in catching the adult fish could 
have resulted in this disparity. Whereas purse-
seines and pelagic trawls were used in other studies; 
in our study, adult fish samples were collected with 
boat-seines and the sampling was carried out at 
places closer to the shore. Fecundity is mostly 
dependent on adult female weight [15]. The batch 
fecundity (F) was found to be 4345 eggs/batch in 
our study. The W values and therefore the batch 
fecundity in the studies conducted in the Catalan 
and Ligurian Seas and the Sicilian Channel are 
similar to those in our study. On the other hand, the 
fairly high W values and consequently the batch 
fecundity values in the studies carried out especially 
in Biscay Bay and NE and NW Aegean Sea support 
this information.  

Upon inspection of the sex ratio, the females 
are more predominant in both our study and other 
studies. Both Alheit et al. (1984) [16] in their 
studies on E. ringens and Klingbeil, 1978 [17]; 
Parrish et al. (1986) [18] in their studies on E. 
mordax revealed that the females were more 

F = 281.94WGF + 698.63
r² = 0.524
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predominant. They suggested that the reason could 
be the higher tendency of the females carrying 
hydrated oocytes to be caught and their consequent 
high ratio of sampling. 

Only Day-1 POFs were used in the estimation 
of the spawning frequency as the time period in 
which the sampling was carried out in the study was 
29 hours after the time of maximum spawning and 
the water temperature was relatively high (25.8°C). 
This is due to the fact that POF degeneration is 
quite fast in high water temperatures and, as a 
result, Day-2 POFs can rarely be encountered in 
histological preparations [6]. In the studies 
conducted in Biscay Bay and Catalan and Ligurian 
Seas Day-1 postovulatory follicles were used, 
whereas Day-1+Day-2 postovulatory follicles were 
used in the study carried out in the Sicilian Channel, 
and Day-0+ Day-1 postovulatory follicles were 
used in the study carried out in NE and NW Aegean 
Sea for the determination of the spawning 
frequency. However, these are related to the times 
of sampling. The sampling times were between 
22:00 and 05:00 in the studies in the Aegean Sea. 
As a result, it is quite natural for Day-0 
postovulatory follicles to be used. The European 

fishing industry. To date, the acoustic method was 
used in European Anchovy stock estimation studies 
in Turkey. This study conducted with the purpose 
of estimating the spawning female biomass of the 
European Anchovy in Edremit Bay is the first study 
where the DEPM widely used throughout the world 
was applied in the seas of Turkey. Therefore, our 
study shall certainly contribute to future studies. 
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ABSTRACT 
 

Two compounds from chloroform extract of  
Artemisia monosperma plant  had been separated 
and identified as insecticidal activity. The purified 
fractions I and  fraction II  were separated and their 
chemical structure studied by GC-MS spectroscopic 
analysis . The results proved the presence of 2  
Naphthalenemethanol,decahydro - Alpha, Alpha, 4a 
,8-Tetramethyl-didehydro derive.,[ 2R-( EZ Alpha, 
4a alpha, 8 a , beta)} and 1-phenyl,1-0ne, 2,4 
hexadiyne  which  having insecticidal activity 
against house fly. The above TLC purified fractions 
which had a single compound (By GC-MS 
analysis) gave 15 to 20 time more toxic as 
insecticidal than the crude chloroform extract. Then 
we could use these natural compounds as 
insecticidal activities instead of using synthetic 
compounds to protect human from diseases. 
 
 
KEYWORDS: 
Artemisia monosperma , insecticidal, bicyclohexyl-ol 
derivative   and phenyl-diacetylene derivative 
 
 
INTRODUCTION 

 
Higher plants offer an excellent source of 

biologically active natural products as antioxidant 
activity and acaricidal activity against Tetranychus 
urticae Koch [1]. Essential oil from Artemisia 
anomala (Compositae) was analyzed by gas 
chromatography-mass spectrometry (GC-MS). 
Thirty-three compounds, accounting for 97.46 % of 
the total essential oil, were identified and the main 
components represented as camphor (15.47%), 1,8-
cineole (15.41%), caryophyllene oxide (9.27%), 
borneol (7.78%), and caryophyllene (6.55%) 
followed by spathulenol (4.57%) and carvone 
(4.32%). The essential oil has higher content of 
(55.27%) of sesquiterpenoids than monoterpenoids 
; 40.29%  [2].  While the essential oil isolated from  
Artemisia dracunculus were trans-Anethole 

(28.06%), Z- -ocimene (15.79%),  Terpenolene 
(10.12%), Elemecin (10.08%), 1, 8 cineole (7.71%) 
and  copaene (2.78%), [3] .  

The potential of crude extracts of Syzygium 
cumini (pomposia) were evaluated as  acaricidal 
and proved high activity against Tetranychus 
urticae Koch. On the same time these extracts had 
potent anticancer and antioxidant activities .The 
results showed that the ethanol extract had stronger 
antioxidant and anti-leukemia activities than the 
other ones. Spectroscopic methods data of active 
ingredients separated from ethanol extract indicated 
that S. cumini fruit extracts contained phenolic 
compounds, such as Kaempferol 7-O-methylether 

-Sitosterol responsible for their 
antioxidant and anticancer activities[1,4] .Chemical 
analysis of  Artemisia. monosperma oil detected the 
presence of hydrocarbon terpenes, oxygenated 
terpenes, hydrocarbon sesquiterpenes and 
oxygenated sesquiterpenes represented about 
21.53%, 57.17%, 19.32%, 1.70%, of the oil content 
and have acaricidal activities against Tetranychus 
urticae Koch .On the same time control of 
Tetranychus urticae Koch was carried out by three 
different extracts of essential oils such as marjoram 
and Eucalyptus and of chamomile [5].  The 
essential oil of A. rupestris was approved by GC-

-terpinylacetate (37.18%), 
-terpineol (10.09%), and 

linalool (7.56%), followed by 4-terpineol (3.92%) 
and patchoulol (3.05 [2]. Methanolic extracts of 
selected medicinal plants, Arnica montana, Apis 
mellifica, Uva ursi, Urtica urens, Digitalis purpurea, 
Cicuta virosa, Sambucus nigra and Thuja 
occidentalis were evaluated for their insecticidal 
(on the stored grain pest, Tribolium castaneum) and 
antioxidant activity [6] and potent anticancer [4] . 
Artemisia granatensis, through its chemical and 
biological proved the presence of eudesmanolide 
along with six sesquiterpenes ,nine monoterpenes, 
one nor-monoterpene , three acetylenic spiroacetal 
enoleters and one coumarin have been identified 
from the aerial plant ethanolic extract. Acetylenic 
spiroacetal enoleters and coumarins have been 
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isolated from the transformed root ethanolic extract. 
These extracts and some isolated compounds or 
mixtures of them have been tested for their insect 
antifeedant effects against Spodoptera littoralis, 
Myzus persicae and Rhopalosiphum padi. 
Significant antifeedant properties were determined 
for the aerial plant extract, spiroacetals . Aqueous 
extract of Artemisia monosperma contained 
phenolic compounds and flavonoids that might be 
implicated as allelochemicals agents.  While, 
Aqueous extract of Artemisia monosperma inhibit  
protease activity  and led to accumulation of free 
amino acids and protein contents in germinated 
bean [7] .Studies were carried out to investigate the 
insecticidal activity of essential oils of four plants 
such as Datura stramonium, Eucalyptus 
camaldulensis, Moringa oleifera and Nigella sativa 
against three major insect pests viz., Tribolium 
castaneum, Trogoderma granarium and 
Cryptolestes .The results demonstrate that the 
essential oils of investigated plants can be used as 
fumigant to control insect [8] .Larvicidal potential 
of different solvent crude (hexane, chloroform, 
ethyl acetate, acetone and methanol) leaf extracts of 
four plants [Blepharis maderaspatensis, Elaeagnus 
indica, Maesa indica, Phyllanthus wightianus and 
Memecylon edule] was tested against the fourth-
instar larvae of Aedes aegypti. All the tested 
extracts showed moderate to good larvicidal 
activities. However, the maximum larval mortality 
was detected in acetone extract of E. indica (LC50 
90.89, LC90 217.21 and LC99 441.88 ppm) 
followed by M. indica acetone extract (LC50 
173.21, LC90 289.86 and LC99 441.04 ppm). 
These results revealed that larvicidal properties of 
the medicinal plants [9].  On the other hand 
investigation has been carried out to study the 
possibility of enhancing Trichoderma spp. with low 
dose gamma radiation for biodegradation of 
carbofuran pesticide 10]   

 In this investigation four fractions (pet-ether , 
CHCl3, EtOAc and n-BuOH )were  tested for the 
insecticidal activity after additional separation and 
purification on TLC Silica gel plates and 
identification were carried out using GC-MS  as 
described in materials and methods .Two purified 
compound abbreviated as I and II separated by TLC 
plates and identified by GC-MS as new insecticidal 
activity to be taken in the consideration of Pest 
integrated management . The second main purpose 
to use natural pesticide extract activity instead of 
using synthetic pesticides [11] and without 
affecting human health [12]. 
 

 
MATERIALS AND METHODS 

 
Artemisia monosperma (Aadar ) was collected 

from the Borg El-Arab region, Alexandria. The 
plant was identified by direct comparison with an 

authentic sample kept at the Department of 
Botany, Faculty of Science, Cairo University, 
Egypt. 

 
Extraction of active insecticidal 

compounds: Extraction of active ingredient and 
tested as Pesticides according to [13].   as follows : 
Air-dried of  Artemisia monosperma (Aadar ) 
leaves were extracted exhaustively with a mixture 
of pet-ether : MeOH (1 : 1) at room temperature. 
The extract was filter and supernatant was 
evaporated to dryness with rotary evaporator. The 
dried extract was fractionated successively with 
pet-ether , CHCl3, EtOAc and n-BuOH.  The four 
fraction were fractionated by TLC on system of 
Hexan:acetic (7:3).The CHCl3 extract out of the 
four fraction   was chromatographed on a silica gel  
using of Hexan:Acetic (9 :1) and two compound 
were designated as compound  I and II . Fraction I 
and II  were separated and analyses by GC-MS with 

ss selective 
detector 5767 with column HP-5 MS (30 m, 0.25 
mmid). Capillary column using splitters or direct 
injection of 1 μl were used with oven temperature 
program: 50 ºC to 250 ºC at 10 ºC | min . The 
system equipped with library NBS 75 K MS; EIMS 
at 70 e.v.  
 

 
RESULTS 

 
The results of TLC separation proved that the 

crude extract of Artemisia monosperma  as well as 
fraction I and fraction II from chloroform extract   
showed insecticidal activities  compared to DDT as 
standard  [2, 9].   Chloroform, as well as fraction I 
and II   were separated in TLC sheets of silica gel 
and detected by U.V. exposure as shown on the 
following Fig (1)  
The purified fractions I and II from chloroform 
extract  having Rf values of 0.38 and 0. 53 
respectively were shown Fig (1) .Insecticidal 
activity against house fly of the crude chloroform 
extract and the purified fraction of I and II by TLC 
were shown in the following Table (1 ) and used  
DDT for comparing data. 

LD50 in mg/g topical application, LC50 in  μg / 
cm2 film application; 

The results showed that crude chloroform 
extract as well as fraction I and II showed 
insecticidal activity toward house fly.  The purified 
fractions insecticides activity is very closed to DDT 
(0,17, 0.13 and 0.10) respectively . TLC purified 
fraction of I and II gave a single compound (By 
GC-MS analysis) which have 15 to 20 time more 
toxic than the crude crud extract. The results 
approved by studied of bioactive constituents of 
Artemisia [2].   GC-MS analysis of the purified 
fraction I and II proved that the retention time of  
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FIGURE 1  
TIC Chromatogram of Chloroform extracts as well as fraction 3 in two systems in Silica gel sheets.

 
 

Table (1)  
LD50 and LC50 of crude as well as purified fractions 

 
Extract house fly ,LD50  LC50 
Crude extract   2.21 ± 0.012 85 
TLC purified fraction I 0.17± 0.011 6 
TLC purified fraction II 0.13± 0.002 5 
DDT as standard 0.10± 0.001 3 
 
 

 
 

FIGURE 2   
GC separation of fraction I with retention time of 11.18 min 

 
 

 
 

FIGURE 3   
GC separation of fraction II with retention time of 14.67 min 
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FIGURE 4  
Mass Spectrum scan of fraction 3-1  with retention time of 11.177 min 

 
 

these fractions are 11.18 and 14.67 respectively 
(Fig 2 and 3 ). 

The insecticidal active compound of fraction I 
proved that 94 % matched with quality identical to 
(2 naphthalene methanol, decahydro - Alpha, 
Alpha, 4a, 8-Tetramethyl-didehydro derive ,[ 2R-( 
EZ Alpha, 4a alpha, 8 a , beta)} with the following 
formula C15H26O with (m / z of 222.2) . The 
chromatogram spectral GC-MS analysis is shown in 
Fig (4 ). 

The mass spectral analysis of the fraction I  (2 
 naphthalene methanol, decahydro - Alpha, Alpha, 

4a ,8-Tetramethyl-didehydro derive ,[ 2R-( EZ 
Alpha, 4a alpha, 8 a , beta)} proved the presence of 

m / z as follows : 222, 204, 189, 175, 164, 149, 135, 
122, 108, 81 67 and 59 as cited from the Library 
NBS 75 K .  The expected structural of the 
molecule was (Fig 5). 

The structural of the expected fraction is very 
-

eudesmol,( Fig 5) which have MW of 222.37 with 
formula C15H26O (Fig. 6) and exist as characteristic 
essential oil component of the intact and in vitro 
organized root of chamomile [Chamomilla recutita 
(L.) identified by Gas chromatography (GC) and 
GC-mass spectrometry14].  

 

 

 
   

FIGURE 5  
Structure of compound I and -Eudemsol 
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FIGURE 6 

 structure of 1-phenyl, 1 one, 2,4 hexadiyne and capillene 
 

 
On the other hand the purified fraction II  after 

GC-MS spectral analysis had a molecular formula 
of C12H8O with Molecular weight of  m / z of 169  . 
The structure was approved by GC-MS library and 
described as 1-phenyl,1 0ne, 2,4 hexadiyne and 
have the following structure Fig (6)  

The compound of 1-phenyl,1- 0ne, 2,4 
hexadiyne is very closed to capillene essential oil 
with  MW of 154 and separated from family: 
Asteraceae and  showed the   presence of phenyl 
alkynes (85.5%) and  capillene   82.9%, 
respectively besides 1-phenyl-penta-2,4-diyne [15] 
as  shown in Fig (6). It is very important to declare 
that this is the first time to identify these 
compounds. 

 
 
DISCUSSION AND CONCLUSIONS 
 

The molecular structures of these di-alkynes 
are rarely occurring in significant amounts in 
essential oil and seem to be a class of molecules 
mainly occurring in certain species of Artemisia. 
High level of 5-phenyl-1,3-pentadiyne which has 
previously been reported as a significant component 
in Artemisia capillaris [16]. On the other hand 
simple acetylenic hydrocarbons known to be 
biologically active insecticides isolated from 
species in the Asteraceae which had mosquito 
activity 17 -  19]. Finally natural extracts of plants   
are advisable to be used as insecticides activity. 
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ABSTRACT 

Construction and demolition (C&D) waste has 
become a serious environmental problem in many 
countries. The C&D industry in Istanbul currently 
generates about 55 million tons of waste per year. 
Quantifying C&D waste generation is regarded as a 
prerequisite for the implementation of successful 
waste management. This paper describes some 
existing C&D waste quantification methodologies. 
A case study in which the Fatta et al. estimating 
model was applied to estimate the generation of 
C&D waste in Istanbul is also presented and 
compared to the current estimation results. The 
study has evaluated C&D waste quantification and 
showed the differences of the results. It is 
recommended that being on the safe side the new 
estimation results are taken while planning the 
recycling and landscaping areas of the city and the 
country for the future. Also an inventory of all 
C&D waste generated in the country can be carried 
out in order to assess the feasibility of large scale 
recycling and storing of C&D waste to choose the 
most suitable and applicable method and to direct 
future studies for better quantification methods. 

 
 

KEYWORDS:  
Construction and Demolition Waste; Waste Generation 
and Management; Estimating System; Quantification 
Methodology; Istanbul. 
 

INTRODUCTION 

Construction and demolition (C&D) debris has 
been identified as a priority waste in many 
countries because of its quantity and complexity. 
C&D waste that is dumped into forest, streams, 
ravines and empty lots causes erosion, contaminates 
wells, water tables and surface waters, attracts 
pests, creates fire hazards and detracts from the 
beauty of natural areas [1]. In addition, clean-up 
and disposal of illegally dumped material does have 
a cost. Therefore, buildings that produce less waste 
and impact on the environment are called to be 
environmentally friendly. Use of recyclable and 
durable building materials reduces the amount of 
debris as well.  

High volume construction debris causes 
environmental concerns due to the limited capacity 
of landfills [2]. For instance, C&D waste 
contributes more than 50% of all landfill volume in 
the UK [3], and 70 million tons of C&D waste is 
discarded each year [4]. Also, it has been reported 
that construction activities generated approximately 
20 30% of all waste in Australia, which were 
entering to the landfills [5]. Moreover, U.S. 
construction industry generated 136 million tons of 
C&D waste per year [6], and about 29% of solid 
waste stream in the U.S. created by the construction 
sector [7]. Additionally, Poon [8] has stated that the 
annual generation of C&D waste in Hong Kong 
between 1993 and 2004 doubled and have reached 
the amount of 20 million tons in 2004. 
Approximately 23% of the solid waste in Hong 
Kong comes from the construction sector activities 
[9,10]. A huge amount of construction waste 
streams in different countries have revealed the 
importance of local actions in order to manage, 
recycle and re-use the waste generated through the 
lifecycle of buildings. In this context, the 
management of C&D waste has become one of the 
major environmental issues in the construction 
industry [11].  

The first step towards construction and 
demolition (C&D) waste management is to 
determine its generated amount [12]. Estimation of 
national or regional C&D waste generation can be 
performed given that the information and data are 
available and accessible [13,14]. Accurate 
estimation can be satisfied by developing waste 
quantification model that is applicable for regional 
or nationwide C&D waste generation. Construction 
authorities could benefit the annual estimates for 
predicting the lifespan of existing yet depleted 
landfill areas, or assessing the feasibility of C&D 
waste recycle program [14 16].  

In this study, different quantification models 
available from literature is introduced and 
implemented for quantifying regional and 
nationwide C&D waste generation. Models 
reviewed herein focuses on the estimates of 
building-related C&D debris from construction, 
demolition, and renovation projects which consist 
of residential and non-residential buildings. The 
waste generated from public works and  
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TABLE 1  
Total waste generated from excavation, construction and demolition (C&D)  

activities in Istanbul between 2010-2014 (million tons/year) [20] 
Year 2010 2011 2012 2013 2014 

Total C&D and 
Excavation waste 
(million tons/year) 

23 28 45 67 68a 

a Estimated according to the total amount of C&D waste (16.8 million tons)  
                reported for the end of March 2014. 

 
TABLE 2  

Construction and demolition (C&D) waste generation assumptions in years (ton)  
 

Year 1 2 3 4 5 6 

2015 3.727.921 3.555.700 3.643.206 3.727.921 3.494.720 3.391.436 
2020 5.059.754 4.676.205 4.762.007 4.735.510 4.543.310 4.321.730 
2030 9.319.477 7.897.618 7.776.710 6.917.666 7.433.642 6.692.690 
2040 17.164.358 12.923.445 11.959.638 5.682.746 11.649.359 8.393.774 
2050 31.606.665 20.487.132 17.317.120 3.527.141 17.482.948 8.527.161 

 
TABLE 3 

 
Year 1 2 3 4 5 6 

2015 27,959,405 26,667,751 27,324,044 27,959,405 26,210,401 25,435,767 
2020 37,948,158 35,071,536 35,715,051 35,516,326 34,074,823 32,412,974 
2030 69,896,079 59,232,136 58,325,325 51,882,492 55,752,314 50,195,177 
2040 128,732,684 96,925,836 89,697,288 42,620,598 87,370,192 62,953,307 
2050 237,049,987 153,653,492 129,878,400 26,453,558 131,122,108 63,953,708 

 
 
infrastructure projects were not considered due to 
lack of available data. The models are not 
universally applicable, as the amount of C&D 
debris generated in any region or nation depends on 
the general economic conditions of the vicinity, the 
weather, the major disasters in the region, type and 
size of the projects (i.e., residential or non-
residential), the local regulations, and the 
construction technology employed [13,17,18].  

In consideration of the foregoing facts, this 
study briefly focuses on the current C&D waste 
quantification estimates in Istanbul, a city that 
generates the highest C&D waste because of the 
high construction and demolition activities which 
can be attributed to the the highest poputation and 
the highest population growth rate in Turkey. For 
the calculations presented in this study, Fatta et al. 
[19] model is selected. Our results are 
quantitatively compared with the current C&D 
waste generated and provide recommendations for 
further studies in establishing more accurate and 
reliable waste quantification models for local and 
nationwide implementations.  

 
 
 
 
 

 

MATERIALS AND METHODS 

C&D Waste Generation in Istanbul: 
Existing Quantities Comparing with the New 
Estimation Model. The direct determination of the 
general quantities and the exact composition of 
C&D waste is difficult. In this part, the existing 
data - models are reviewed and compared with the 
new calculation of the C&D waste quantities. The 
existing estimation models for the C&D waste 
quantities are as following.  

 
Statistics provided by ISTAC (Istanbul 

Metropolitan Municipality Environmental 
Protection and Waste Materials Recycling 
Industry and Trade Company). Total waste 
statistics reported by ISTAC generated from 
excavation, construction and demolition activities 
in Istanbul from 2010 to 2014 are given in Table 1 
[20]. In addition to the data given in Table 1, the 
annual average generation of excavation, 
construction and demolition waste was calculated to 
be about 55 (million tons/year) (2 milyon tons/year 
C&D waste + 53 million tons/year excavation 
waste) based on the data provided by ISTAC in the 
year 2014 [20]. This data is used for comparative 
purposes in Section 3.5. 
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Reverse Logistics - Population Growth 
Model. In this calculation, it is estimated that the 
annual increase/decrease of C&D waste generated 
from infrastructure, road, bridge, 
maintenance/repair, construction and demolition is 
3% according to the population. As summarized in 
Tables 2 and 3, the construction, excavation soil 
and demolition waste generations were determined 
as 1500 kg/person/year for excavated soil and 200  
kg/person/year for C&D waste [21]. 

 
ISTAC 2012 Report - 20 Year Projection 

Including the Urban Regeneration. A report is 
prepared about the C&D waste generation quantity, 
management and projections for next 20 year period 
by ISTAC in 2012. According to the related part the 
C&D waste quantity, including the urban 
transitions of the city for the twenty year period, is 
calculated with the following basic assumptions: 

(a) As of 2012, there are approximately 
410,000 buildings with 5,600,000 residential units 
in Istanbul. A research project prepared in 2002 by 
Japan International Cooperation Agency (JICA) 
and Istanbul Metropolitan Municipality (IMM) 
shows that 74.4% of the building stocks are 
reinforced-concrete-steel (RCS) and 21.7% of them 
are brick-wood-other (BWO) structured [22]. The 
projected total number of residential units under the 
risk of the earthquake is 1,700,000 which include 
all 1,215,200 BWO and 484,800 RCS structured 
units which were build before the year 2000. The 
calculation of the C&D waste quantity per square 
meter (m2) for the BWO and RCS buildings is 
given in Table 4. The average size of the 
corresponding residential unit is 100 m2. The 
demolition waste generation is calculated for 
1,700,000 under risk units (which include all the 
1,215,200 BWO and 484,800 RCS structured units 

built before year 2000) and given in Table 5. 
As it can be seen from the Table 5, the total 

expected demolition waste is approximately 150 
million tons from the projected demolition of the 
1.7 million under risk residential units in 20 years.  

(b) ISTAC assumes the excavation waste 
generates the 86.5% of the total waste with the help 
of their statistics. 960,000,000 tons of excavation 
soil waste is calculated from the assumption for the 
new construction activities during the twenty year 
regeneration time [23]. 

 
New Assumption (Fatta et al. model). Fatta 

et al. [19] developed the model with a different 
waste density

introduced, and waste generation rate employing 
volume per area weight per 

area
The construction waste (CW) model estimates the 
generation of waste that derives from construction 
of new buildings (i.e., apartment buildings, houses, 
public buildings, industrial buildings, offices, 
hospitals, commercial buildings, etc.). This waste 
covers  all kinds of materials (i.e., leftovers of 
cement, bricks, aluminum, wood cavities and 
frames, tiles, marbles, etc.) used in construction of 
buildings. However, bfore the construction of a new 
building, the excavation phase occurs for 
foundations and groundworks (i.e., parking, 
storage, etc.). It is noted that the waste that derives 
from the excavation phase are excluded. On the 
other hand, the DW model estimates the generation 
of waste that derives from demolition of old 
buildings [24].  

The applied models for C&D activities, 
respectively, are as follows [19]: 

CW = [NC + EX] × VD × D     (1) 

 
TABLE 4 

Construction and demolition (C&D) waste quantity per m2 for the BWO & RCS Buildings  
(adapted from ISTAC [23]) 

 
Material BWOa Unit RCSb Unit Density Unit 

Concrete 0.25 m3/m2 0.38 m3/m2 2.4 ton/m3 
Metal 22 kg/m2 34 kg/m2 - - 
Bricks 0.2 m3/m2 0.15 m3/m2 0.9 ton/m3 

         a BWO: brick-wood-other, b RCS: reinforced-concrete-steel. 
 

TABLE 5 
Expected demolition waste generation from the 1.7 million residential units  

(adapted from ISTAC [23]). 
 

Material BWOa (ton) RCSb (ton) Demolition waste (ton) 

Concrete 72,912,000 44,213,760 117,125,760 
Metal 2,673,440 1648,320 4,321,760 
Bricks 21,873,600 6,544,800 28,418,400 
Total 97,459,040 52,406,880 149,865,920 

        a BWO: brick-wood-other, b RCS: reinforced-concrete-steel. 
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VD is the volume of generated waste per 1000 
m2 = 60 m3/1000 m2, and D is the density of waste 
(D = 1.6 ton/m3 (the EU value is 1.5-2 ton/m3)) [19] 
and  

DW = ND × NF × SD × WD × D  (2) 
where DW is the demolition waste in tons, ND 

is the number of demolitions, NF is the mean 
number of floors in the building (NF = 1.3), SD is 
the surface of each building to be demolished (SD = 
130 m2), WD is the generation rate of each 
demolition (WD = 0.8 m3/m2), and D is defined in 
the previous equation. 

It is noted that whenever a demolition of a 
building occurs it is mostly accompanied with an 
excavation phase. In several countries, the quatities 
of excavation waste (EW) is either included in the 
CW or DW [24]. If the same model [19] is used, the 
applied equation for the excavation soil waste is:  

EW = ND × ES × ED × D                       (3) 
where EW is the excavation waste in tons, ND 

is the number of licenses of new constructions in 
Istanbul, ES is the excavation surface in m2, ED is 
the mean value of excavation depth (ED = 3 m), 
and D is expressed in Eq. (1). 

 
 

RESULTS AND DISCUSSION 

Total Construction Waste Generation 
(ton/year). For Istanbul, NC = 111.984.710 m2 × 
0.21 = 23,351,678 m2/year, where 111.984.710 is 
the average construction area in Turkey between the 
years 2002 2013, and 0.21 is taken due to the fact 
that Istanbul has 21% of the total building stock of 
the country [25 27], VD = 60 m3/1000 m2 and D = 
1.6 ton/m3. It is noted that herein EX is considered 
to be zero, since NC is determined based on the 
reported statistics [26,27]. Using these values in Eq. 
(1), it is found that the construction waste estimated 
for istanbul is CW = 23,351,678 m2 × 60 m3/1000 
m2 × 1.6 ton/m3 = 2,241,761 ton/year. 

 
Total Demolition Waste Generation 

(ton/year). Taking NF = 4 [22,26,27], SD = 132 m2 
[26], WD = 0.8 m3/m2 (Greece national average is 
used since there is no national data) and D = 1.6 
ton/m3 (the EU value is 1.5-2 ton/m3) and using Eq. 
(2), we obtain DW = (1,700,000 units × 132 
m2/units × 0.8 m3/m2 × 1.6 ton/m3)/20 years = 
14,361,600 ton/year for Istanbul. 

 
Modification Waste (ton/year). None of the 

above approach includes the modification waste 
(MW) for the city. A research was done in Istanbul 
regarding the modification wastes. In this study, the 
amount of construction materials generated after 
modifications is calculated roughly to be 55,139 
tons, 40,909 tons of which corresponding to 74% is 

removed  
considered that the mentioned amount of waste has 
been generated from 70 residential buildings within 
15 years, annual waste generation per residential 
building after the modifications is 39 kg/year. 
According to the data of municipality in the year 
2004, number of registered residential buildings is 
850,000. If 77% of this amount has similar 
modifications, the estimated amount of construction 
waste would be approximately 25,000 tons/year 
[25].  

In consideration of the foregoing facts, MW 
for Istanbul = 850,000 × 2  × 0.77 × 39 kg/year 
/1000 = 51,050 ton/year, where 2 is taken due to the 
population growth. Therefore, the total C&D waste 
for Istanbul would be approximately 16.65 million 
tons/year (2.29 million tons/year new construction 
& modification and 14.36 million tons/year 
demolition wastes). 

 
Excavation Waste Generation. For Istanbul, 

ND = (111,984,710 m2 × 0.21)/200 m2 = 188,209 
units [26,27], where the value 200 is taken as the 
average residential unit surface (m2). Additional 
85,000 residential units per year have to be 
constructed according to the regeneration plans in 
twenty years [23]. Other researches confirm that 
approximately 250,000 units have to be constructed 
yearly in the city [28]. In the present study, the 
authors assumed 9,000 residential buildings (a 
seven-story, four-unit, 200 m2 surface areas per 
unit) constructed per year. Furthermore, it is 
assumed that each building refers to 1000 m2 
surface area. Using the values in Eq. (3), we obtain 
EW = 9,000 buildings × 1000 m2 × 3 m × 1.6 
ton/m3 = 43,200,000 tons/year for Istanbul. Turkish 
Statistical Institute Year 2000 building data shows 
75% of the buildings are in the residential area. If 
the non-residential buildings are included in the 
present calculation, the total amount will be EW = 
43,200,000 tons/year × 4/3 = 57,600,000 tons/year. 

 
Comparison of the Waste Generation 

Results. The actual amount of C&D debris 
generated in Istanbul is unknown. These researchers 
have the three sources [20,21,23] to compare with 
the new Fatta et al. [19] model application results 
for the city C&D and excavation soil waste 
estimation. There is a large disparity especially for 
the C&D waste between the Fatta et al. model 
(16.65 million tons/year) and the others (average 
quantity of the three assumptions is approximately 
5 million tons/ year). C&D and excavation soil 
waste generation amount in Istanbul is summarized 
and compared by using different 
models/assumptions in Table 6. 
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TABLE 6  
Construction and demolition (C&D) and excavation soil waste generation amounts in Istanbul  

using different models/assumptions (million tons/year). 

Waste type 

1 2 3 4 
Values calculated based 
on the data reported by 

ISTAC [20] 

Reverse logistics - 
population growth 
assumption (The 

average numbers of the 
years 2015 and 2030 
are used from the 5th 

assumption) [21]. 

ISTAC 2012 
report - 20 year 

assumption model 
including the 
regeneration 
projects [23]. 

New assumption - 
Fatta et al. [19] 

model 

C&D waste 2 5.25 7.5 16.65 
Excavation waste 53 40 48 57.6 

Total waste 55 45.25 55.5 74.25 
 
 
Some of the reasons for the difference 

between the existing models/assumptions could be 
explained as the following:  

(a) The third estimation study (ISTAC 2012 
report - 20 year assumption model including the 
urban transitions) underestimate the unit are as 100 
m2 instead of 130 m2 [23]. An addition to this, in 
their C&D waste estimation approach, only 
concrete, bricks and metals are considered as the 
materials. Additional composition studies that are 
more reflective of variety of construction styles in 
Turkey would help resolve this problem. Because 
of these two assumptions, this study underestimates 
the C&D waste amount. 

(b) Another major effect on the difference for 
the results is the exclusion of the demolition debris 
amount (in the studies  of statistics provided by 
ISTAC and Reverse Logistics - Population Growth 
assumption) expected from the 1.7 million 
residential unit regeneration project in twenty years. 

(c) Reverse Logistics - Population Growth 
study were determined as 1500 kg/person/year for 
excavated soil and 200 kg/person/year for C&D 
waste (same numbers from Greece). Recent 
European Union reports show the average 
assumptions about the above wastes increased as of 
2700 kg/person/year for excavated soil and 1090 
kg/person/year for C&D waste. More accurate 
results can be obtained if the recent numbers from 
European Union are used in this calculation. 

(d) This study shows that the current three 
methods should increase 200-300% of their C&D 
waste estimation numbers when compared with 
Fatta et al. model results. 

(e) The total C&D waste including excavation 
soil is found about 68 million tons for the year 2014 
based on the data announced by ISTAC [20]. This 
proves that the Fatta et al. [19] model is more 
accurate comparing with the other assumptions. 
The current landfills can only be in service for 
another 2 years with the capacity of 15.3 million 
tons leftover according to the ISTAC 2013 report. It 
will be more accurate and safe if the new estimation 
(Fatta et al. model) results are used for new landfill 
designs.  

It is obvious that most part of the housing 
stock must be transformed through demolition, 
retrofitting and reinforcement activities which 
should be applied in the short term due to high 
earthquake risk when the existing building stock of 
Turkey is considered. Thus, all these activities have 
been increased the C&D waste and the need for 
efficient waste stream management will be more 
important during this transformation process to 
sustainable housing stock with legal building codes 
[11]. It is also necessary to realize that encouraging 
improvement of methods and organizations to 
widespread the reuse and to reduce the C&D debris 
becomes very important and always provides 
economical and environmental benefits [25]. 

 
 

CONCLUSIONS 

In this study, Fatta et al. model was chosen to 
use as the new estimation method. Results are 
compared with the current C&D waste generation 
amounts while providing recommendations for 
further studies in establishing more accurate and 
reliable waste quantification model for local and 
nationwide implementations. To attain the goals of 
the national waste management plan and enhance 
the recycling of construction, demolition and 
excavation soil waste in Turkey, it is recommended 
that an inventory of all C&D, excavation soil waste 
generated in country to be created. This will 
provide information that can be used to assess the 
feasibility of large scale recycling of construction 
waste. Finally, research and development studies 
should be supported by the related governmental 
and private organizations at a national scale in order 
to revise and sustain the existing estimates of waste 
generation and management strategies. 
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ABSTRACT 

 
Two strains of heterotrophic denitrifying 

bacteria (C2 and C30) were screened from rural 
domestic sewage. In order to maximize the 
denitrifying ability of single strains, C2 and C30 
strain were mixed to construct an optimal complex 
denitrifying flora. It was found that with the volume 
ratio of C2 strain to C30 strain (numbers of living C2 
and C30 were 1.2×108CFU.g-1 and 2.3×107CFU.g-1, 
respectively) being 1:10, the complex flora had the 
best performance, greatly improving the denitrifying 
ability. After reacting for 40h, the ammonia nitrogen 
removal rate of complex flora was higher than that 
of single C2 and C30 strain by 15.37% and 34.06%, 
respectively. The complex flora with the volume 
ratio of 1:10 was applied to rural domestic water. At 
72h after inoculation, the removal rates of ammonia 
nitrogen and nitrate nitrogen in sewage reached 
85.82% and 43.17%, respectively. In conclusion, the 
C2+C30 complex flora features favorable 
denitrifying ability and is suitable for the treatment 
of rural domestic sewage with high nitrogen content. 
 
 
KEYWORDS:  

Hydrogenophaga pseudoflava sp.C2, Virgibacillus 

halodenitrificans sp.C30, complex denitrifying bacterial 

flora, rural sewage. 

 
 

INTRODUCTION 

 
Being a global environmental problem, water 

pollution seriously hampers the sustainable 
development of society and economy. As the world's 
largest developing country, China has a rural 
population of 760 million, resulting in a large 
amount of rural sewage. By contrast, 96% of Chinese 
villages lack sewage treatment systems[1]. The 

present distribution of rural population and mode of 
living leads to the scattered production of domestic 
sewage in villages. On this account, the treatment of 
such sewage becomes the focus of researches[2]. 
The technologies and operational modes of urban 
sewage treatment plants do not apply to the scattered 
sewage in villages[3]. With the accelerating rural 
development in China, both the types of rural sewage 
and nitrogen content in sewage increase 
continuously, imposing a grave difficulty on sewage 
treatment[4,5]. Unregulated discharges of nitrogen-
containing sewage cause surface water, groundwater 
contamination and air pollution, severely affecting 
residential environment and physical and mental 
health[6,7,8]. Due to the backward economy, it is 
unfeasible to popularize the technologies of high 
energy consumption and high cost in rural regions[9]. 
Therefore, a low-cost, extensively-applied and well-
adapted technology is in demand. 

Microbial denitrogenation is widely used in 
sewage purification. The basic method is to 
decompose organic nitrogen and ammonia nitrogen 
into N2, involving nitrification and 
denitrification[10]. Enhanced microbial nitrogen 
removal technology is to reintroduce a type of 
bacteria or a bacterial community of denitrification 
ability into the polluted environment, in order to 
promote the degradation and transformation of target 
pollutant[11]. At present, there have been plentiful 
reports on the bacteria with denitrification ability. 
The bacteria or bacterial communities that can 
remove nitrogen are separated from the same or 
similar growing environment[12,13,14]. Nitrogen 
degradation by microbes is a cost-effective and 
ecologically and environmentally beneficial 
technique[15]. It has been reported that the changes 
of external environment directly influence the effect 
of microbial denitrification, such as salt content, pH, 
and heavy metal content in sewage [16]. A single 
species of denitrifying bacteria is hard to be 
popularized and applied in different water bodies due 



© by PSP  Volume 25  No. 11/2016, pages 4760-4766    Fresenius Environmental Bulletin  

4761 

to weak capacity of resisting external disturbances 
and poor stability. By contrast, the complex flora is 
more stable and adaptable in aquatic ecosystems [17]. 
In the present work, the bacteria with nitrifying and 
denitrifying ability were screened from rural 
domestic sewage. Considering the feature of high 
nitrogen content in China's rural sewage, a high-
efficiency complex denitrifying flora was 
constructed and applied to rural domestic sewage, 
thereby providing technical support for the domestic 
sewage treatment in Chinese villages. 

 
 

MATERIALS AND METHODS 

 
Source of strains. The bacterial strains used in 

this study are screened from the domestic sewage of 
a village in Shiyan City, Hubei Province. 

 
Screening of strains. Enrichment. Medium 

for denitrifier: 0.48g of ammonium sulfate and 4.71g 
of succinic acid were dissolved in 50mL of trace 
element solution, and then the solution was diluted 
with distilled water to 1L; the pH was adjusted to 
7.0-7.2 (for the preparation of solid medium, an 
additional 2% agar is needed). Trace element 
solution: K2HPO4 3H2O 6.5g, MgSO4 7H2O 
2.5g, NaCl2.5g, FeSO4 7H2O 0.05g, and MnSO4

H2O 0.04g are dissolved in distilled water, and then 
diluted to the volume of 1L. 

By the sterile pipette, 10mL of rural sewage was 
taken and transferred into a 250mL conical flask 
containing 100mL of sterile denitrifier medium. 
Enrichment culture was performed on a shaker for 
three days at the rotation velocity of 160rpm and 
temperature of 30°C Diphenylamine was used to 
detect nitrifying bacteria. Subculture was performed 
until the appearance of nitrifying bacteria in 
enrichment medium. 

 
Screening and separation of heterotrophic 

denitrifying bacteria. The medium containing 
nitrifying bacteria was spread on the plate after 
limiting dilution. The plate was placed in a 
thermostatic incubator at 37°C for 48h. Then single 
colonies were picked up and inoculated on plate for 
streaking repetitively. The strain purification was 
over until there were no undesired bacteria observed 
under microscope. The purified strains were 
screened by ammonia nitrogen (NH4-N) removal 
experiments. The strains were inoculated in the 
liquid medium for denitrifier separately, and cultured 
for 48h at a constant temperature of 37°C. Then the 

NH4-N removal rate was tested, and the strains with 
over 85% removal rates were selected for subsequent 
experiments. 

 
High-density construction and culture of 

complex flora. C2 and C30 were activated and 
cultured for 24h. Both C2 and C30 were at the 
logarithmic phase, and the bacteria numbers were 
1.2×108CFU.g -1and 2.3×107 CFU.g -1, respectively. 
The C2 and C30 screened were inoculated in 
fermenter with the volume ratio of 10% and subject 
to high-density culture, wherein the complex flora 
was constructed with the C2-to-C30 ratio being 1:1, 
1:5, 1:10 and 1:15, respectively. The reaction 
receptacle was a 5L fermenter. The agitation rate of 
fermenter was 160rpm, ventilation ratio 1:1.5, the 
interval of agitation 2h, and agitating duration 2min. 
Reaction liquid was collected every 2h, to detect the 
residues of NH4-N and nitrate nitrogen (NO3-N). 

 
Sewage purification effect by complex flora. 

Into a 500mL conical flask, 200mL of domestic 
sewage was added. The optimal C2-C30 complex 
flora (volume 1:10) obtained via high-density culture 
were selected for test. The inoculation volume of 
complex flora was 20mL. The domestic sewage was 
derived from a residential area in Daliang Town, 
Wuqing District, Tianjin City, with the original NH4-
N and NO3-N content being 87.78mg/L and 
16.4mg/L, respectively. The residues of NH4-N and 
NO3-N in water sample were detected every 12h, 
with three replicates and an observational cycle of 
72h. 

 
Analysis methods. Culture samples were 

centrifuged at 10,000 rpm and filtered through a 
0.25-lm membrane filter. The filtrate was used for 
chemical analysis. Ammonium concentrations were 
determined by the Nessler assay at a Administration 
of China[18]. 

 
 

RESULTS AND DISCUSSION 

 
Screening and identification of C2 and C30. 

Two denitrifying strains, namely, C2 and C30 were 
obtained through screening. After being cultured at 
37°C for 24-72h, the colonies of the C2 strain 
became smooth and showed yellowish color. After 
Gram staining, they were found negative under 
microscope. The single bacterium showed slender 
rod-like shape, with the length of 0.3×0.6-
and the bacteria were arranged separately or in pairs
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Fig.1 . They featured central spores, elliptic shape, 
and the bulged sporocysts. The sequence length of 
16S rDNA gene was determined to be 1372bp after 
PCR amplification and sequencing. The gene 
sequence was submitted to Genbank for alignment, 
and a 99% homology was found between the C2 
strain and Hydrogenophaga pseudoflava 
ATCC33668T. In the MEGA 5.0 software, neighbor 
joining method was used to build a phylogenetic tree 
of 16S rDNA for this strain and the relevant species. 
Similarity computing was repeated for 1000 times, 
and only those with the Bootstrap values larger than 
50% were shown in the nodes of the phylogenetic 
tree. Based on the morphological, physiological and 
biochemical characteristics of the C2 strain and the 
phylogenetic tree built with the related 16S rDNA 
sequences from Genbank, the C2 strain was 
identified and named Hydrogenophaga pseudoflava 
sp.C2 Fig.2 . 

The C30 strain is Gram positive, and rod-
shaped, with the length of 0.3×1.2- Fig.1 . 

The bacteria were arranged separately or in chain 
structure. No spores were observed. The sequence 
length of 16S rDNA gene was measured to be 
1372bp after PCR amplification and sequencing. 
The gene sequence was submitted to Genbank, and 
it was found through alignment that the homology 
between the C30 strain and Virgibacillus 
halodenitrificans DSM 10037T reached up to 99%. 
The phylogenetic tree of the C30 strain is shown as 
Fig. 2. According to morphological, physiological 
and biochemical characteristics, and the 
phylogenetic tree of 16S rDNA sequences from 
Genbank, the C30 strain was identified and named 
Virgibacillus halodenitrificans sp.C30 Fig.2 . 

 
Optimal mixing ratio of C2 and C30. Since 

the denitrifying ability of a single C2 strain is 
stronger than that of C30 strain, C2 strain is 
dominant in the construction of high-efficiency 
complex denitrifying flora. Restricted by the 
pollutant categories in sewage, the roles of different 

 
 

 
 

FIGURE 1 
 The scanning electron microscopes of strain C2 (A) and strain C30(B). 

 
 

 
 

FIGURE 2 
Phylogenetic tree based on the 16S rDNA sequence of strain C2(A) and C30 (B)with other reference 
sequences. The numbers at the forks indicate the bootstrap values in percentage. Bar indicates the 

nucleotide difference per sequence position. The accession numbers (GenBank ID) of the sequences are 
given in parentheses. 
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types of bacteria in complex flora are diversified[19]. 
In the experiment, C2 and C30 were inoculated at 
different volume ratios into the nitrogen-containing 
medium, so as to determine the influence of volume 
ratios on NH4-N removal rate (Fig.3). The results 
indicated that with unvaried volume of C2 strain, the 
NH4-N removal rate increased with the increasing 
volume of C30 strain, and it reached the maximum 
at the ratio of 1:10. When the volume ratio reached 
1:15, the removal rate showed decreasing trend. 
Despite of the changes in volume ratio of C2 and 
C30, the decreasing rate of NH4-N was most 
prominent within 24 hours, with the 24th hour as the 
critical point. At this time, the NH4-N removal rates 
corresponding to the C2-to-C30 ratio of 1:1, 1:5, 
1:10 and 1:15 were 84.55%, 92.5%, 94.7% and 
90.91%, respectively. Compared with anaerobic 
ammonia oxidation, the denitrifying ability of the 
complex flora constructed in this work was stronger 
by several times[20]. When the reaction time was 
over 24h, the NH4-N removal rate tended to stabilize 
for all the complex flora with different ratios. At the 
40th hour, the removal rate of the complex flora with 
the ratio of 1:10 reached 95.5%. The NO3-N content 
in the solution first increased and then decreased, 
wherein the increase was due to the partial 
transformation of nitrogen in NH4-N into NO3-N[21]. 
During the whole process of reaction, the increase of 
nitrate nitrogen content was most prominent in the 
1:1 treatment group, and the accumulation of NO3-N 
was minimum in the 1:10 treatment group. At the 
32th hour, the NO3-N content in 1:1, 1:5, 1:10 and 
1:15 treatment group reached the maximum, with the 
increments of 10.70mg.L-1, 10.22mg.L-1, 5.53mg.L-

1 and 9.07mg.L-1, respectively. 
 
Denitrifying abilities of C2, C30 and their 

complex flora. The complex flora of C2 and C30 
showed remarkable denitrifying ability, much better 
than that of single strains. During the reaction, the 
NH4-N content showed a trend of consistent 
decrease in C2, C30 and C2+C30 treatment groups 
(Fig. 4). For the single C2 strain and C2-C30 
complex flora, within 24h of reaction, the removal of 
NH4-N was the fastest; after 24h, the NH4-N removal 
ability was weakened. As for the single C30 strain, 
the NH4-N removal speed tended to be stable at the 
20th hour. The complex flora had the best NH4-N 
removal ability, followed by C2 strain, and C30 
strain had the poorest performance. The removal rate 
of C2 strain, C30 strain and C2-C30 complex flora 
reached the maximum at the 40th hour, being 
80.12%, 61.43% and 95.49%, respectively. Species 
diversity and stability enhanced in the complex flora 
treatment system, which was more favorable to 
denitrification [22,23]. During the whole reaction, 
the NO3-N content in the solution increased at first 
due to the nitrification of bacteria, but as nitrogen 
decreased at late reaction phase, the denitrification 
of the flora caused the NO3-N content to reduce 
gradually[24]. For C2 strain and the complex flora, 
the NO3-N content was the highest at the 32th hour; 
whereas for C30 strain the maximum was reached at 
the 24th hour. After 40h, the NO3-N content was 
higher in the solution treated by complex flora, being 
1.49 times and 2.13 times of that of C2 and C30 
strain treatment group, respectively. 

 
 
 

 
 

FIGURE 3 
The effect of different proportions compound of strain C2 and strain C30 on the 

changes of ammonia nitrogen and nitrate nitrogen. 

N
H

3-
N

 (
m

g.
 L

-1

Time(h)

N
O

2-
N

(m
g.

L
-1

)



© by PSP  Volume 25  No. 11/2016, pages 4760-4766    Fresenius Environmental Bulletin  

4764 

 
 

FIGURE 4 
The effects of different complex flora on the change of ammonia nitrogen and nitrate nitrogen. 

 
 
Effect of complex flora in removing nitrogen 

in domestic sewage. The rural domestic sewage in 
China is difficult to treat due to scattered distribution 
patterns and increased types of pollution sources[25]. 
In the present work, the domestic sewage was 
collected from a residential area in Daliang Town, 
Wuqing District, Tianjin City. The original NH4-N 
and NO3-N contents in the sewage were 87.78mg.L-

1 and 16.4 mg.L-1, respectively. As seen in Fig. 5, the 
12th and 48th hour were two time nodes. At the 12th 
hour of reaction, the removal of NH4-N by the 
complex flora was the fastest, followed by the 12th-
48th hour. After 48h, the NH4-N content in the 
treated water tended to be stable. Fig. 4 shows that 
the removal speed of complex flora tended to 
stabilize at the 24th hour, which means that the 
advent of the maximum sewage purification effect 
by C2-C30 complex flora delayed by 24h compared 
with the simulation test in the fermenter. At the 72th 
hour, the NH4-N removal rate by complex flora 
reached 85.82%. The efficiency was lowered 
compared with the prior simulation test. It was 
probably because all the conditions in simulation 
tests in the fermenter were relatively ideal, while the 
components of rural sewage were complicated. The 
study showed that the NO3-N content in sewage 
increased first, and then reduced. The NO3-N content 
peaked at the 36th hour, with the increment of 67.2%. 
Later, as nitrogen content diminished gradually, 
complex flora began to consume NO3-N. 
Accordingly, the NO3-N content in sewage 
decreased. Compared with the initial state, 43.17% 
of NO3-N was removed by complex flora after 72h 
of reaction. 

 
 

 
FIGURE 5 

The purification effect of rural sewage by 
complex flora. 

 
 

CONCLUSION 

 
The utilization of denitrifying microbes is a 

primary approach to solve the problem of water 
pollution caused by nitrogen so that the self-
purification of rural domestic water can be achieved. 
It is difficult to maximize the denitrifying ability of 
single strains, losing the wide adaptability. In this 
study, two strains of heterotrophic denitrifying 
bacteria were screened from rural domestic sewage. 
The two strains were mixed at the volume ratio of 
1:10 to construct a complex flora with high-
efficiency denitrifying ability. The application to 
actual domestic sewage verified that the complex 
flora had a higher efficiency of denitrification 
compared with single strains. Hence, the research 
result is of high value and is expected to be 
popularized. 
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ABSTRACT  

Vegetation recovery and soil restoration are 
the keys to create a stable and sustainable 
ecosystem on post-mining lands. The relationships 
between vegetation coverage and soil properties 
were studied, by taking a reclaimed dump of 
opencast coal mine in Loess Plateau as example. 
Vegetation coverage was represented by the 
Normalized Difference Vegetation Index (NDVI), 
and eight soil properties of soil samples were 
measured. The relationships between NDVI and 
each soil property were identified by correlation 
analysis. The results were as follows. Soil bulk 
density and NDVI was negatively linearly 
correlated. Soil porosity and NDVI was positively 
linearly correlated. Soil mass water content was 
quadratically correlated with NDVI, so as soil 
gravel content and soil total nitrogen content. Both 
the logarithm of soil organic matter content and the 
logarithm of soil available potassium showed a 
correlation of cubic function with NDVI. Soil 
available phosphorus content and NDVI can be 
described with inverse function. It was concluded 
that the response of vegetation coverage to soil 
properties showed discontinuity in a certain degree, 
and each response is different from others when 
soil properties change within a certain range. 
 
 
KEYWORDS:  
soil properties, vegetation coverage, NDVI, dump, 
opencast coal mine, land reclamation 
 
 

INTRODUCTION 

Coal mining activities, especially opencast 
mining, have caused serious environmental issues, 
such as soil erosion, vegetation elimination, 
permanent topographic changes, and surface and 

subsurface hydrologic regimes [1][2]. Opencast 
mining has produced a large amount of stripped 
soils, coal gangue, tailings and other solid wastes 
[3]. And, these refuse dumps are usually 
characterized by poor soil structure, high bulk 
density, low nutrient availability, and low biomass 
productivity [4]. Therefore, reclamation of these 
bare ground soils is necessary for ecosystem 
reconstruction in the opencast mining area. 

Soil restoration and vegetation recovery are 
the keys to create a stable and sustainable 
ecosystem on post-mining lands. Successful 
revegetation mainly depends on good soil quality, 
and soil quality, in turn, improves gradually with 
vegetation growth [7]. The relationship between 
reclamation soil and vegetation is complicated, and 
many researches have been done in recent years. 
Some researches focused on the effects of 
vegetation growth on the improvement of soil 
physical properties, such as soil water, soil salinity, 
and soil infiltration characteristics [8][9]. 
Meanwhile, effects of vegetation growth on the 
changes of soil nutrient, including C, N, and P, also 
attracted a lot attention [10]. Besides, researchers 
tried to prove that vegetation restoration was 
beneficial to soil pollution control and soil erosion 
prevention [11][12]. All of those focused on how 
vegetation influenced soil quality, while few paid 
attention on the response of vegetation to soil 
quality. Although some researchers analyzed how 
soil factors determined vegetation structure and 
species richness [13], further studies were needed. 

This study would like to reveal the response of 
vegetation to soil properties on a reclaimed dump 
of opencast coal mine by identifying the 
correlations between vegetation coverage and soil 
factors. Eight properties of topsoil (0~10cm) were 
selected to make correlation analysis with 
vegetation coverage, and the reasons behind the 
correlations were discussed. The findings would 
provide references for soil reclamation and 
vegetation recovery in opencast mining regions. 
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TABLE 1 
Site conditions and vegetation cover of each sample plot. 

Number 
of 
sample 
plot 

Site 
condition 

Number 
of arbor 

Average 
density of 
arbor /m2  

Mean 
diameter at 
breast height 
(cm) 

Average 
height 
of stand 
(m) 

Canopy 
density 
(%) 

Herb 
coverage 
(%) 

NDVI 

S1 Platform 15 0.15 27.00 4.40 40 25 0.63 
S2 Platform 30 0.30 28.10 5.80 55 8 0.71 
S3 Platform 56 0.56 21.70 4.00 60 35 0.70 
S4 Side slope 27 0.27 36.20 8.20 60 5 0.59 
S5 Side slope 11 0.11 26.80 4.60 20 25 0.72 
S6 Platform 19 0.19 28.80 6.00 55 15 0.54 
S7 Side slope 20 0.20 21.60 5.30 25 20 0.67 
S8 Platform 32 0.32 25.00 4.80 52 35 0.65 
S9 Side slope 75 0.75 17.10 6.90 40 10 0.71 
S11 Side slope 61 0.61 22.00 4.30 40 2 0.45 
S12 Platform 51 0.51 20.80 5.00 78 9 0.60 
S13 Side slope 90 0.90 21.80 6.40 30 2 0.62 
S14 Platform 170 1.70 16.90 3.80 85 5 0.61 
S15 Side slope 19 0.19 25.90 4.10 50 9 0.55 
S16 Platform 13 0.13 39.90 7.70 25 37 0.45 
S17 Side slope 35 0.35 35.30 6.00 18 10 0.60 
S18 Platform 35 0.35 34.80 6.10 45 30 0.69 
S19 Side slope / / / / / 35 0.53 
S20 Platform 32 0.32 7.80 1.80 5 60 0.36 
S21 Side slope 28 0.28 13.70 3.40 20 15 0.45 
S22 Platform 19 0.19 17.90 3.90 15 35 0.26 
S23 Side slope 28 0.28 37.60 7.50 65 20 0.60 
S24 Platform 28 0.28 28.10 7.00 60 20 0.70 
S25 Side slope 11 0.11 19.00 3.70 10 40 0.63 
S26 Platform 9 0.09 24.90 8.50 20 40 0.66 
S27 Side slope 35 0.35 27.50 5.10 60 5 0.71 

FIGURE 1 
Location of the study area 



© by PSP  Volume 25  No. 11/2016, pages 4767-4776    Fresenius Environmental Bulletin  

4769 

MATERIALS AND METHODS 

General situation of study area. Pingshuo 
opencast coal mine is located in Pinglu, Shanxi 
Province, China. The longitude is between 
111°58'E and 112°30'E, and the latitude is between 
39°23'N and 39°37'N. The total area is around 
375.12 km2, with an average elevation of 
approximately 1200 m-1350 m. It has a 
monsoon-influenced continental climate, 
characterized by a hot summer but a dry and cold 
winter. The mean annual temperature is 5.5 , and 
the mean annual precipitation is 410.6 mm. There is 
a wide distribution of loess with sparse vegetation, 
resulting in serious soil erosion that produces a 
great number of gullies. The gullies distribute in a 
north-south arborescent type, with the cutting depth 
around 30 m-50 m. All of those present a typical 
landscape of Loess Plateau. 

The study area is the south dump of Antaibao 
opencast coal mine (shown in FIGUR1). The south 
dump was formed during 1985-1989, with the final 
elevation around 1360 m-1465 m, and the slope 
angle around 20°-40°. The thickness of surface soil 
is about 100cm, and the dominant soil types are 
loess, laterite, and red loess. The reclamation of 
south dump began from 1990 with the revegetation 
model of herb-shrub-arbor. By the end of 2010, the 
reclamation area of south dump has reached 174.94 
ha, with 140.05ha of forestland and grassland, and 
34.89 ha of arable land. 

Methods. Collection of soil samples. Soil 
sampling was conducted in early July, 2014. There 
were 27 sample plots designed according to slope 
aspect of the south dump. Soil sampling in one 
sample spot failed, because there were too much 
gravel on the surface. Soil samples in other 26 
sample spots were reserved. The size of sample 
spots on the platform was 10 m*10 m. The width of 
sample spots on the slope was 10m, and the length 
was determined by slope angle to ensure the size of 
vertical projection was also 10 m*10 m. Timber 
piles were fixed in each corner of all sample spots, 
and the center coordinates of each sample spot was 
measured and recorded by GPS. In each sample 
spot, dry branches and fallen leaves on the surface 
were cleaned up, and soil in the depth of 0-10cm 
was extracted with soil auger in five randomly 
selected locations, and mixed together evenly. The 
mixed soil sample was conserved after being 
numbered. The distribution of sample spots was 
shown in FIGUR1. 

In the process of soil sampling, the site 
conditions and vegetation cover of each sample plot 
were recorded, shown in TABLE 1. In each sample 
plot, the number of arbor was counted, and the ratio 

between this number and the area of sample plot 
was the average density of arbor. The mean 
diameter at breast height was used to represent the 
degree of thickness of forest, which was the 
diameter with the average basal area at breast 
height. It was measured with caliper scale. The 
average height of stand was the height of the arbor 
with mean diameter at breast height, which was 
measured with tape and height finder. The canopy 
density and herb coverage were measured with the 
method of ocular estimate. A remote sensing image 
(obtained in April 3, 2014) was processed in the 
software of ENVI to calculate the Normalized 
Difference Vegetation Index (NDVI) of each 
sample plot. The satellite of this remote sensing 
image was SPOT-6, and the sensor was Reference 
3D. The spatial resolution was 6m. 

Measurement of soil physical and chemical 
properties. The physical properties in this study 
included soil bulk density, soil porosity, soil water 
content, and soil gravel concentration. Soil bulk 
density was measured by cutting-ring method. Soil 
porosity was calculated based on soil bulk density. 
Soil water content was measured by oven drying 
method. Soil gravel concentration was measured by 
sifting method. The chemical properties included 
organic matter content, total nitrogen content, 
available phosphorus content, and available 
potassium content. The measurement methods 
respectively were potassium dichromate volumetric 
method-dilution heat method, FOSS2300 type 
automatic azotometer, sodium bicarbonate method, 
and ammonium acetate springs flame photometry. 
The physical and chemical properties of each 
sample plot were shown in TABLE 2. 

 
Data analysis. In order to reveal the 

correlation between vegetation coverage and soil 
physical-chemical properties, Statistic Package for 
Social Science (SPSS) was applied in this study. In 
the process of analysis, the NDVI was independent 
variable, and the indicators of soil physicochemical 
properties were dependent variables. 

 
 

RESULTS 

Relationships between vegetation cover and 
soil physical properties. NDVI and soil bulk 
density. As shown in FIGURE 2, the relationship 
between NDVI and soil bulk density (hereinafter 
referred to as BD) can be divided into three 
sections. 

In the section with low BD, namely 

BD presented a trend of linear function (shown in 
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TABLE 2 
Physical and chemical properties of each sample plot. 

Number of 
sample plot 

Soil bulk  
density 
(g/cm3) 

Soil 
porosity 
(%) 

Soil 
water 
content 
(%) 

Organic 
matter 
content 
(g/kg) 

Total 
nitrogen 
content 
(g/kg) 

Available 
phosphorus 
content 
(mg/kg) 

Available 
potassium 
content 
(mg/kg) 

S1 1.32 50.23 6.05 76.97 0.77 2.84 197 
S2 1.51 42.84 8.05 77.68 0.70 2.97 147 
S3 1.39 47.38 6.49 9.55 0.48 3.28 120 
S4 1.54 41.73 7.32 50.74 1.55 3.18 121 
S5 1.27 52.01 6.94 16.68 0.61 3.11 142 
S6 1.18 55.50 6.21 71.29 1.73 2.73 197 
S7 1.33 49.76 3.44 37.80 1.06 2.42 124 
S8 1.38 47.76 7.36 42.66 1.07 2.90 254 
S9 1.60 39.67 8.12 21.33 0.78 5.18 158 
S11 1.52 42.50 3.76 36.06 0.87 4.15 137 
S12 1.46 44.75 4.58 69.32 2.03 4.66 259 
S13 1.44 45.71 5.97 31.29 1.14 5.46 176 
S14 1.26 52.54 6.20 6.88 0.38 2.56 61 
S15 1.52 42.66 4.62 62.87 1.66 7.42 152 
S16 1.56 41.11 4.27 22.87 0.96 3.87 162 
S17 1.25 52.90 7.63 94.72 2.01 3.66 193 
S18 1.20 54.55 6.69 17.47 0.81 3.87 140 
S19 1.28 34.42 4.10 13.33 0.52 3.39 95 
S20 1.49 43.89 6.85 4.63 0.28 5.73 62 
S21 1.01 61.76 5.70 183.83 3.00 4.49 56 
S22 1.26 52.41 7.60 21.75 0.75 7.46 182 
S23 1.58 40.55 7.16 99.63 2.60 5.25 274 
S24 1.37 48.12 7.22 33.54 1.21 5.01 211 
S25 1.20 54.90 6.57 36.91 1.24 5.60 148 
S26 1.39 47.60 7.78 30.03 1.08 5.04 161 
S27 1.15 56.42 8.33 45.80 1.39 5.46 180 

 
FIGUR 2(a)). It means that the better the vegetation 
coverage was, the lower the BD was. In this section, 
sample plot S22 has been excluded as its BD and 
NDVI did not satisfy the linear function. For the 
sample plot S22, although its herb coverage 
reached 35%, higher than the average herb 
coverage of 20% of the whole dump, the canopy 
density was only 15%, significantly lower than the 
average level of 40%.Therefore, its vegetation 
coverage was low with the NDVI of 0.26. 

relationship between NDVI and BD showed the 
same feature as in the first section, shown in 
FIGUR 2(b). By comparing the relationship 
features in these two sections, when BD was lower 
than 1.50 g/cm3, it can be concluded that the better 
the vegetation coverage was, the lower the BD was. 
Besides, the linear function in the section of 

the NDVI was more sensitive to the change of BD. 

the increase of BD, the NDVI decreased first and 
then increased dramatically, shown in FIGUR 2(c). 
The minimum NDVI appeared when BD was 

around 1.55 g/cm3. There were only three sample 
plots when BD was higher than 1.55 g/cm3, thus it 
cannot be demonstrated that the NDVI became 
larger with the increase of BD in this section. 

 
NDVI and soil porosity. As shown in FIGUR 

3, the relationship between NDVI and soil porosity 
(hereinafter referred to as P) can be described with 
linear function, which means P became greater with 
the increase of NDVI. High vegetation coverage 
made soil bulk density decrease by improving the 
permeability of soil, resulting in the increase of soil 
porosity. 

There were four sample plots dissatisfying the 
linear fitting equation, namely S9, S19, S21, and 
S22. For sample plot S9, its average soil porosity 
was 39.67% and the NDVI was 0.71. The canopy 
density was about 40% and the herb coverage was 
about 10%. The main vegetation types of sample 
plot S19 were shrub and herb, and its average soil 
porosity, NDVI, and herb coverage respectively 
were 34.42%, 0.53, and 35%. For sample plot S21, 
its average soil porosity, NDVI, canopy density, 
and herb coverage respectively were 61.76%, 0.45, 
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20%, 15%. For sample plot S22, its average soil 
porosity, NDVI, canopy density, and herb coverage 
respectively were 52.41%, 0.26, 15%, 35%. For 
these four sample plots, S9 and S19 were with 
higher NDVI and lower average soil porosity, while   

FIGURE 2(a) 
BD=-0.41VI+1.50 BD n=8 Sig.=0.097) 

BD: Soil bulk density g/cm3 VI: NDVI 

FIGURE 2(b) 
BD=-0.39VI+1.64 BD n=9,Sig.=0.036) 

BD: Soil bulk density g/cm3 VI: NDVI 

FIGURE 2(c)  
VI=27.69BD3-199.69BD +206.83 

BD n=7, Sig.=0.050) 
BD: Soil bulk density g/cm3 VI: NDVI 

FIGURE 2 
Relationship between NDVI and soil bulk 

density 
 

S21 and S22 were with lower NDVI and higher 
average soil porosity. This phenomenon was just 
the opposite shown in FIGUR3. Thus, these four 
sample plots were excluded in fitting analysis. 

P=24.01VI+33.30 
P n=22 Sig.=0.039  

P soil porosity (%) VI NDVI 
FIGURE 3 

Relationship between NDVI and soil porosity 

MWC=45.03VI2-43.64VI+15.81 
MWC n=26 Sig.=0.006  

MWC soil mass water content % VI NDVI 
FIGURE 4 

Relationship between NDVI and soil mass water 
content 

NDVI and soil mass water content. When 
the values of soil mass water content (hereinafter 
referred to as MWC) were located in the section of 
[3.44%, 8.33%], the relationship between NDVI 
and MWC can be described by quadratic function, 
shown in FIGURE 4. This quadratic function 
indicated that, with the increase of NDVI, MWC 
decreased first and then increased. Besides, MWC 
reached the lowest value when NDVI was 0.48. 

When NDVI was less than 0.48, the greater 
the NDVI was, the lower the MWC was. Taking 
sample plot S20 and sample plot S22 as examples, 
the values of NDVI of them were 0.36 and 0.26, 
and the corresponding MWC were 6.85% and 
7.60%, according with the tendency of the 



© by PSP  Volume 25  No. 11/2016, pages 4767-4776    Fresenius Environmental Bulletin  

4772 

relationship of NDVI and MWC. For sample plot 
S20, the canopy density was 5%. For sample plot 
S22, the canopy density was 15%. Studies showed 
that the greater the canopy density was, the larger 
the surface evaporation was [14]. Since the canopy 
density in S20 was less than that in S22, surface 
evaporation of S22 was higher, leading to lower 
MWC. 

When NDVI was larger than 0.48, the greater 
the NDVI was, the higher the MWC was. Taking 
sample plot S1 and sample plot S3 as examples, the 
values of NDVI of them were 0.63 and 0.70, and 
the corresponding MWC were 6.05% and 6.49%, 
according with the tendency of the relationship of  

log10
GC=-15.22VI2+15.81VI-2.47 

GC n=23 Sig.=0.027  
GC soil gravel content % VI NDVI 

FIGURE 5 
Relationship between NDVI and soil gravel 

content 

log10
OM=-72.21VI3+103.43VI2-45.28VI+7.29 

OM ,n=23,Sig.=0.009  
OM soil organic matter content g/kg VI NDVI 

FIGURE 6 
Relationship between NDVI and soil organic 

matter content

NDVI and MWC. The canopy density in sample 
plot S1 (40%) was higher than that in sample plot 
S3 (30%), and its effect of transpiration was also 
better, resulting in greater water absorption from 

soil [14]. Therefore, the MWC of S1 was lower 
than that of S3.NDVI and soil gravel content. 
When the values of soil gravel content (hereinafter 
referred to as GC) in each sample plot were located 
in the section of [1.04%, 74.96%], the relationship 
between NDVI and logarithm of GC presented a 
trend of quadratic function (shown in FIGUR 5), 
indicating that with the increase of NDVI, the 
logarithm of GC increased first and then decreased, 
and the greatest logarithm of GC appeared when 
NDVI was 0.52. Three sample plots (S1, S14 and 
S20) were excluded in the fitting analysis as there 
was no gravel in them. 

When NDVI was less than 0.52, the logarithm 
of GC became greater with the increase of NDVI. 
Taking sample plot S16 and sample plot S22 as 
examples, their NDVI respectively were 0.45 and 
0.26, and the corresponding GC were 32.37% and 
3.74%. It was obvious that the greater the NDVI 
was, the higher the GC was. When NDVI was 
larger than 0.52, the logarithm of GC decreased 
with the increase of NDVI. Taking sample plot S2 
and S12, their NDVI were 0.71 and 0.60 and the 
values of GC were 35.68% and 58.50%, showing 
that the greater the NDVI was, the lower the GC 
was. 

In this study, the best GC for vegetation 
growth was around 35%. The reason was that a 
certain degree of GC could improve the soil 
permeability by increasing soil porosity [15]. 

 
Relationships between vegetation cover and 

soil chemical properties. NDVI and soil organic 
matter content. When soil organic matter content 
(hereinafter referred to as OM) was located in 
[13.33, 99.63], the relationship between NDVI and 
the logarithm of OM could be described by cubic 
function, shown in FIGUR 6. Three sample plots 
were excluded in fitting analysis, namely S3, S14 
and S21, and their OM respectively were 9.55 g/kg, 
6.88g/kg, and 183.83 g/kg, which were too low or 
too high. For most of sample plots, the values of 
NDVI were greater than 0.50, and the logarithm of 
OM was the largest when NDVI was 0.61. 

When the values of NDVI were in the section 
of [0.50, 0.61], the logarithm of OM became 
greater with the increase of NDVI. Taking sample 
plot S6 and sample plot S23 as examples, their 
NDVI were 0.54 and 0.60, and the corresponding 
values of OM were 71.29g/kg and 99.63g/kg. For 
sample plot S6, the canopy density was 55% and 
the herb coverage was 15%. For sample plot S23, 
the canopy density and the herb coverage were 65% 
and 20%. It was obvious that vegetation cover in 
S23 was better than that in S6. Better vegetation 
cover resulted in the increase of dry branches and 
fallen leaves that will finally decomposed into OM 
[16]. In this section, it could be deduced that the 
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absorption speed of OM from soil to vegetation was 
less than the decomposition speed. 

When NDVI was greater than 0.61, the 
logarithm of OM decreased with the increase of 
NDVI. Taking sample plot S24 and sample plot S25 
as examples, the values of NDVI were 0.70 and 
0.63, and the corresponding OM were 33.54 g/kg 
and 36.91 g/kg. For sample plot S24, the canopy 
density was 60% and the herb coverage was 20%. 
For sample plot S25, these two indicators of 
vegetation cover respectively were 10% and 40%. 
Better vegetation cover needed more soil nutrients, 
thus OM would decrease when the absorption speed 
of vegetation for OM was faster than the 
decomposition speed [17]. 

TN=-17.68VI2+18.16VI-3.14 
TN n=26 Sig.=0.085  

TN soil total nitrogen content g/kg VI NDVI 
FIGURE 7 

Relationship between NDVI and soil total 
nitrogen content 

NDVI and soil total nitrogen content. When 
values of soil total nitrogen content (hereinafter 
referred to as TN) were between 0.28 and 3.00, the 
relationship between NDVI and TN presented a 
trend of quadratic function, shown in FIGUR 7. TN 
is the highest at the point of NDVI was 0.51. 

When NDVI was less than 0.51, TN became 
greater with the increase of NDVI. Taking sample 
plot S11 and S20 as examples, the values of NDVI 
were 0.45 and 0.36, and the corresponding TN were 
0.87 g/kg and 0.28 g/kg. For sample plot S11, the 
canopy density and the herb coverage separately 
were 40% and 2%. There were only robinia 
pseudoacacia in S11. The average diameter at 
breast height (DBH) was 22cm, and there were 0.61 
trees per square meter. For sample plot S20, these 
two indicators of vegetation cover were 5% and 
60%. There were poplars, elms and Chinese pines 
in S20. The DBH was 7.80 cm, and there were 0.32 
trees per square meter. Arbor growth in S11 was 
better than that in S20, resulting in higher TN in 
S11. The reason was that robinia pseudoacacia 
could provide a plenty of litter falls that would 

decompose to increase soil organic matters, and soil 
nitrogen would be produced during the 
mineralization of soil organic matters [18]. 

When NDVI was larger than 0.51, the TN 
decreased with the increase of NDVI. Taking 
sample plot S3 and sample plot S6 as examples, the 
values of NDVI were 0.70 and 0.54, and the values 
of TN were 0.48 g/kg and 1.73 g/kg. There were 
elms and robinia pseudoacacia in both S3 and S6, 
and their canopy density respectively were 60% and 
55%. Besides, their DBH were almost the same, 
and there were 0.56 trees per square meter in S3 
while 0.19 trees per square meter in S6. However, 
the values of herb coverage differed greatly, 35% in 
S3 and 15% in S6. It could be deduced that more 
herbs needed more soil total nitrogen [18]. 

APp=1.25/VI+2.07 
AP n=26 Sig.=0.014  

APp soil available phosphorus content mg/kg  
VI NDVI 

FIGURE 8 
Relationship between NDVI and soil 
available phosphorus content 

 
NDVI and soil available phosphorus 

content. When values of soil available phosphorus 
content (hereinafter referred to as APp) was 
between 2.42 and 7.46, the relationship between 
NDVI and APp can be described with inverse 
function (shown in FIGUR 8), indicating that APp 
became lower with the increase of NDVI. 

Taking sample plot S2 and sample plot S16 as 
examples, the values of NDVI were 0.71 and 0.45, 
and the corresponding APp were 2.97 mg/kg and 
3.87 mg/kg. For sample plot S2, the canopy density 
was 55% and the herb coverage was 8%. There 
were poplars and elms in S2. The average DBH 
was 28.10 cm, and there were 0.30 trees per square 
meter. For sample plot S16, the canopy density was 
25% and the herb coverage was 37%. There were 
only robinia pseudoacacia in S16. The average 
DBH was 39.90 cm, and there were 0.13 trees per 
square meter. Thus, APp in S16 was better than that 
in S2. 
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NDVI and soil available potassium content. 
When values of soil available potassium content 
(hereinafter referred to as APk) was located in [56, 
274], the relationship between NDVI and the 
logarithm of APk presented a trend of cubic 
function, shown in FIGUR 9. For most of sample 
plots, the values of NDVI were between 0.50 and 
0.70, indicating that with the increase of NDVI, the 
logarithm of APk became greater first and then then 
decreased within a small range. The logarithm of 
APk was the highest when NDVI was around 0.65. 

log10
APk=-36.03VI3+55.48VI2-26.67VI+6.03 

APk n=26 Sig.=0.014  
APk soil available potassium content mg/kg VI NDVI 

FIGURE 9 
Relationship between NDVI and soil available 

potassium content 
 
Taking sample plot S8, S23 and S24 as 

examples, the values of their NDVI respectively 
were 0.65, 0.60 and 0.70, and the corresponding 
APk were 274 mg/kg, 254 mg/kg and 211 mg/kg. 
For sample plot S8, S23 and S24, the values of 
canopy density were 52%, 65% and 60%, and the 
values of herb coverage were 35%, 20% and 20%. 
There were robinia pseudoacacia and elms with 
almost the same growth conditions in these sample 
plots. When NDVI was between 0.50 and 065, APk 
became higher with the increase of NDVI. When 
NDVI was between 0.65 and 0.80, the logarithm of 
APk became lower with the increase of NDVI. The 
reason was that better vegetation cover needed 
more soil available potassium. 

 
 

DISCUSSION 

Some researches pointed that there was a 
negative correlation between vegetation coverage 
and soil bulk density when soil bulk density 
changes within a certain range [19]. Generally, with 
the vegetation restoration on the dump, the soil bulk 
density became lower and the content of macro 
aggregate and water-stable aggregate increased [20]. 

Thus vegetation restoration contributed a lot to the 
improvement of soil structure, which was beneficial 
for vegetation growth the other way around. In this 
study, NDVI correlated with soil bulk density 
negatively when soil bulk density was greater than 
1.15 g/cm3 but less than 1.55 g/cm3. The minimum 
NDVI appeared when soil bulk density was around 
1.55 g/cm3. This phenomenon was in accordance 
with the conclusion proposed by Q. H. Dai et al., 
who conducted a research in 2008 on the 
relationship between vegetation recovery and soil 
quality in the loess plateau in China. However, 
vegetation cover became better when soil bulk 
density was greater than 1.55 g/cm3, which did not 
match the above correlation pattern. The reasons 
deserve further research. 

Soil porosity was connected with soil bulk 
density. The greater the soil bulk density was, the 
smaller the soil porosity was. Thus, there should be 
a positive correlation between vegetation coverage 
and soil porosity. This study has come up with the 
exactly same result. 

As to soil mass water content, surface 
evaporation decided by the canopy density was 
considered as an important impact factor in this 
study. Actually, there were more possibilities. First, 
fallen leaves and branches can reduce the loss of 
water to make soil absorb more water [21]. Second, 
surface evaporation caused by herb was less than 
that caused by arbor [21], so more herb cover was 
helpful for the reduction of surface evaporation. 
Third, it has been proved that utilization efficiency 
of soil water could be improved by water and high 
light stress when MWC was lower than some 
threshold value, so as to prevent excessive low 
mass water content [22][23]. 

In this study, vegetation cover became better 
with the decrease of soil available phosphorus 
content. Same conclusion has been proposed by 
Guo et al in the research of vegetation restoration in 
loess plateau [24]. The main reason was that soil 
available phosphorus content was decided by the 
decomposition rate of soil organic matters if there 
was no fertilization. Thus better vegetation cover 
promoted the decomposition of organic matters to 
make soil available phosphorus content increase 
within a short time, and also accelerated the 
absorption speed of phosphorus from soil to 
vegetation [25]. From the long run, better 
vegetation cover will cause the decrease of soil 
available phosphorus content. Besides, it has been 
proved that herb growth can prevent soil 
phosphorus loss [26]. 

Studies showed that vegetation cover and soil 
available potassium content were positively 
correlated, since vegetation cover could effectively 
prevent the loss of available potassium by 
improving soil and water conservation [27]. 



© by PSP  Volume 25  No. 11/2016, pages 4767-4776    Fresenius Environmental Bulletin  

4775 

Furthermore, the concentration rate of soil available 
potassium became higher with the increase of 
vegetation cover [28]. In this study, same result has 
been reached when NDVI was between 0.50 and 
065. When NDVI was greater than 0.65, the 
relationship between NDVI and soil available 
potassium content did not match the above 
correlation pattern. The reason behind this 
phenomenon deserves more discussion. 

The responses of vegetation cover to soil 
gravel content, soil organic matter content, and soil 
total nitrogen content were not discussed, since the 
analysis was relatively sufficient in our opinion.  

 
 

CONCLUSION 

In this study, there is a significant relationship 
between vegetation cover and indicators of surface 
soil properties. The trends of relationships between 
vegetation coverage and eight soil properties have 
been proved in other studies, and the reasons for 
those trends are in accordance with their research 
results, demonstrating that this research is 
reasonable. The response of vegetation coverage to 
soil properties show discontinuity in a certain 
degree. Besides, each response is different from 
others when soil properties change within a certain 
range, which is caused by the discontinuity of 26 
sample plots and the different characteristics of 
artificial heaped soil. 

This paper provides a case study of 
relationships between vegetation coverage and soil 
properties, which would make a contribution for 
soil reconstruction and vegetation restoration. 
Further researches are needed to reveal the 
difference of those relationships in different 
reclamation phases, since both soil environment 
and vegetation condition in the dump always 
change along the time, especially under the human 
intervention. 
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ABSTRACT 

Pogostemon erectus (Dalzell) Kuntze 
(Lamiaceae) is an economically important aquatic 
plant and is widely used as aquarium vegetation due 
to an attractive appearance. This present study was 
designed for efficient in vitro multiple shoot 
regeneration and plant production of P.erectus 
through shoot tip and nodal segment explants. The 
explants were cultured on Murashige and Skoog 
(MS) medium supplemented with 0.25-1.25 mg/L 
Kinetin (KIN) with or without 0.25 mg/L 1-
Naphthaleneacetic acid (NAA). Maximum number 
of shoots per explant was obtained from shoot tip 
(22.61) and nodal segment (24.44) explants cultured 
on MS enriched with 1.00 mg/L KIN + 0.25 mg/L 
NAA. The highest shoot length was recorded from 
shoot tip (5.64 cm) and nodal segment (5.13 cm) 
explants cultured on MS medium containing 1.00 
mg/L KIN or 1.25 mg/L KIN respectively. In vitro 
rooting of regenerated shoots were achieved on MS 
medium containing different concentrations of IAA 
(0.25-1.00 mg/L) during 4 weeks and these  rooted 
plantlets were successfully acclimatized in 
aquarium. The improved protocol may help to the 
mass propagation of P. erectus and other aquatic 
plants for commercial purposes.  
 
 
KEYWORDS:  
acclimatization; P. erectus; propagation; shoot 
regeneration 
 
 
INTRODUCTION 

Aquatic plants are the primary producers of 
aquatic environments and they have a vital 
importance for fish, aquatic insects and other 
aquatic organisms by providing habitat, refuge, 
breeding area and food [1]. Other uses include 
medicine [2, 3], phytoremediation [4], human or 
animal food [5, 6] and biofuels [7]. Many aquatic 
plants are used for ornamental purposes in small 
ponds and aquariums. So, they have become a 

worldwide industry especially in European 
countries [8].  

Pogostemon erectus (Dalzell) Kuntze 
(Lamiaceae) is an important aquatic plant of USA 
and gaining popularity in European aquarium 
industry. The plant is native to Asia, (especially 
India) and forms compact groups of bright green, 
conifer-like stems. It is recommended as 
background plant in the aquariums and creates a 
spectacular look in both smaller and larger groups 
[9]. The most suitable conditions in the aquatic 
environment are pH range of 5-7 and temperature 
ranging 18-30 °C. It has very conspicuous and 
decorative terminal spikes of purple flowers. 
Furthermore, emerged P. erectus has leaves with an 
entire margin bowing down [10]. 

The present study describes an efficient and 
rapid method for in vitro regeneration and 
propagation of P. erectus by plant tissue culture 
techniques. To our best knowledge, there is no 
report about in vitro propagation of P. erectus. 
Keeping in view, this study presents the first ever 
report on micropropagation of P. erectus using 
different nodal explants. This study may help to use 
protocol for isolation of pharmacologically useful 
components from the plant and may offer an 
alternative method for the mass production of P. 
erectus in the aquarium trade industry. 

 
 

MATERIALS AND METHODS  

The plants of P. erectus were purchased from 
the local aquarium of Karaman province in Turkey. 
The twigs, 3-5 cm long containing 4-6 nodes with 
attached leaves were washed under tap water for 30 
min to remove the superficial dust and to reduce the 
contaminants on the plants. Surface sterilization 
was performed with 10% H2O2 (Merk) for 10 min, 
followed by rinsing thrice with sterilized distilled 
water for 5 min.  

After surface sterilization, shoot tip and nodal 
segment explants were isolated under sterile 
conditions and cultured on Murashige and Skoog 
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TABLE 1 
Effects of different concentrations of KIN with or without NAA on in vitro shoot  

regeneration of P. erectus from shoot tip and nodal segment explants. 
Growth regulators 

(mg/L) 
Shoot regeneration 

frequency (%) 
Mean number of shoots 

per explant 
Mean shoot length (cm) 

KIN NAA Shoot tip 
Nodal 

segment 
Shoot tip 

Nodal 
segment 

Shoot tip 
Nodal 

segment 
- - 38.55b 27.44b 3.87e 2.50e 1.33f 1.18e 

0.25 - 88.89a 83.33a 11.22d 9.49d 4.52d 4.26c 
0.50 - 100.00a 100.00a 13.38cde 14.44cd 4.95cd 4.34c 
0.75 - 100.00a 100.00a 18.11abcd 20.27abc 5.21b 4.85ab 
1.00 - 100.00a 100.00a 19.27abc 21.50ab 5.64a 4.97ab 
1.25 - 100.00a 100.00a 16.39abcde 10.28d 4.81d 5.13a 
0.25 0.25 88.89a 83.33a 12.18de 14.32cd 4.15e 3.83d 
0.50 0.25 100.00a 94.44a 15.33bcde 15.38bcd 4.22e 4.16cd 
0.75 0.25 100.00a 100.00a 18.44abcd 19.27abc 4.47d 4.27c 
1.00 0.25 100.00a 100.00a 22.61a 24.44a 5.14bc 4.73b 
1.25 0.25 100.00a 100.00a 20.39ab 23.16a 5.34b 4.82ab 

Means followed by different small letters within columns are significantly different (p<0.01) 
 

 (MS) [11] medium supplemented with 3% (w/v) 
sucrose (Duchefa) and solidified with 0.65% (w/v) 
agar (Duchefa) without any growth regulators for 2 
weeks for gaining contamination-free explants. 
Thereafter, these explants were cultured for shoot 
regeneration on MS medium supplemented with 3% 
sucrose, 0.65% agar and 0.25, 0.50, 0.75, 1.00 and 
1.25 mg/L Kinetin (KIN) with or without 0.25 
mg/L 1-Naphthaleneacetic Acid (NAA) in Magenta 
GA7 vessels for 8 weeks. All explants were also 
cultured on MS medium without growth variants as 
control. Each experimental treatment was run in 
triplicate. The pH of all media adjusted to 5.8 ± 0.1 
before autoclaving and the medium was autoclaved 
at 118 kPa atmospheric pressure at 120°C for 20 
min. All cultures were incubated under 16 h light 
photoperiod (5000 lux) using white fluorescent 
lights. After 8 weeks of culture, the experiment was 
terminated and the data were recorded for shoot 
regeneration and analyzed.  

The regenerated shoots were isolated under 
aseptic conditions and cultured on MS medium 
containing 0.25-1.00 mg/L IAA for rooting. IAA 
was filter sterilized and added to the medium after 
autoclaving. After 4 weeks of culture, the agar 
medium was removed carefully from the rooted 
plantlets without damaging the roots by washing 
under running tap water. Thereafter, the plants were 
transferred to aquarium containing tap water and 
sand for acclimatization (23°C with 16 h light 
photoperiod). 

Each treatment contained 6 explants and was 
replicated 6 times (6 x 6 = 36 explants), and 
repeated twice. Statistical analysis was performed 
as one-way ANOVA using SPSS 21 for Windows, 
and post hoc tests were performed using Duncan`s 
test. Data given in percentages were subjected to 
arcsine transformation [12] before statistical 
analysis. 

 
RESULTS AND DISCUSSION 

In this study, shoot tip and nodal segment 
explants of P. erectus were cultured on MS medium 
supplemented with KIN (0.25-1.25 mg/L) singly or 
in combination with NAA (0.25 mg/L) (Table 1) for 
axillary shoot regeneration. Shoot tip or nodal 
explants are most potent explants for in vitro shoot 
regeneration of other aquatic plants such as Bacopa 
monnieri Pennell [13-15], Nelumbo nucifera 
Gaertn. [16], Ceratophyllum demersum L. [17-19], 
Marsilea quadrifolia L. [20], Hemianthus 
callitrichoides  [21], Mentha viridis L. [22], 
Veronica anagallis-aquatica L. [23] and Ludwigia 
palustris (L.) Ell. [24]. 

First sign of shoot formations began to be 
observed on explants after 7 days of culture on MS 
medium with growth variants. Whereas, multiple 
shoot regenerations began to be strikingly observed 
on the culture medium within 3 weeks of culture. 
Additionally, rooting was also noted on explants 
after 10 days of culture and they were markedly 
showed on all culture medium in 4 week of culture. 
Direct shoot regeneration was observed on all 
explants without callus induction, irrespective of 
presence of NAA. The result is in accordance with 
the findings of Karatas et al. [18]. However, Abbasi 
et al. [25], Sayadi et al. [26] and Criollo et al. [27] 
reported callus formations in the presence of KIN 
alone or in combination with NAA in other plant 
species.   

As shown in Table 1, shoot regeneration 
frequency was found statistically significant (p < 
0.01) and recorded 38.55-100.00% from shoot tip 
and 27.44-100.00% from nodal segment explants. 
Swarna and Ravindhran [28] reported high shoot 
regeneration frequency of Talinum triangulare 
(Jacq.) Willd obtained on shoot tip on MS medium 
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FIGURE 1 

In vitro shoot regeneration, rooting and acclimatization of P. erectus. Multiple shoot regeneration  
from (a) shoot tip and (b) nodal segment explants on MS medium containing 1.00 mg/L  
KIN + 0.25 mg/L NAA after 8 weeks of culture; (c) in vitro rooted shoot on MS medium  

containing 0.25 mg/L IAA and (d) acclimatized plants in aquarium after 4 weeks 
 

containing KIN alone or KIN + NAA compared to 
node explant. 

Mean number of shoots per explants of shoot 
tip (Fig. 1a) and nodal segment (Fig. 1b) explants 
was recorded 3.87-22.61 and 2.50-24.44, 
respectively (Table 1). Maximum number of shoots 
per explant was achieved on MS with 1.00 mg/L 
KIN + 0.25 mg/L NAA that was recorded 22.61 for 
shoot tip and 24.44 for nodal segment explant. 
Higher numbers of multiple shoots were obtained 
on MS medium fortified with KIN and NAA 
compared to MS medium containing KIN singly for 
both explant types. Daneshvar et al. [29] reported 
best shoot proliferation on MS media containing 1.5 
mg/L KIN along with 0.15 mg/L NAA using shoot 
tip of Aloe vera L. . Similarly, it has been reported 
that greater number of shoots per explant from 
shoot tip and nodal segment explants of 
Peltophorum pterocarpum (DC.) Backer ex K. 
Heyne were recorded on MS medium with KIN + 
NAA compared to MS medium with KIN singly 
[30]. 

Shoot formation showed increased pattern 
with the increase in KIN concentrations regardless 
of the type of explants. This demonstrated that 
concentration of plant growth regulators have 
important effect on the successful shoot induction. 
The results are in accordance with the findings of 
Kane et al. [31], Myung et al. [32], Kanchanapoom 
et al. [33] and Niki and Amaki [34] who reported 
efficiency of different concentrations of growth 
hormones on the shoot regeneration in other aquatic 
plants. On MS medium supplemented with KIN 

alone, a maximum number of axillary shoots per 
explant was obtained from shoot tip (19.27) and 
nodal segment (21.50) explants planted on MS 
medium with 1.00 mg/L KIN, whereas the lowest 
number of shoots per explant in both explant types 
was achieved on MS medium with 0.25 mg/L KIN 
(Table 1).  

The highest shoot length of shoot tip was 
recorded as 5.64 cm on MS medium with 1.00 
mg/L KIN. Whereas, maximum longer shoots from 
nodal segment explants were recorded as 5.13 cm 
on medium supplemented with 1.25 mg/L KIN 
respectively (Table 1). The results revealed that 
shoot tip explants appeared to have a longer shoot 
than nodal explants in the tested media. This might 
be due to presence of young meristematic cells 
located in the shoot tip, which divided actively and 
contributes to the extension of the plant. These 
results are in line with findings of Kaviani et al. 
[35], who reported the best shoot length (1.20 cm) 
from shoot tip explants of Matthiola incana 
cultured on MS medium supplemented with 2 mg/L 
KIN without NAA. 

It was observed that the KIN singly was better 
for shoot length compared to the combination of 
KIN and NAA for both explant types. These results 
are in line with findings of Kaviani [36], who also 
cultured shoot tip explants of Eustoma 
grandiflorum on MS medium supplemented with 
concentrations of NAA (0-2 mg/L) and (0-2 mg/L) 
KIN and reported the best shoot length (2.158 cm) 
in MS medium supplemented with 1 mg/L KIN 
without NAA. Results on MS medium containing 
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KIN + NAA showed that longer  shoot length for 
shoot tip (5.34 cm) and nodal segment (4.82 cm) 
explants were recorded on MS medium 1.25 mg/L 
KIN + 0.25 mg/L NAA. In culture media, an 
increase in shoot length was recorded with increase 
of KIN concentration. Contrarily, a decrease in 
shoot length was determined with increase of KIN 
concentration in aquatic plant Hygrophila 
polysperma (Roxb.) T. Anderson [37]. 

Root induction was observed on some 
regenerated shoots cultured on multiplication 
medium. Whereas, shoots without rooting were 
subjected to rooting. Well developed in vitro-
regenerated shoots (3-4 cm in length) were excised 
and transferred to MS basal medium containing 
0.25 - 1.00 mg/L IAA for root formation. Root 
initials started within 8 days and 100% rooting was 
obtained after 4 weeks of culture (Fig. 1c). The 
presence of IAA at low concentration (0.25 mg/L) 
was better for root formation than other 
concentrations of IAA. In vitro rooted plantlets 
were acclimatized to aquarium containing tap water 
and sand. A rapid growth in length of the plants was 
observed in the first two weeks and plants achieved 
100.00% survival and acclimatization during 4 
weeks (Fig. 1d). Acclimatization of in vitro 
propagated aquatic plants such as Alternanthera 
sessilis (L.) [38], Cryptocoryne wendtii and 
Echinodorus cordifolius [39] has been reported 
already. 

 
 

CONCLUSION 

This study describes a simple protocol for 
large scale production of shoot tip and nodal 
segment explants of P. erectus cultured on MS 
medium containing KIN alone or in combination 
with NAA. The present study is the first ever report 
for in vitro shoot regeneration of P. erectus. The 
highest number of shoots per explant (24.44) was 
achieved from nodal segment explants cultured on 
MS medium fortified with 1.00 mg/L KIN + 0.25 
mg/L NAA. This protocol can be useful for the 
mass propagation on a large scale for commercial 
and can be provide in conservation of natural 
resources of P. erectus. Moreover, it can be 
employed for genetic transformation studies in 
these plants. 
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ABSTRACT 
 

In this paper, an interval finite element (IFE) 
method for solid structures with uncertain 
parameters using substructure method is proposed. 
The global stiffness matrix and the loading vectors 
are assembled based on the substructure method to 
reduce the dependency between the same interval 
parameters. Additional constrains are imposed using 
the penalty approach and the formulations for the 
substructure based IFE (Sub-IFE) method are 
deduced. In order to obtain the interval stresses, an 
approximation solution based on Taylor expansion 
method is presented and the result is modified 
further with the subinterval method when the 
parameters are at a high level of degree of 
uncertainty. Then the proposed substructure model 
is used to analyze the anti-slide stability of solid 
structures. With respect to the drawbacks of the 
satisfaction degree of interval which could not 
determine the stability or failure degree of the 
elements, a new uncertain evaluation system 
combined with the interval distance is proposed. 
Finally, numerical examples are carried out to 
demonstrate the reasonability and feasibility of the 
proposed method and evaluation system. 
 
 
KEYWORDS: 
Interval finite element, substructure method, subinterval 
method, interval evaluation criterion. 
 
 
INTRODUCTION 
 

The concept of uncertainty plays an important 
role in the investigation of various sciences and 
engineering problems [1].There has been an 
increased interest in modeling and analysis of the 
engineered systems under uncertainties due to the 
numerous sources of uncertainties existed in reality. 
Interval approach which only needs limited 
information to determine the bounds of variables is 
becoming increasingly popular for the analysis of 
numerical models. 

Interval concept for the representation of 

parametric uncertainty during the 
element analysis (FEA) constructs the interval finite 
element analysis (IFEA). The core problem is the 
dependency phenomenon oriented in the multiple 
occurrences of the interval variables which may 
result in some significant overestimation in the 
solutions [2, 3]. In recent literature, plenty of effort 
has been made to overcome the drawbacks to 
realize the engineering applications of IFEA. In the 
work of Dong and Shah [4] and Rao et al. [5], a 
vertex method was proposed and all possible 
combinations of the interval variables were taken 
into account to nd the minimal and maximal 
deterministic results. When the response variables 
are monotonic with respect to the uncertain input 
parameters, exact solution can be obtained. But the 
computational cost increases exponentially with the 
number of input intervals. Qiu et al. [6, 7] presented 
a new mathematical proof to the vertex solution 
theorem and studied the parallel arithmetic of the 
theorem in large-scale computations in practical 
engineering. Unfortunately, the solutions may be 
trapped in local optimum if the monotonic 
condition is not guaranteed. 

An interval iteration method based on 

Rump [8] which has been shown to be efficient and 
accurate for solving linear interval equations. But 
the direct use without dependency consideration 
may result in meaninglessly wide and even 
catastrophic results. Dessombz et al. [9] factored the 
interval parameters out of the stiffness matrix and 

algorithm. But it may become complicated when 
the interval variables increase. An interval-based 
uncertainty treatment called element-by-element 
(EBE) technique was proposed by Muhanna et al. 
[10, 12] and Zhang et al. [13]. The parameters of all 
the elements are assumed to be independent and the 
global stiffness is assembled element-by-element to 
eliminate the dependency in the element coupling 
process. The EBE based IFE (EBE-IFE) method was 
also extended to calculate the envelope frequency 
response functions with uncertain parameters by 
Yang et al. [14, 15] and the results indicated the 
effectiveness of the EBE model to frame structures. 



© by PSP  Volume 25  No. 11/2016, pages 4783-4794   Fresenius Environmental Bulletin  

4784 

 

Up to now, most of the approaches are concentrated 
in analyzing the uncertainty of frame structures to 
obtain sharp enclosures of the displacement and few 
approaches based on interval algorithm are 
introduced to solve solid structures. Besides, 
problems occur when the EBE-IFE method is 
directly extended to the analysis of uncertain solid 
structures. 

This work focuses on the IFEA for solid 
structures with uncertain parameters. Considering 
the dependency between different element 
parameters, a substructure based IFE (Sub-IFE) 
method is presented using the substructure method 
and the interval solutions of the element stresses are 
discussed. Incorporating with the application of the 
anti-slide stability analysis, an interval evaluation 
system with two indexes based on the satisfaction 
degree of interval and the interval distance is 
proposed. In Section 2, a brief summary of interval 
arithmetic is presented. Section 3 introduces the 
proposed substructure based IFE method and the 
interval solutions of the stresses are desiccated. 
Section 4 presents the interval evaluation system 
for anti-slide stability analysis. In section 5, 
numerical results are obtained with the proposed 
method and compared with the vertex solutions and 
the solutions given by the EBE based IFE method. 
Finally, conclusions are made in section 6. 
 
 
INTERVAL CONCEPTIONS 
 

Basic definitions. In this paper, matrix will be 
introduced in bold face and interval quantities 
(interval number, interval vector, interval matrix) 
will be denot , 

[ , ] :Ix x x x R x x x            (1) 

Where x  and x  are respectively the lower 

and upper bounds of interval numbers. The set of all 
the closed real intervals is denoted by IR. Let 

( ) 2cx x x  and ( ) 2x x x  be the midpoint 

and the radius of Ix  respectively, then 
Ix  can be 

expressed as  

[ , ]I I
c c cx x x x x x x .        (2) 

Normally it is convenient to write the interval 
in the midpoint form 

(1 )I I
cx x                           (3) 

Where I is a zero-midpoint interval named 
the interval multiplier. For example, when we say x 
has 2% uncertainty, it means =[ 0.01,0.01]I , and 

(1+[ 0.01,0.01])I
cx x  [16]. 

An interval vector is a vector whose 
components are interval numbers. An interval matrix 

IA  is interpreted as a set of real m n  matrices 
by the convention, 

 for 1, , ;  1, ,I m n I
ij ijA A i m j nA A R 1m j n, ;  1, ,;  , ;   (4) 

The interval matrix can also be expressed as  
=[ , ] (1+ )I I I

c c c cA A A A A A A A d   (5) 

Where ( ) 2cA A A  and ( ) 2A A A . 

dI represents the interval multiplier matrix and 
I I

cd A A . 

 
Dependency phenomenon in interval 

arithmetic. In interval calculation, a 
sub-distributive law ( )I I I I I I IX Y Z X Y X Z  
holds, which is different from the real number case. 
This phenomenon is oriented from the more than one 
occurrence of some intervals which is called the 
dependency phenomenon. The interval arithmetic 
implicitly made the assumption that all intervals are 
independent even if they represent the same physical 

quantity. Therefore, I Ix x  is treated as I Ix y  

and the result is not equal to zero. Actually, all the 

possible results of difference lying within Ix  are 

calculated instead of dependence between the two 
identical numbers. Ignorance of the dependency 
phenomenon results in the overestimation of the 
solutions. 

The quality of interval analysis is measured by 
the length of the interval results, and a sharp 
enclosure for the exact solution is desirable. 
Reducing the overestimation is the crucial issue to a 
successful interval method. Well understanding of 
the physical nature of the problem benefits for 
achieving sharp results. 

 
Satisfactory degree of interval. The 

satisfaction degree of interval represents the 
possibility that one interval is larger or smaller than 
another, which is used to compare intervals. For 
intervals AI and BI

degree P(AI I ) expresses as follows [17]:  
max(0,len( ) len( ) max(0, ))

( )
len( ) len( )

I I
I I

I I

A B A B
P A B

A B

  (6) 

Where  an interval: 
len( ) 2 ,  len( ) 2I IA A A A B B B B  (7) 

P(AI BI 

possibility that AI is smaller than BI (or BI is larger 
than AI ). There are a total of six expressions for two 
intervals and based on these Eq. (6) can be written 
as follows: 

0

( )
len( ) len( )

1

I I
I I

A B

B A
P A B else

A B

A B

       (8) 

When BI is degenerated into a real number b, 
the satisfaction degree P(AI b) has the following 
form: 



© by PSP  Volume 25  No. 11/2016, pages 4783-4794   Fresenius Environmental Bulletin  

4785 

 

0

( )
len( )

1

I
I

A b

b A
P A b A b A

A

A b

.              (9) 

 
 
SUBSTRUCTURE BASED IFE METHOD AND 
ITS BASIC FORMULATIONS  
 

In practical engineering, to treat trusses or 
beams of frame structures which are made separately 
as independent elements is much closer to the 
reality. But in solid structures distribution of the 
parameters especially the material constants is quite 
different. The elements consisted of the same 
component are supposed to have the same material 
parameters and vary dependently with each other. 
Besides, parameters for solid structures are often 
with large uncertainties. In these cases, the EBE-IFE 
method is not that suitable. 
 

Substructure based global stiffness matrix. 
Fig. 1 shows a grid of a homogeneous plane plate 
with four elements. In reality

usually treated as a constant [6]. Assume the 
Y  EI, 
where EI can be written as EI=Ec (1+  I ). According 
to Eq. (5), the element stiffness matrix can be 
expressed as 

( + ),  =

e e

I
i

I I I
i ic i i

I
i n n

K K I d d   (10) 

Where I
id , 1,2,3,4i , is called the element 

interval multiplier matrix and ne is the element 
degree of freedom (d.o.f.). Since parameters of the 
four elements vary dependently, we get 

1 2 3 4= = =I I I Id d d d . In this situation, instead of 

reducing the dependency phenomenon, the use of 
EBE technical increases the occurrences of the 
element interval multiplier matrix Id which causes 
the dependency problem and results in certain 
overestimation. 

In order to overcome such disadvantage, the 
substructure method is introduced to generate the 
global matrix. As shown in Fig.1, the four elements 
of the same parameters can be treated as a 
substructure and all the element stiffness matrixes 
are coupled. The stiffness matrix of the substructure 
here is the same as the global one. Taking the global 
stiffness coefficient in the x-direction at node 5 as 
example, the value is 

1 2 3 4
I I I I IK k k k k ,               (11) 

Where I
ik , 1,2,3,4i , represents the 

corresponding local stiffness coefficient. Replacing 

I
ik  with the midpoint form as (1+ )I

ick  and 

factoring out the interval part, Eq. (11) changes into   

1 2 3 4( )(1 )I I
c c c cK k k k k .         (12) 

 
 

 
 

FIGURE 1 
Grid of a plane plate with four elements. 

 
 

Thus the stiffness matrix of the substructure, 
i.e. the global stiffness matrix, can be derived as 

( + ),

I

I I I I
c

I

n n

K K I D D d
   (13) 

Where ID  is the global interval multiplier 
matrix, n represents the degree of freedom of the 

structure. In Eq. (13) 
Id occurs just once and 

increasing of the element number of the solid 
structure only changes the size of the matrix but has 
no effect on the interval solutions. 

Suppose substructure A is consisted of 
element 1 and element 2 and substructure B is 
consisted of element 3 and element 4. Parameters 
are dependent in each substructure but independent 
between substructures. Detaching A and B from the 
solid structure, the global stiffness matrix generated 
by assembling the substructure stiffness matrixes of 
A and B is written as 

( )
I

ac aI I a
c I

bc b b

K I d
K K I D

K I d

  (14) 

Where 
I
ad  and 

I
bd  vary independently in 

their interval descriptions. 
Furthermore, if all the four elements in the 

solid structure are treated as independent 
substructures, the global stiffness matrix obtained 
by substructure method holds the same expression 
as the one provided by EBE technical. From this 
point of view, the EBE model can be considered to 
be a special kind of the substructure based IFE 
model. 

In general, a solid structure can be detached 
into different parts referring to the material 
distribution. The resulting disjointed structure is 
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called the substructure model of the original 
structure. When there are multi-substructures 
contained in a solid structure, the global stiffness 
matrix of the substructure model can be written as 

( )I I
cK K I D                     (15) 

Where Kc and DI are in the following for
m  

1 1

,

I
c

I
c

I
Nc N

K d

K D

K d

, ID, .    (16) 

In Eq. (16), Kic= the stiffness matrix given by 
the midpoint of IE  and =I

id  the interval 

multiplier matrix of the ith substructure, where i 
changes from 1 to N. Here N stands for the number 
of the substructures (similarly hereinafter). Since 

I
id  is diagonal, ID  is diagonal too. 

 
Governing equations for substructure 

model and its solutions. Since all substructures are 
detached, compatibility of the displacement in the 
original solid structure is destroyed which results in 
the singularity of the global stiffness matrix. 
Additional constraints should be imposed to recover 
the connections between substructures and ensure 
the compatibility of the displacement. The imposed 
constrains using penalty approach express as   
Cu q                                (17) 

Where q is often chosen as a zero vector, C is 
consisted of 1,1 and 0. If C 
u2 u4=0, i.e. u2=u4

is augmented by a penalty term 1
( ) ( )

2
TCu Cu

, 

where  is a diagonal matrix of penalty numbers 

i . Therefor 

* 1 1
( )

2 2
T T Tu Ku u P Cu Cu .          (18) 

Invoking the stationarity of * , that is 
* 0u , results in 

TK C C u P                          (19) 

or  
K Q u P                            (20) 

in which TQ C C . As  grows, u changes in 

such a way that the constraint equations are more 

nearly satisfied. Normally, the value of i  can be 

chosen as 106~108 times of the maximum element 

maxk  in matrix K.    

In IFEA, the global sti ness matrix and the 
load vector are interval quantities, leading to the 
interval version of Eq. (20)  

I I IK Q u P                          (21) 

In Eq. (21), both of the global stiffness matrix 
and the load vector are generated by substructure 
method, thus the displacement vector uI in 

substructure model is  

1( )I I I
Nu u u )I
N

                     (22) 

Where 
I
ju ,  1, ,j NN, , is the displacement 

vector of the substructures. 
Let I IA K Q , using the interval iteration 

method proposed by Rump [8], the solutions of Eq. 
(21) can be obtained as  

1( ) ( )( )) (In II I II n
cRP RA A uu I Ru   (23) 

Where R is a preconditioning matrix and 1
cA  

is recommended to be a good choice of R [18]. 

cu is the calculated by RPc and Pc is the midpoint 

of PI. Iu  is the interval part of uI. 
I

is an 
interval called the  to 
accelerate the iteration process [19]. 

[1 ,1 ]I , where  is a number within 

0.001 and 0.1. The iterations stop when 
1( ) int( )I n I nu u  and the algorithm converges 

if and only if (| ( ) |) 1II RA , i.e. the spectral 

radius of the absolute value of ( )II RA  is less 

than one. The smaller is the faster the 

convergence will be. 

Substituting IA  for I
c cA K D  and IP  

for I
cP P  in Eq. (23), the result is 

 
1( ) ((

(

( )

)

)I I
c c c c

I n I I n

I I n I
c

RP R P u RK D u

K

u

R P R M

u

(24) 
As mentioned in Eq. (14) that there are many 

interval multipliers in ID , a rule for matrix 
multiplication can be used to represented 

( )( ( )I I nI
c uD u  as ( ) II nM [16], where 

( )I nM  and I  are given respectively by   

1 1 1( )

( ) = ,

( )

I I n I

I n I

I I n I
N N N

u u

M

u u

I, II

(25) 

Where ( )I I n
j ju u , for  1, ,j NN, , is 

the interval displacement vector for substructures. 
All deterministic calculations in Eq. (24) should be 
done before interval arithmetic to keep a sharp 
enclosure. If the applied load is determined, i.e. 

I
cP P , Eq. (24) can be rewritten as  

1 (( )) I nn
c

I IRK Mu                (26) 

Finally, interval solutions for Eq. (21) is added 
up by  

1( )II
c

nuu u                       (27) 

 
Interval stresses. In IFEA for solid structures, 

according to the formulation of the deterministic FE 
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model, interval stresses in each element can be 
obtained from 

I I I
eD Bu                           (28) 

Where ID  is the interval element elasticity 
matrix, B is the strain-displacement matrix and I

eu  

is the element displacement vector calculated by 
I I
eu Lu , in which L is an element Boolean 

connectivity matrix. Rewriting ID into (1 )I
c iD  

and substituting Eq. (27) into Eq. (28), the interval 
stresses are obtained as 

(1 )( + ( ) )I I I I n I
i c c c cD BLR P D BLRK M

(29) 
Where c is calculated by c =DcBLuc and i 

represents the uncertain substructure which the 
element belongs to. After all the deterministic 
calculations are done, Eq. (29) can provide a sharp 
enclosure of stresses only when parameters are at a 
low level of degree of uncertainty. Due to the 
dependency between (1 )I  and ( )I n IM , the 

results of Eq. (29) are getting worse with respect to 
the increase of uncertainties of the intervals.  

Two means are introduced to improve the 
solutions. 

(1) Taylor expansion method. The first Taylor 
expansion of Eq. (29) at the midpoint of the interval 
parameters can be given by 

2
1

( )
I

c

IN
I I I I

c j I
j j

R          (30) 

Where 2 ( )I IR  is the interval allowance 

and  

'

'
I

c

c c c

II
c c c c i

I
c c c jj

j i

j i

D BLu

D BLRK M

D BLRK M

  (31) 

in which 
I I

cD BLR P , mid( )I
cM M ,

1(0 ,...,1 ,...,0 )T
m m N

. When the parameters 

are at a low level of uncertainty, 
2 ( )I IR  can be 

omitted and an approximation of the stresses is 
given by 

1 I
c

IN
I I

c j I
j j

               (32) 

In Eq. (32), each interval only appears once and the 
dependency eliminates. 

(2) Subinterval method.  Sharp solutions 
can be guaranteed at a low level of degree of 
uncertainty based on interval arithmetic. 
Unfortunately, parameters of solid structures in 
practice especially the material constants vary in a 
much wide range. In this case, using the original 
intervals directly to calculate Eq. (29) may result in 
unexpected overestimation in the responses. 

Subinterval method is a high efficient technique to 
deal with large uncertainties.  

To take the elasticity modulus I
iE  of the ith 

substructure as example, the subintervals according 
to Ref. [20] are expressed as follows 

, ,
, , ,

2( 1) 2
[ , ],  1, ,i m i mI

i m i m i m i
i i

M
M M

m E m E
E E E m , iM

(33) 

Where ,
I
i mE  represents the mth subinterval 

of I
iE  and 

iM  is the number of subintervals for 

I
iE . Total combinations of all subintervals from 

different elasticity moduli are  

1 2T NM M M MNM .                    (34) 

Under any subinterval combination, there 
forms  

1 1

,I I I I
k

k

M M

k
k

K K u u,I I I
k kK u u,I II
k

                (35) 

Where I
kK  and 

I
ku  represent the global 

stiffness matrix and the displacement vector of the 
combination respectively. Supposing 

, ( 1, , )I
i k i M, ),  is the degree of uncertainty for 

the kth combination, the stresses can be written as  

,

,
1 ,

,  1, ,
I
k c k

IM
I I k
k kc j k TI

j j k

k M, TM,  (36) 

Finally, the total stresses can be formulated by  

1

M
I I

k
k

I
k

                           (37) 

To solid structures with few interval 
parameters, subinterval method do great help to 
improve the interval stresses. Furthermore, the 
monotonicity of the input parameters can be used to 
reduce the total combinations.  
 
 
AN INTERVAL EVALUATION CRITERION 
FOR STABILITY ANALYSIS 
 

The classical stability analysis for solid 
structures is based on deterministic theory and all 
the evaluation indexes are treated as deterministic 
variables. Since uncertainties exist objectively in 
engineering practice, the deterministic result is 
merely one of the indeterminate engineering states. 
As a result, it is difficult to ensure the reliability of 
the result. 

In IFEA, the evaluation indexes and the 
evaluation criterion should be expressed by 
intervals. Assuming SI is the result obtained by 
IFEA and RI is the evaluation index, an interval 
evaluation criterion based on interval variables 
using the satisfactory degree of interval can be 
formulated as 
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0

( )
len( ) len( )

1

I I
I I

S R

S R
P S R else

S R

S R

        (38) 

Where P is a deterministic quantity. When 

S R , i.e., P =0, the structure is always unstable; 

when S R , i.e. P=1, the structure is always in a 

safety state; Or else, P varies from 0 to 1 which 
shows the possibility of stability of the original 
structure. 

In engineering practice, except for the state of 
stability, the degree of stability or failure of the 
original structure is also important which can 
predict the next possible state of the structure. Here 
introduces the concept of interval distance which 
indicates the closeness degree between two 
intervals. Given two intervals [ , ]IA A A  and 

[ , ]IB B B , the distance between 
IA  and 

IB  

is defined as [21, 22] 

2 21
( , )=

3
I I

c cd A B A B A B      (39) 

Let [2,4]IA  and [8,12]IB , the value 

of ( , )I Id A B  is 7.21. It is much larger than the 

safety factor which varies generally around 1. The 
midpoint of BI can be used to limit the distance 
from 0 and 1. Then we get ( , ) 0.721I I

cd A B B  

which is very convenient to combine with the 
satisfaction degree of interval. According to the 
improved distance, Eq. (38) can be modified by 

0 ( , ) /

( , )
len( ) len( )

1 ( , ) /

I I
c

I I
I I

I I
c

d S R R S R

S R
P S R d esle

S R

d S R R S R

        (40) 

Where ( , )I IP S R d  is the proposed 

evaluation criterion with two interval indexes. The 
result shows not only the state of stability but also 

the degree of stability or failure of the original 
structures.  

 
 

NUMERICAL EXAMPLES 
 

Solid structure with one substructure. The 
computational model is shown in fig. 1 and on the 
right side there applies a uniformly distributed load 
q=1.0KN/m2 to the x-direction. The elasticity 
modulus of each element is 

1 2 3 4
I I I I IE E E E E . The midpoint of EI is 

Ec=2.1×106KN/m2 and the Poisson ratio is =0.167. 
The plate can be treated as one substructure. 

To solve this problem, the EBE-IFE method, the 
Sub-IFE method and the vertex approach are used. 
Fig. 2 shows a comparison of the interval 
displacements in y-direction at point A obtained by 
the three methods respectively with respect to the 
change of uncertainties of the elasticity moduli. Fig. 
3 compares the same interval displacements under 
the change of the mesh elements with 2% 
uncertainties of E. 

In Fig. 2 and Fig. 3, the use of EBE model for 
solid structures with dependent parameters results 
in overestimation compared to the other two 
methods especially with respect to the increase of 
the uncertainties and the element number. Besides, 
the EBE-IFE method needs to calculate more 
equations than the Sub-IFE method. While the 
proposed Sub-IFE method gives much sharper 
results which are much closer to the vertex 
solutions compared to the EBE-IFE method. 
Furthermore, the change of the element number has 
no effect on the solutions of the substructure model. 
These conclusions indicate the rationality and 
feasibility of the proposed Sub-IFE method for 
solid structures. 

 

 
 

 
 

FIGURE 2 
Length of y-displacement at point A versus  
the uncertainties of the elasticity moduli. 
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FIGURE 3 
Length of y-displacement at point A versus 
 the element number with 2% uncertaintie. 

 
 

       
                 
                FIGURE 4                                       FIGURE 5 
       2-D model with a soft interlayer.                   FEA mesh model of the structures. 
 
 

Solid structure with three substructures. 
The computational model is shown in Fig.4, where 
the upper solid is made of concrete with the 
material constants of E1c =2.4×104MPa, =0.167 
and  =24KN/m3, parameters of the foundation are 
E2c =2.0×104MPa and =0.25 (Regardless of the 
deadweight of the foundation) and parameters of 
the soft interlayer located between the upper part 
and the foundation are E3c =1.25×103MPa, =0.25, 
 =21.5KN/m3, c=0.1MPa and =32°. The thickness 

of the soft interlayer is 0.02m and the applied load 
F is 300KN/m. 

As shown in Fig. 5, there are sixty elements 
and eighty nodes altogether, where the soft 
interlayer is divided into four elements. The left 
side, the right sides and the bottom of the 
foundation are under normal constraints. Assuming 
elements of the same material to be dependent, the 
solid can be treated as a model with three 
substructures. Suppose the elasticity moduli of all 
the substructures are intervals with 8% 
uncertainties. The load varies in [290, 310] KN/m. 

A linear elastic analysis is carried out to 
evaluate the anti-slide stability of the elements 
belong to the soft interlayer. The center surface in 
y-direction of the interlayer is supposed to be the 

potential sliding surface. In deterministic FEA, the 
safety factor K is given by 

fK                                (41) 

Where tgf c ,  and  are the 

normal stress and the shear stress respectively 
applied on the sliding surface. In IFEA, since  

and f  are intervals, Eq. (41) can be rewritten as  

tgI
I

I

c
K                        (42) 

Where IK  is a nature inclusion of the classic 
safety factor to interval conception. According to 
Eq. (40), the newly defined safety factor is 

0 ( , ) /

( , )
len( ) len( )

1 ( , ) /

I I
f c f

fI I
f I I

f

I I
f c f

d

P d esle

d

    (43) 

To solve this system, the EBE-IFE method, 
the Sub-IFE method and the vertex approach are 
used again. Fig.6 shows the displacement of the 
nodes on the interface between the upper part and 
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the soft interlayer. The result shows that the 
Sub-IFE method provides a sharper exclusion of the 
vertex method compared to the EBE-IFE method. 
The normal and the shear stresses of the interlayer 

elements are shown respectively in Table 1 and 
Table 2. Table 3 lists respectively the safety factors 
of the interlayer elements obtained by Eq. (42) and 
Eq. (43). 

 
 

 
 

FIGURE 6 
Displacement of nodes on the interface between the upper parts. 

 
 

TABLE 1 

Normal stresses of the interlayer elements y  (unit: 10KPa). 

 

Element ID EBE-IFE Sub-IFE Vertex method 

57 [6.679,9.279] [7.038,8.892] [7.128,8.788] 
58 [-10.738,-9.363] [-10.437,-9.639] [-10.339,-9.741] 
59 [-8.219,-7.170] [-7.909,-7.357] [-7.889,-7.485] 
60 [-30.749,-26.773] [-29.91,-27.556] [-29.467,-27.980] 

 
 

TABLE 2 

Shear stresses of the interlayer elements xy  (unit: 10KPa). 

 

Element ID EBE-IFE Sub-IFE Vertex method 

57 [22.448,26.477] [22.720,26.175] [23.340,25.510] 
58 [7.964,9.488] [8.150,9.280] [8.220,9.205] 
59 [8.233,9.767] [8.414,9.564] [8.547,9.415] 
60 [16.684,19.473] [16.926,19.204] [17.164,18.957] 

 
 

TABLE 3 
Safety factors of the interlayer elements. 

 
Element  

ID 
EBE-IFE Sub-IFE Vertex method 

Eq.(42) Eq.(43) Eq.(42) Eq.(43) Eq.(42) Eq.(43) 

57 [0.159,0.260] -0.798 [0.170,0.247] -0.796 [0.177,0.238] -0.795 

58 [1.671,2.098] 1.869 [1.727,2.027] 1.868 [1.748,2.002] 1.869 

59 [1.483,1.838] 1.649 [1.539,1.768] 1.648 [1.559,1.747] 1.649 

60 [1.373,1.751] 1.554 [1.417,1.695] 1.551 [1.450,1.655] 1.549 
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In Table 1 and Table 2 the stresses given by 
EBE-IFE method is calculated by Eq. (29) and the 
stresses given by Sub-IFE method is calculated by 
Eq. (32). The results show that the Sub-IFE method 
provides sharper enclosures of the vertex method 
compared to the EBE-IFE method. Besides, the 
number of degrees of freedom in the Sub-IFE 
model is 157 which reduce the calculation cost 
greatly compared to the value in the EBE-IFE 
model with 440. 

In Table 3 the safety factors obtained by Eq. 
(42) are intervals and those are given by Eq. (43) 
are deterministic quantities. The negative value 
indicates that the element of 57 is always broken 
when the parameters vary in their ranges and the 
degree of failure is at a level of 0.798. While the 
positive values indicate the elements of 58, 59 and 
60 are always stable with the degrees of stability of 
0.869, 0.649 and 0.554 respectively. The factors 
provided by Eq. (43) show a good consistency to 
the interval factors. However, determined quantities 
are in much better accordance with the human 
cognitive. It indicates that the proposed interval 
evaluation criterion is reasonable and feasible. 

It should be pointed out that when the 
midpoints of two intervals are determined, the main 
effect on the distance is the length of intervals 
according to Eq. (39). It means theoretically the 
order of the factors given by Eq. (43) should be 
EBE-IFE>Sub-IFE>Vertex. While there are some 
differences of the midpoints between interval 
arithmetic and the vertex approach, so the factors of 
the vertex method are sometimes larger than the 
others. 

 
Solid structure with large uncertainties. 

Interval arithmetic posts a better performance at 
small uncertainties of the input parameters. 
Unfortunately, parameters for solid structures in 
practice are often at a high level of degree of 

uncertainty. Continue to take the computational 
model in Fig. 4 as example. For a sake of 
simplicity, only the uncertainty of the elasticity 
modulus of the soft interlayer is considered. That 
means the parameters of the upper part and the 
foundation and the applied load are determined to 
the midpoint. Assume the elasticity modulus of the 
interlayer varies in [1.0, 1.5] ×103MPa with 40% 
uncertainty. The proposed Sub-IFE method is used 
to calculate the model. The results are compared 
with the vertex method. 

Large uncertainty results in significantly 
overestimated and meaningless solutions. In this 
example the subinterval method is used to improve 
the results given by the Sub-IFE method. The 
spectral radius of | ( ) |II RA is an important 

reflection of the convergence situation of interval 
arithmetic. Fig.7 shows the investigation of the 

(| ( ) |)II RA  for this example. Fig.8 shows the 

displacements of node 9 on the interface in Fig. 6 
with respect to the change of subintervals. 
 
 

 
 

FIGURE 7 
Values of the spectral radius versus the num

ber of subintervals 
 

 
 

   
 

(a) Upper bounds                            (b) Lower bounds 
FIGURE.8 

Displacements of node 9 in x-direction versus subinterval: 
(a) Upper bounds; (b) Lower bounds 
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TABLE 4 

Normal stresses of the interlayer elements y  (unit: 10KPa). 

 

Element 
ID 

Direct solutions 
using Eq. (32) 

Modified solutions by 
subintervals using Eq.(37) 

Vertex method 

57 [7.326,8.579] [7.720,8.121] [7.920,8.030] 
58 [-11.285,-8.781] [-10.352,-9.603] [-10.210,-9.759] 
59 [-12.713,-2.656] [-8.006,-7.452] [-7.912,-7.450] 
60 [-38.806,-18.635] [-29.189,-28.178] [-28.720,-28.648] 

 
 

TABLE 5 

Shear stresses of the interlayer elements xy  (unit: 10KPa). 

 

Element  
ID 

Direct solutions 
using Eq. (32) 

Modified solutions by 
 subintervals using Eq.(37) 

Vertex method 

57 [21.914,26.919] [23.491,25.108] [23.934,24.786] 

58 [4.777,12.635] [8.287,9.266] [8.356,9.172] 
59 [5.518,12.442] [8.688,9.383] [8.778,9.259] 
60 [15.688,20.407] [17.462,18.483] [17.785,18.230] 

 
 

TABLE 6 
Safety factors of the interlayer elements . 

 

Element 
ID 

Direct solutions Modified solutions Vertex method 
Eq.(42) Eq.(43) Eq.(42) Eq.(43) Eq.(42) Eq.(43) 

57 [0.172,0.247] -0.797 [0.196,0.220] -0.792 [0.201,0.211] -0.794 

58 [1.226,3.570] 1.923 [1.727,1.987] 1.851 [1.755,1.960] 1.854 

59 [0.937,3.252] 0.941 [1.562,1.727] 1.642 [1.614,1.673] 1.642 

60 [1.061,2.183] 1.615 [1.494,1.617] 1.554 [1.533,1.569] 1.551 

 
 

Fig.7 indicates that with respect to the increase 
of subintervals, the spectral radius is getting 
smaller. When the number of subintervals is less 
than 10, the value of  varies greater than the case 
when the number of subintervals is larger than 10. 
The results in Fig.8 indicate that when the 
subintervals are larger than 10 the displacements 
given by the Sub-IFE method are so closed to the 
vertex solutions that changes of the subintervals 
have less effect on improving the solutions. Thus, 
the elasticity modulus of the interlayer in this 
example can be divided into 10 subintervals. 
Considering the monotonic of the parameters, 
calculations only need to be performed twice to 
obtain the final solutions. Table 4 and Table 5 show 
respectively the normal stresses and the shear 
stresses on the sliding surface using the Sub-IFE 
method. Table 6 gives the safety factors using 
different methods. 

Comparing the results in Table 4, Table 5 and 
Table 6, conclusions can be made as follows: 

(1) In Table 4 and Table 5, only two 
calculation processes are executed for ten 
subintervals and the modified stresses provide more 
sharp enclosures of the vertex method compared to 
the direct solutions. It shows the effectiveness of 
the Sub-IFE method combined with the subinterval 
method for solid structures with few but large 
uncertain intervals. 

(2) In Table 6, interval safety factors based on 
the direct solutions are obviously overestimated 
compared to the results obtained by the other two 
methods. The corresponding factors given by the 
proposed interval evaluation criterion perform to be 
in the same situation. Since the results based on the 
direct solutions are much larger, the interval factor 
of element 59 even includes the critical value 1. As 
a result, the deterministic factor turns out to be 
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0.941. It means that the degree of stability of 
element 59 is 94.7% which is absolutely opposite to 
the other two factors. So the use of the proposed 
evaluation criterion should be based on more 
reasonable interval responses. 

(3) Comparing to the deterministic factors 
given by the proposed evaluation criterion, the 
results are in the order, from big to small, the 
factors based on the direct solutions, the factors 
based on the modified solutions and the factors 
based on the vertex solutions (The reason of the 
differences in the vertex solutions has been pointed 
out previously). It can be seen that the larger the 
factors here are not related to how safe the 
structures will be. On the contrary, for elements in 
absolutely safety or failure situations the smaller 
the factor is the more reliable the result turns out to 
be. 

 
 

CONCLUSIONS 
 

An interval finite element method using 
substructure method has been presented to 
determine the responses for solid structures with 
uncertain parameters. Considering the dependency 
of parameters of the same material, there is no need 
to calculate the response under the independent 
assumption of all element parameters. The 
computation cost is thus significantly reduced and 
sharp enclosures are obtained. The approximate 
stresses based on Taylor expansion function 
eliminate the dependency in stress formulations and 
provide more narrow results. With respect to large 
but few uncertainties, the stresses are greatly 
improved with subintervals. Furthermore, a new 
interval evaluation criterion is proposed. Based on 
the satisfactory degree of interval and the interval 
distance, the method successfully uses a 
deterministic factor to describe the stability in 
nondeterministic condition. The feasibility and 
rationality of proposed method has been 
demonstrated by numerical examples. 

The results are comparable with those 
obtained by the EBE-IFE method and the vertex 
solutions. It is found that the results given by the 
EBE-IFE method change greatly in different 
uncertainties and different element numbers. The 
Sub-IFE method, in contrast, is more effective. It is 
worth mentioning that the proposed method is 
applicable to linear systems with interval 
parameters. It is suitable for small uncertainties of 
system parameters. With respect to large but few 
uncertainties, the proposed method should be 
modified by subintervals. While the number of 
subintervals is mainly depend on the value of the 
specular radials. In general, the results are good 
when the specular radials of the subintervals are 
around 0.1. The deterministic safety factor which is 
corresponding to the interval factor based on the 

classical conception evaluates the state of safety 
and the degree of stability or failure simultaneously. 
It should be pointed out that the deterministic 
factors need to be calculated based on accurate 
solutions. The larger the results obtained by 
different interval methods do not mean the safer the 
structures are. On the contrary, larger results imply 
more significant overestimation in the 
corresponding solutions. On the other hand, 
considering the generality of the Sub-IFE model, it 
can be applied to space problems. The interval 
evaluation criterion can be promoted to problems 
except the anti-slide stability analysis too. 
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ABSTRACT 
 

The study was 
purpose of comparing the two regression 
coefficients of the relation related to pesticide 
consumption during the 2010-2014 period. Data 
related to pesticide consumption were acquired 
fr Provincial Directorate of Food, 
Agriculture and Livestock. At the beginning of the 
study, the total amount of pesticide consumed in 
2010 was 768 tons, while this figure has increased 
in 2014 by a rate of 58.9 %, reaching 1.303.74 tons. 
Based on the regression analysis results of the 
pesticide groups; a positive linear relationship was 
established between insecticide consumption and 
years, such as y=0.22x+53.1 regression equation 
and R2=0.0183 value, between herbicide 
consumption and year, such as y=66.918x-134469 
regression equation and R2=0.4961 value, between 
acaricide consumption and years, such as 
y=19.546x-39269 regression equation and 
R2=0.4929 value, between other pesticide 
consumption and years, such as y=20.463x-41148 
regression equation and R2=0.5237 value, while; 
between fungicide consumption and years, a 
negative linear relationship, y=-1.658x+3461.2 
regression equation and R2=0.0726 value, were 
established. The particular increase in consumption 
of acaricide, herbicide and other pesticide groups in 
recent years can be associated with a change in 
product pattern, unconscious and extreme pesticide 
usage, lack of crop alternation and harming the 
useful pests in nature. In addition, stable levels of 
fungicide and insecticide consumption may be 
associated with preferring pesticides with specific 
active substances and partially, with producers 
becoming more conscious.  
 
 
KEYWORDS: 
Agriculture, Pesticide, Regression, Chemical Control, 

 
 
 
 
 
 

INTRODUCTION 
 

Among various agricultural control methods, 
chemical weeding was a share of over 95 %, used 
against disease and weeds which cause problems in 
herbal production, and this method is still valid 
today [1]. Currently, the rate of yield loss due to 
above mentioned factors is approximately 35 % in 
the world [2], and it was reported unless necessary 
measures are taken, this rate may be doubled [3]. It 
was reported the pesticide market in the world is 
worth approximately 45 billion dollars, while the 
market in Turkey is worth around 600 million 
dollars [4]. Herbicides have the biggest share by 
41.5 % among pesticides. They are followed by 
insecticides by a share of 27.1 %, while the share of 
fungicides is 21.5 % [5]. In terms of pesticide 
consumption, Latin American countries (Bahamas, 
Colombia) are the leading countries, and they are 
followed by Japan, China, Malaysia and New 
Zealand [6]. Of the EU countries, the Netherlands 
and Italy are noted for high pesticide consumption 
levels. In Turkey on the other hand, it is estimated 
that pesticide consumption is 1.3 kg/ha [7]. 
According to 2014 data, pesticide consumption in 
Turkey is 39.722 tons. 41.9 % of this is fungicide 
(16.674 tons), 19.6 % is herbicide (7.794 tons), 19.1 
% is insecticide (7.586 tons), 3.8 % is acaricide 
(1.513 tons), 15.1% is other (6.007 tons) and 0.5 % 
is rodenticide (149 tons) [8]. In Turkey, there is a 
heterogenic structure between regions and 
provinces in terms of pesticide consumption [9]. 
Pesticide consumption in the Aegean and 
Mediterranean Regions make up approximately 50 
% of the total national consumption [10]. The total 

1.303.74 tons. When we take a look at the previous 
pesticide consumption studies in Turkey; In their 
study examining the pesticide usage in the Province 

-1999, Kara et al. [11] were 
reported particularly at potato and apple cultivation 
areas in the Province of , there is a heavy 
inclination for pesticide usage. They were also 

average amount of pesticide consumed has highly 
increased, compared to 1955-1998 period [12]. 

 [13] were observed in Isparta 



© by PSP  Volume 25  No.11/2016, pages 4795-4801  Fresenius Environmental Bulletin  

4796 

and surrounding districts, insecticides are being 
heavily used, while fungicides and acaricides are 
the preferred type of pesticides. According to data 
from the yea  [14] 
were reported by the amount of pesticide used per 
unit area of 128 g/da and this ratio in line with the 
average of Turkey's level. In Turkey, no studies 
have been conducted on analysing the use of 
regression model for pesticides used in agricultural 
control.  

In this sense, the study has been conducted 

regression coefficients of the relation related to 
pesticide consumption during the 2010-2014 
period. 
 
 
MATERIALS AND METHODS 

 
Study area. 

province within 7.904 km2 area which has 

western Turkey in the Aegean region has a total 
area of 800.700 ha. The total area of 363.215 ha 
(29.720 ha of good agricultural land, 25.242 ha of 
grassland, forest land 315.132 ha, 14.950 ha of 
lakes and swamps, as 82.161 ha of non-agricultural) 
of the farming is done [15]. 
 

Data use. Data for this study has been 
acquired from the pesticide consumptions 2010-

2014 statistics report, prepared by the 
Ministry of Food Agriculture and Livestock, n 
Directorate of Provincial Food, Agriculture and 
Livestock, and  all these data make up our material 
[15] (Table 1). 

 
Method. In this study; to determine whether 

there is any relation between two variables, a reply 
(Y) and an explanatory (X), the following simple 
regression (linear relationship) model has been 
employed [16]. 

 
 

   
A unital change by the the point where the 

the intersection point or the regression constan
at the regression coefficient and explanatory 
variable X, and the resulting amount of average 
change at the reply variable Y; provides an 
acceptable approach to the actual relation between 

x1 , and w
expresses the deviations from this approach, thus it 
is called the  error, and defines the part of the 
change in y which cannot be described by the 

 
 
 

 
 
 
 
 
 

 
FIGURE 1 

Study area, Ayd  
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TABLE 1 
2010-  

 

Group 
Total consumptions of pesticides (tons) 
2010 2011 2012 2013 2014 

Insecticide 495.00 495.30 494.55 500.20 493.65 
Fungicide 129.00 129.30 128.90 108.00 131.36 
Herbicide 103.00 103.20 102.80 101.40 438.49 
Acaricide 38.00 38.20 37.85 37.18 136.24 
Others 3.00 3.20 4.20 5.83 104.00 
Totally 768.00 769.20 768.30 752.61 1.303.74 

 
 

RESULTS 
 
The regression analysis results related to 

inse
period, 2010-2014, was provided in Table 2 and 
Fig. 2. As seen in Fig. 2, the relation levels between 
insecticide consumption and years were set forth by 
linear regression, and as a result, a linear equation  
of y=0.22x+53.1 was defined, where coefficient of 
determination was defined as R2=0.0183. The 
acquired linear equation is at a positive linear 
relationship level and R2 value is at an insignificant 
level. Very low R2 value is associated especially 
with a significant deviation in consumption value of 
2013 when compared to other years. 

The regression analysis results related to 
fungicide consumption was provided in Table 3 and 
Fig. 3. Looking at Fig. 3, a linear equation, y=-
1.658x+3461.2, was established between fungicide 
consumption and years, and coefficient of 
determination was established as R2=0.0726. Linear 
equation is negative, and the R2 value is in an 
insignificant level. Lower consumption levels in 
2013, compared to other years, led to a lower R2 

value. 
Regression analysis results related to herbicide 

consumption was provided in Table 4 and Fig. 4. 
According to Fig. 4, a positive linear equation, 
y=66.918x-134469, was established between 

 
TABLE 2 

Regression analysis results for the insecticide consumption 
 

Variations source Df Sum of squares Mean of squares F p 
Regression 1 0.183215354 0.183215354 0.055990437 0.828185748 
Error 3 9.816784646 3.272261549   
Totally 4 10    

 

 
 

FIGURE 2 
Regression analysis of the insecticide consumption between 2010-2014 years. 
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herbicide consumption and years, and the 
coefficient of determination was defined as 
R2=0.4961. The resulting R2 value is at a significant 

level. The reason for this higher R2 value 
could be because of a higher level of herbicide 
consumption in 2014. 

 
TABLE 3 

Regression analysis results for the fungicide consumption. 
 

Variations source Df Sum of squares Mean of squares F p 
Regression 1 0.725966062 0.725966062 0.23483828 0.661138656 
Error 3 9.274033938 3.091344646   
Totally 4 10    

 
 

 
 

FIGURE 3 
Regression analysis of the fungicide consumption between 2010-2014 years. 

 
 

TABLE 4 
Regression analysis results for the herbicide consumption. 

 
Variations source Df Sum of squares Mean of squares F p 

Regression 1 4.961261814 4.961261814 2.953872 0.184165842 
Error 3 5.038738186 1.679579395   
Totally 4 10    

 
 

 
 

FIGURE 4 
Regression analysis of the herbicide consumption between 2010-2014 years. 
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Regression analysis results related to acaricide 
consumption was provided in Table 5 and Fig. 5. In 
Fig. 5, the acaricide consumption-year relationship 
was defined as y=19.546x-39269, in positive 
direction while R2=0.4929. R2 value is at a 
significant level, and the significance of this value 
may be associated with relatively higher acaricide 
consumption levels in 2014. 

Regression analysis results related to other 
pesticide consumption was provided in Table 6 and 
Fig. 6. According to Fig. 6, a positive linear 
(y=20.463x-41148) relation was established 
between other pesticide consumption and years and 
R2=0.5237. R2 value is significant, and this is due to 
the fact that 2014 consumption level was higher 
than those in other years. 

The findings of this study related to pesticide 
consumption by years show parallelism with the 
findings of other researchers. In a study conducted 

-2002, it 

was reported that among all pesticides, 
herbicides are leading by a share of 49 %, followed 
by fungicides by 33 % and insecticides by 18 % 
[17]. In the trend analysis of pesticide consumption 
in Turkey in 1987-2009, the trend equation was 
established as Yt=27731+679 x t, trend equation 
curve was positive and average annual proportional 
change was calculated as 24.5 % [18]. In a study 
conducted in Manisa in 2008, it was reported that 
the agricultural pesticide amount was 4.183 tons in 
2002, but by 2007, this amount was reduced to 
2.300 tons, while there was an increase in liquid 
pesticide usage [19]. In 2012, a total of 692 tons of 
pesticide was used for agricultural control purposes 
in Hatay, where approximately 224 tons were 
insecticides, 140 tons were herbicides, 328 tons 
were fungicides and 0.04 tons were rodenticides, 
and the total amount was higher than that of 
previous years. [20]. 

 
TABLE 5 

Regression analysis results for the acaricide consumption. 
 

Variations source Df Sum of squares Mean of squares F p 
Regression 1 4.928512938 4.928512938 2.915424733 0.186273812 
Error 3 5.071487062 1.690495687   
Totally 4 10    

 
 

 
 

FIGURE 5 
Regression analysis of the acaricide consumption between 2010-2014 years. 

 
 

TABLE 6 
Regression analysis results for the other pesticides consumption. 

 
Variations source Df Sum of squares Mean of squares F p 

Regression 1 5.236917001 5.236917001 3.298441578 0.166959393 
Error 3 4.763082999 1.587694333   
Totally 4 10    
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FIGURE 6 
Regression analysis of the other pesticides consumption between 2010-2014 years. 

 
   

DISCUSSION AND CONCLUSIONS 
 

Of the pesticides; a positive linear relationship 
was observed between insecticide, herbicide, 

onsumption and years, 
while a negative linear relationship was established 
between fungicide consumption and years. R2 value 
was significant, particularly for other, herbicide and 
acaricide groups, while it was at an insignificant 
level in insecticide and fungicide groups. In 2014, 
consumption of herbicide, acaricide and other 
groups were increased in comparison to previous 
years, which can be associated with a change in 
product pattern, unconscious and extreme pesticide 
usage, lack of crop alternation and harming the 
useful pests in nature. Meanwhile, fungicide and 
insecticide consumption level did not change over 
the years, which may be associated with preferring 
pesticides with specific active substances and 
partially, with producers becoming more conscious. 
However, there is a need to evaluate the pesticide 
consumption in a more detailed approach, on the 
basis of products and years. The study, where the 
relation between pesticide consumption and years 
were analysed through regression model, is the first 
of its kind in Turkey. 
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ABSTRACT 

 
Novel CuO- 2 (CuO/TiO2) 

nanowire heterostructure arrays (NWHAs) on the 
Fluorine-doped tin oxide (FTO) substrates had been 
fabricated via an alcoholic thermal technique. The 
as-prepared CuO/TiO2 nanowire heterostructure 
arrays were subsequently characterized by scanning 
electron microscopy, transmission electron 
microscopy, X-Ray diffraction, UV Vis diffuse 
reflectance spectra, X-ray photoelectron 
spectrometer, photoluminescence, and 
photoelectrochemical measurements. The UV Vis 
diffuse reflectance spectra, the photocurrent versus 
potential (I-V) curves and the incident photon to 
current efficiency (IPCE) curves exhibited the 
analogous trend. These results suggested that the 
CuO/TiO2 nanowire heterostructure arrays 
efficiently impeded the recombination between 
photoelectrons and holes, which can be attributed to 
the p-n heterostructures with n-type TiO2 and p-type 
CuO. Therefore, this approach would afford a 
simple, effective and cheap method for designing 
the p-n heterostructures nanostructures with 
enhanced photoelectrochemical properties, which 
would improve the hydrogen generating capability 
of TiO2 from water splitting. 
 
 
KEYWORDS: 

TiO2 NWAs, CuO/TiO2 heterostructures, onset potential; 

IPCE. 

 
 
INTRODUCTION 

 
Due to ever-growing global demand for energy, 

fossil fuels reserves have declined sharply in recent 
years, which will lead to energy crisis and the 
environmental pollution. In order to conserve 
energy and achieve the sustainable development of 

human society, the responsibility of finding new 
energy sources has become one of the most 
pressing issues that people must face. Hydrogen as 
a clean and renewable energy resource has one of 
the highest energy density values per mass of 140 
MJ kg-1 [1].The splitting of water with sunlight to 
hydrogen is one of the most attractive forms of 
energy production, since both water and sunlight 
are extremely abundant [2, 3]. Since Honda and 
Fujishima demonstrated water splitting with TiO2 in 
1972 [4], water splitting utilizing 
photoelectrochemical (PEC) cells has been an area 
of intense research [5]. PEC water splitting is an 
promising and appealing avenue in virtue of its 
theoretical potential for obtaining a high 
efficiency, >30%, its low cost, and its environment 
friendliness [6]. The overall PEC reaction can be 
described as follows for n-type semiconductor 
(n-SC) photoanodes [7]: 

0 + (n-SC) + 2H2O = 2H2 + O2 + (n-SC) 
The properties of the semiconductor 

photoelectrodes critically influence the performance 
of the PEC. Among various photoanode materials, 
metal oxides, predominantly TiO2 -Fe2O3, 
and WO3 with multiple morphologies have been 
extensively investigated because of their high 
resistance to photocorrosion, nontoxicity, 
chemically inert and low cost [8-10]. Nevertheless, 
most of the metal oxides have a large band gap 
greater than 3 eV [11], limiting the absorption of 
light in the visible region and the improvement in 
overall solar to hydrogen (STH) efficiency [12-14]. 

Recently, there is growing interest in the metal 
oxides nanostructures for the photoelectrodes, 
including nanocrystals [15-18], nanocoral [19, 20], 
nanosheets [21-23], nanotubes [24, 25], and 
nanorods [26-28], as they offer many advantages 
over their bulk counterparts for the photoelectrodes 
due to their large surface area, short lateral 
diffusion length and low reflectivity. Herein, this 
work has focused on one-dimensional (1D) 
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nanostructured metal oxide photoelectrodes, such as 
nanotubes (NTs) and nanowires (NWs)/nanorods 
(NRs) because of enhancements in charge 
separation, charge transport, and light absorption 
[12, 29, 30]. Firstly, the NTs and NWs/NRs 
photoanode, compared to the zero-dimensional (0D) 
nanoparticles (NPs), have improved the charge 
transport properties on account of the direct 
conduction pathways in NRs versus electron 
hopping in NPs systems [31, 32]. It has been  
proved that electron transport in ordered 1D 
nanostructures is significantly faster than that in 
polycrystalline films, which results in a lower 
recombination loss and a higher photocurrent [33]. 
Secondly, 1D NWs/NRs with superior antireflection 
performance, can conically shaped arrays generate 
a graded refractive-index transition that greatly 
suppresses the undesired reflection at the interface 
between two media. Moreover, 1D vertically 
aligned surface behaves as effective internal 
scattering centers that improve the light trapping. 
Less reflective loss and enhanced light harvesting 
are desired for high STH efficiency in PEC cells. 
Thirdly, NTs and NWs/NRs can easily appear 
extreme wetting states, like superhydrophilicity, 
due to their unique surface structures [34]. 
Therefore, 1D NTs and NWs/NRs networks may 
represent a kind of ideal architectures for high 
performance PEC photoandoes. 

Titanium dioxide (TiO2) is well-known as a 
n-type semiconductor for water photo-oxidation as 
it is abundant, low cost, stable in aqueous solution 
under irradiation, and has strong photocatalytic 
activity [12, 35]. However, TiO2 has too wide of a 
band gap (3.0 eV) [10, 36]to absorb sunlight in the 
visible region, and its low electron mobility (1 
cm2V-1s-1) and short minority carrier (hole) 
diffusion length (10 100 nm) limit its quantum 
efficiency even in the UV region [29]. The 
hydrogen production efficiency via photocatalytic 
water splitting on a bare TiO2 is still very low, 
mainly due to the following reasons: (1) the rapid 
recombination of photogenerated CB electrons and 
VB holes on a bare TiO2, (2) fast backward reaction 
between hydrogen and oxygen, and (3) large 
over-potential for the production of hydrogen on the 
titania surface [37]. While it is fabricated as 
photoanode in PEC cells, the major issue with PEC 
cells is the need to apply an external bias to initiate 
the water splitting and photocurrent generation 

or voltage source to initiate water splitting reactions 
[38]. Many efforts have been made to deal with 

these problem, including deposition of noble metals 
[39], addition of sacrificial reagents [1], metal 
cation doping [40], carbon and nitrogen doping [41, 
42] and so on. CuO is also a p-type semiconductor 
with monoclinic structure and a direct band gap of 
1.8 eV [43, 44]. The n-type TiO2 NWs is favorable 
for forming p-n heterostructures with CuO to 
overcome the above disadvantage. 

In this work, we present a unique method for 
preparing the CuO/TiO2 nanowire heterostructure 
arrays with enhanced photoelectrochemical 
properties when they are fabricated as photoanodes. 
During this process, p-type CuO quantum dots 
(QDs) act as a water cocatalyst to keep 
photoelectrons/holes from recombination, which 
achieves synergies between 1D nanostructures to 
effectively improve the capability of hydrogen 
generation from water splitting. 

 
 

EXPERIMENTAL METHODS 

 
Synthesis  of Single Crystalline TiO2 

Nanowire Arrays (NWAs). Prior to the growth of 
TiO2 NWAs, Fluorine-doped tin oxide (FTO) glass 

substrates were cleaned by sonication in 
trichloromethane, acetone, deionized (DI) water for 
30 min, respectively, and finally stored in the 
absolute ethyl alcohol. TiO2 NWAs were directly 
grown on the FTO substrate via a previously 
reported hydrothermal method [45, 46]. In a typical 
growth procedure, an aqueous solution was 
prepared by 15 mL of concentrated hydrochloric 
acid (38%) and 15 mL of DI water in a 
round-bottomed glass beaker. The mixture was 
stirred with a magnetic blender for about 5 min, and 
then 1.4 mL of titanium n-butoxide was added in a 
dropwise manner into the above solution. The 
stirring was continued for 30 min at the room 
temperature. The mixture solution was transferred 
to a Teflon-lined stainless steel autoclave (40 mL), 
and a piece of optically transparented FTO (area 8 
cm2) substrate was immersed in the solution. The 
autoclave was sealed and placed in an oven at 
180 °C for 4 h, and then removed from the oven to 
cool to room temperature. The obtain products was 
washed several times with DI water followed by 
absolute ethanol, and finally dried in air. TiO2 
NWAs film grew only on the conducting face of 
FTO glass substrate. 

 
 



© by PSP  Volume 25  No. 11/2016, pages 4802-4813    Fresenius Environmental Bulletin 

4804 

 

Fabrication of CuO/TiO2 NWHAs.  The 
CuO seeds were firstly coated on TiO2 NWAs via 
the alcoholic thermal technique reported previously 
[44]. CuO precursor solution was prepared by 
dissolving Cu(OAc)2 in 50 mL of absolute ethanol. 
The TiO2 NWAs signed as C0 (black), were 
immersed into the CuO precursor solution, and then 
placed in an oven at 130 °C for 20 h. The CuO 
loading was controlled by diluting precursor 
solution to different concentrations (0.01 0.05 M). 
Correspondingly, the resulting samples were 
marked as C1 (0.01 M), C2 (0.02 M), C3 (0.03 M), 
C4 (0.04 M) and C5 (0.05 M), respectively. The 
subsequent hydrothermal growth of the CuO was 
processed in a mixture of 50 mL of 5 mM 
Cu(OAc)2 aqueous solution and 0.7 mL of 
concentrated ammonia (NH3·H2O, 25 28%) at 
85 °C for 4 h. Finally, the obtained CuO/TiO2 
NWHAs on FTO substrates were annealed in air at 
450 °C for 1.5 h prior to the various measurements. 

 
Structural and Optical Measurements. The 

morphologies were investigated by field emission 
scanning electron microscopy (FESEM, Hitachi 
S-4800) and transmission electron microscopy 
(TEM, JEOL, JEM-2100). The product was 
characterized by X-ray diffraction measurements 
carried out on X-ray diffractometer (XRD, Bruker 
D8 Advance diffractometer) with Cu-
in the range of 20 80° at a scanning rate of 
6 °min 1. The photoluminescent properties of the 
ligands and compounds were measured on a 
Perkin-Elmer LS 55 luminescence spectrometer. 
The optical absorption measurement was performed 
on a UV Vis spectrophotometer (UV-240, 
Shimadzu). The investigation of the surface of 
material is by X-ray photoelectron spectrometer 
(XPS, PHI-5300). 

 
Photoelectrochemical Measurements. PEC 

measurements were performed in typical 
three-electrode potentiostat system, where the 
CuO/TiO2 NWHAs on the FTO substrate were used 
as the working electrodes, Ag/AgCl (saturated KCl) 
as reference electrode, and platinum wire as counter 
electrode, respectively. The working electrode area 
is in the range of 1cm2. 1 M NaOH aqueous 
solution (pH=13.6) was used as an electrolyte for 
PEC measurements [35]. Linear sweeps and I-t 
scans were measured by a CHI 852C 
electrochemical station, under simulated sunlight 
with a 300 W Xenon lamp (Newport 6255) coupled 
with an AM 1.5 global filter (Newport 81094). 

Incident photon to current conversion 
efficiency (IPCE) was collected by a CHI 852C 
electrochemical station with a solar simulator 
(Newport 69920, 300 W xenon lamp), coupled with 
an infrared water filter (Oriel 6127) and aligned 
monochrometor (Oriel Cornerstone 130 1/8 m). 

 
 

RESULTS AND DISCUSSION 

 
Morphology Structures. TiO2 NWAs were 

successfully grown on an FTO substrate by 
previously reported hydrothermal method. The 
white-color and relatively homogenous film can be 
observed on the FTO substrate. SEM images 
(Figure 1) reveals that the film consists of dense 
and vertically aligned nanowires. Figure 1a is top 
view SEM images of pure TiO2 NWAs, and the 
inset image exhibits the smooth surface of single 
pristine TiO2 nanowire. Figure 1b, c are the top 
view and cross-sectional top view SEM images of 
CuO/TiO2 NWHAs (C3), respectively. Overall 
length of the nanowires is found to be fairly in the 
range of 2.2
individual nanowires consisting of a bundle of 
smaller nanowires, of which average diameters are 
about 60 80 nm.  

 
 

 

 
FIGURE 1 

SEM images of pure TiO2 NWs and CuO@TiO2 
heterostructures: (a) pure TiO2 NWs (insert: 

high-magnification of one nanowire); (b) 
CuO@TiO2 (C3); (c) cross-sectional of 

CuO@TiO2 heterostructures (C3); (d) the SEM 
images of C3 sample in dispersion prepared by 

scratching from the FTO substrates (insert: 
high-magnification of one nanowire). 
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FIGURE 2 
TEM image of CuO@TiO2 sample (C3). Inset: 
High-magnification TEM image of CuO QDs 

loaded in the TiO2 NWAs surface. 
 
 

As seen in the Figure 1d and the inset image, 
compared with the inset image in Figure 1a, the 
surfaces of nanowires which reveals unordered are 
dislodged from the FTO substrate, are rather rough 
and coated with a large amount of nanoparticles, 
implying that CuO QDs have been successfully 
deposited on the entire surfaces of the TiO2 NWAs 
by the low-temperature alcoholic thermal technique. 
The TEM is used to further confirm the detailed 
structure of T CuO/TiO2 NWHAs (C3), as shown in 
Figure 2. It is clearly seen from the inset image, the 
CuO QDs (Size 15nm) have been deposited on the 
surface of the TiO2 NWAs, which is aggregated by 
some single nanowires. The diameter of a bundle in 
CuO/TiO2 NWHAs is about 68 nm, corresponding 
to the SEM results. 
 

XRD Phase Analysis. Figure 3 shows XRD 
patterns of the as-prepared samples (C1 C5) by 
concentration gradient (0.01 0.05M) of Cu element 
in the presence of the precursor solution, pure TiO2 
NWAs and blank FTO substrate, respectively. 
According to the XRD pattern of FTO, it can be 
seen that peaks assigned to the FTO substrate are 
definite, which has a rutile SnO2 structure (JCPDS 
NO.46-1088) [34]. The XRD pattern of bare TiO2 
NWAs on FTO substrate shows two strong peaks 
around 36° and 63° corresponding to the (101) and 
(002) diffraction peaks of the tetragonal rutile TiO2 
phase (JCPDS No.88-1175). No characteristic 
diffraction peaks of CuO are observed because of 

its low loading content and weak crystallization, 
which gives the insufficient material quantity for 
the XRD signal detection. 

 
 

 
 

FIGURE 3 
XRD patterns of the as-prepared samples FTO: 

pure TiO2 NWAs and CuO@TiO2 samples. 
 
 

X-ray Photoelectron Spectroscopy (XPS) 
Measurement. To illustrate the chemical 
composition and the oxidation state along the depth 
direction for the prepared samples, high-resolution 
XPS spectra of C1s, O1s, Ti2p, and Cu2p are 
carried out [47]. As shown in Figure 4a, XPS 
survey spectra collects from the substrate of 
CuO/TiO2 NWHAs (C3). In addition to the Ti, Cu 
and O peaks that are predicted for TiO2 and CuO, C 
signal is appeared in both samples, most probably 
to be imported from the conditions of carbon 
dioxide during the samples preparation and 
subsequent XPS measurement. It can be asserted 
that the alcoholic thermal technique is a clean 
process that does not introduce impurities into TiO2 
NWAs, especially the CuO/TiO2 NWHAs are not 
doped with other elements. Figure 4b reveals the 
XPS spectrum of Cu2p region for samples C3. The 
binding energy of Cu2p3/2 and Cu2p1/2 are 935.76 
and 956.9 eV, respectively, suggesting that the 
oxidation state of Cu present on the surface of TiO2 
NWAs is Cu2+, which are consistent with the 
previously reported results for CuO. The minor 
peaks between Cu2p3/2 and Cu2p1/2 imply that the 
existence of higher oxidation state of copper 
species in the CuO/TiO2 NWHAs. 



© by PSP  Volume 25  No. 11/2016, pages 4802-4813    Fresenius Environmental Bulletin 

4806 

 

 

 
FIGURE 4 

XPS analysis of CuO@TiO2 heterostructure sample (C3, 0.03 M). 
 
 
UV Vis Diffuse Reflection Spectra. The 

UV Vis absorption spectra of the nanostructure 
arrays are shown in Figure 5. The spectra reveal 
significant differences in the optical absorption 
properties of the bare TiO2 NWAs and CuO/TiO2 
NWHAs. The pure TiO2 NWAs present broad 
strong absorption in the ultraviolet region around 
405 nm, which are characteristic of the wide band 
gap of TiO2 semiconductor materials. However, the 
spectra of CuO/TiO2 NWHAs present absorption 
over the visible light region. Among all the samples, 
the sample C3 has the highest absorption in the 
visible region. As is well-known, the quantum size 
effects increase the band gap resulting in blue shift 
of the UV Vis absorption spectra [48].  
 
 

 
 

FIGURE 5 
UV-Vis diffuse reflectance spectra of the pristine 

TiO2 NWs and CuO@TiO2 samples. 
 
 
Therefore, we hypothesized that the lower 

concentration of Cu(OAc)2 in the CuO precursor 
solution is, the smaller size of CuO QDs is. 
Therefore, the absorption spectra of the samples C1 
and C2 shift to ultraviolet region by contrast to that 
of the sample C3. And the absorption spectra of the 
samples C4 and C5 has a little blue shift. The result 
indicates that the quantum size effect gradually 
weakens resulting from a further increase in the size 
of CuO QDs when the levels of concentration of the 
CuO precursor solution become higher. 

 
Photoelectrochemical (PEC) Measurements. 

In Figure 6, we can see that a set of linear sweep 
voltammetry measurements of pure TiO2 NWAs 
(C0) and CuO/TiO2 NWHAs (C1 C5) are carried 
out in the dark and under full spectrum illumination 
from -0.1 to 1.1V vs Ag/AgCl. In the dark condition, 
the initial dark currents of all the samples are close 
to 0 mA/cm2 until approximately the onset potential 
where a pronounced increase due to water splitting 
and gas generation begins at the Pt electrode 
surface. For the same photoelectrode, it is clear that 
the photocurrent versus potential (I-V) curves are 
exactly similar to the I-V curves in the dark 
condition. The photocurrents of all samples are 
increased upon illumination with a white light 
source. For instance, the inset shows I-V curve of 
pristine TiO2 C0 and the optimum sample C3. It is 
evident from the inset that dark currents of C0 and 
C3 are already near zero, while under the 
illumination condition, the photocurrents are 
significantly higher than dark currents and 

2. 
Apparently, the increase of photocurrent with 

the potential indicates the efficient stable light 
harvesting and carrier transport in photoelectrode 
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upon illumination, which is of practical significance 
in the design and fabrication of PECs [44]. 
Significantly, there is no saturation of photocurrent 
observed in all photoelectrodes at more positive 
potential, which indicates efficient charge 
separation in all the as-prepared photoelectrode 
upon illumination [49]. 

A noticeable decrease in the onset potential 
indicates that a fast transfer of holes occurs from 
the semiconductor/liquid junction to the electrolyte 
and that the surface recombination rate is lower 
[50]. Achieving a low photocurrent onset potential 
is extremely important because it reduces the 
applied bias required to achieve the maximum 
photocurrent and, thus, increases the overall 
efficiency of PEC hydrogen generation [35]. The 
more negative the onset potential, the more 
beneficial for photoelectron reducing H+ to produce 
H2. 

Figure 6 shows a comparison of the onset 
potentials of the samples C0 C5. The onset 
potential of pristine TiO2 NWAs C0 is 0.98 V vs 
Ag/AgCl, which is more positive than that of 
CuO/TiO2 NWHAs (C1 C5). As can be seen from 
these curves, the concentration of Cu(OAc)2 in the 
CuO precursor solution has made quite an impact 
on the onset potential. When the concentration of 
Cu(OAc)2 is 0.01M, the onset potential of sample 
C1 is 0.80 V vs Ag/AgCl and slightly lower than 
that of C0. With the increasing of concentration of 
Cu(OAc)2, the onset pential of sample C2 has 
decreased to 0.75 V vs Ag/AgCl. The sample C3 
has the most negative onset potential at 0.10 V vs 
Ag/AgCl. In contrast, the concentration of 
Cu(OAc)2 continues to gradually increase to 0.04 M, 
the onset potential of sample C4 has modestly risen 
to 0.55 V vs Ag/AgCl compared with that of C3. 
The highest concentrations of Cu(OAc)2 is 0.05M, 
the onset potential of sample C5 between that of C1 
and C2 are 0.66 V vs Ag/AgCl. Thus we can arrive 
at the conclusion that 0.03 M is the optimum 
concentrations of Cu(OAc)2 for the CuO precursor 
solution to fabricate CuO/TiO2 NWHAs. The 
possible reasons for it can boil down as following. 
In this case the deposition CuO QDs as co-catalyst 
improve the PEC performance mainly via the 
saturation of dangling bonds on the TiO2 surface, 
thus passivating the surface states which act as 
charge recombination centers [11]. But the 
superabundant loading amounts may shield the 
photocatalytic active sites, which will lead to the 
reduction of photo-generated carrier and the 
degradation of PEC performance.  

 
 

FIGURE 6 
I-V curves of pristine TiO2 NWAs and 

CuO@TiO2 heterostructures. Inset: I-V curves 
of pristine TiO2 C0 and the as-prepare sample 

C3. 
 

 
Incident Photon to Current Conversion 

Efficiency. The photoactivity as a function of 
wavelength of incident light is quantitatively 
researched and analyzed to confirm the interaction 
between the photoactivity and the light absorption 
of pure TiO2 NWAs and CuO/TiO2 NWHAs 
(C0 C5). In comparison to photocurrent density 
obtained under full spectrum illumination, IPCE, 
synonymous with external quantum efficiency 
(EQE) [51-53], is a better parameter to characterize 
the photoconversion efficiency of different 
photoanodes because it is independent from the 
light sources and filters used in the measurement 
and a valuable tool to provide insight into the PEC 
material properties [32]. The value of IPCE is 
calculated with the following equation [54-56]: 

 
Where Iph is photocurrent density (mA/cm2

is the incident light wavelength (nm), and Jlight is 
the incident light power density (mW/cm2) for each 
wavelength. Compared with the pure TiO2 NWAs in 
Figure 7, it is worth noting that CuO/TiO2 NWHAs 
(C1 C5) reveal substantially enhanced IPCE values 
over the entire wavelength range of 300 400 nm. 
The IPCE values of these photoelectrode enhance 
with the concentration of Cu(OAc)2 in the CuO 
precursor solution increase and then decrease with 
further increase of the concentration, which are in 
accordance with their I-V curves and UV Vis 
diffuse reflection spectrum. For instance, the IPCE 
values of pure TiO2 NWAs (C0) and CuO/TiO2 
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NWHAs (C1 C5) are 0.13%, 0.45%, 0.57%, 0.85%, 
0.50% and 0.46% at 400 nm, respectively. Above 
400 nm, the photo-response of all as-prepared 
samples decreases to zero, corresponding to the 
band gap of TiO2. It is well known that the pristine 
rutile TiO2 in all as-prepared samples cannot be 
excited by the wavelength beyond 400 nm. It means 
that the electrons and holes are not generated in the 
pristine rutile TiO2. As a result, there is no 
migration of photo-generation carrier and any 
photo-response in the whole photo-anode. 

 
 

 

 
FIGURE 7 

IPCE spectra of pristine TiO2 NWAs and 
CuO@TiO2 heterostructures with 

monochromatic light at different wavelengths. 
 
 
Possible Photo-generated Carrier Transfer 

Mechanism. As previously mentioned, efficient 
electron-hole separation which can be improved by 
hindering photo-generated carrier recombination is 
one of the most important influence factors on the 
photocatalytic properties. The energy band 
schematic diagram of n-type TiO2, p-type CuO and 
CuO/TiO2 NWHAs are illustrated in Scheme 1. 
From Scheme 1a we can see that, CuO, a p-type 
semiconductor, exhibits a narrow band gap 
comparing to n-type TiO2 with a relatively broad 
band gap. The conduction band edge and Fermi 
level of CuO are both lower than these of TiO2. 
When TiO2 and CuO are brought in contact, the 
Fermi level of CuO is moved up, while the Fermi 
level of TiO2 is moved down until an equilibrium 
state is formed as Scheme 1b shown. Meanwhile, 
consistent with the rising up and/or descending of 
the Fermi level, the whole energy band of CuO is 
raised up while that of TiO2 is descended, and as a 

result, the conduction band edge of CuO is higher 
than that of TiO2 [57, 58]. At the equilibrium, there 
is an internal field formed with the direction from 
n-type TiO2 to p-type CuO. Under illumination, 
CuO and TiO2 could be excited and induced the 
generation of photoelectrons and holes. According 
to the predicted position of band energy, the excited 
holes on the valance band of the n-TiO2 are 
promptly transferred to the valance band of the 
p-CuO. Simultaneously, the excited electrons on the 
conduction band of the p-type CuO are prohibited 
transferring to the conduction band of n-type TiO2 
by the energy barrier existed at the interface 
between CuO and TiO2 [59, 60].  
 
 

 

 
SCHEME 1 

Illustration for the junction of the CuO@TiO2 
heterostructures: (a) energy bands of n-TiO2 and 
p-CuO; (b) energy band diagram of p-n junction 

at equilibrium. 
 
 

 
 

SCHEME 2 
Illustration for the electronic migration carried 

out by the PEC measurement. 
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The mechanism supposition is consistent with 
the aforementioned PEC measurement result. On 
top of the above the separation of photo-generated 
electrons and holes in TiO2, the electrons are 
imported into FTO and transferred to Pt counter 
electrodes to reduce H+ and produce hydrogen as 
shown in Scheme 2. Consequently, the separation 
of photogenerated electrons-holes pairs on TiO2 can 
effectively proceed and the recombination rate is 
restrained, which greatly promote and enhance the 
photocatalytic properties. 

 
Photoluminescence (PL) Spectrum. The PL 

emission spectrum is used to demonstrate the 
efficiency of trapping, migration, transfer and 
separation of charge carriers, and to investigate 
their lifetime in semiconductor since PL emission 
results from the recombination of electron-hole 
pairs [37]. Figure 8 presents the PL spectra of the 
bare TiO2 NWs and C3 sample in the wavelength 
range of 420 530 nm for comparison. Both spectra 
show near band gap emission (NBE) and blue or 
deep level emission (DLE). Under the same 
measurements conditions, the PL spectrum of bare 
TiO2 NWs is similar to that of the CuO/TiO2 
NWHAs (C3). The NBEs of two samples at 419 nm, 
which is equivalent to 2.97 eV, is attributed to the 
interband PL phenomenon with the energy of light 
probably corresponding to the band gap energy of 
rutile. The other two PL emission peaks at 450 nm 
and 468 nm are ascribed to band edge free excitons.  

 
 

 
 

FIGURE 8 
Photoluminescence spectra of pristine TiO2 

NWAs and CuO@TiO2 sample (C3, 0.03 M). 
 
 
The DLEs of two samples at 482 nm and 492 

nm are possible attributed to excitonic PL, most 

probably by virtue of the oxygen vacancies or 
crystal defects of the TiO2 NWs and CuO/TiO2 
NWHAs [61]. From the comparison of two samples, 
it is clear that the relative PL intensity of pure TiO2 
NWs is higher, which may imply that electron-hole 
of TiO2 has a higher recombination rate under UV 
light irradiation. This is due to the fact that the 
electron is excited from the valence band (VB) to 
the conduction band (CB) of TiO2 and then 
migrates into CuO before the direct recombination 
of electrons-hole pairs, leading to in a lower PL 
intensity. The PL analysis result of C0 and C3 
completely coincide with the mechanism we 
previously proposed. 

 
 

CONCLUSION 

 
In summary, we present an alcoholic-thermal 

technique for preparing CuO/TiO2 NWHAs with 
enhanced photoelectrochemical properties when 
they are fabricated as photoanode. On the one hand, 
TiO2 has weak visible absorption because of its 
relatively wide band gap. CuO with narrow band 
gap loading  on TiO2 surface can reduce the band 
gap to improve the collection of the entire spectrum. 
On the other hand, pure TiO2 NWAs has shown 
tremendous onset potential for PEC water splitting. 
During PEC water splitting process, p-type CuO 
QDs act as a water cocatalyst to keep 
photoelectrons/holes from recombination, which 
achieves synergies between 1D nanostructure to 
effectively decrease the onset potential, further 
improve the capability of hydrogen generation from 
water splitting. 
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ABSTRACT 
 

The water quality monitoring through in situ 
sampling is costly and time consuming process that 
results in sparse point data difficult to achieve 
continuous water quality maps. Recent 
developments in remote sensing technology, 
especially in optical remote sensing, provide a 
significant potential to complement and enhance 
classical laboratory measurements. In this study we 
have assessed single band, first derivative and band 
ratio models for retrieving concentrations of 
chlorophyll a, turbidity and total suspended solids 
(TSS) from hyperspectral reflectance data collected 
along the River Sava. The spectral band ratio model 
showed the best correlation with Chl-a 
(R745/R418, R2 = 0.72) and  TSS (R373/R396 , R2 
= 0.78), while the first derivative model had the 
best correlation with turbidity values (R2 = 0.87). 
These results represent a promising first step in the 
initiative to develop a methodology for the water 
quality monitoring of the River Sava using 
remotely sensed data originating from various 
airborne and satellite hyperspectral sensors.  
 
 
KEYWORDS: 
hyperspectral; remote sensing; surface waters; water 
quality; eutrophication 
 
 
INTRODUCTION 

 
Escalating human population growth and 

industry pressures lead to nutrient over-enrichment 
and increase in eutrophication [1], which is a 
serious ecological problem causing a major concern 
in many coastal and inland water ecosystems [2,3]. 
Eutrophication of inland waters presents a 
persistent water quality problem through the 
overgrow of algae and may affect not only the 
source of drinking water but also can be 
accumulated in the aquatic foods causing direct 
influence on the human health. 

One of the major challenges for the 
environmental managers and decision makers is 
establishment of economic and reliable monitoring 

system at watershed extent that would provide 
water quality data with sufficient spatial and 
temporal resolution. Such system would enable the 
assessment of land-based pollution sources as well 
as effectiveness of the wastewater treatment 
infrastructure or other management plans. 

Varieties of satellite and air-borne remote 
sensing tools are being currently used for 
monitoring water quality parameters of surface 
waters. These water quality parameters can be 
quantified using remote sensing techniques 
allowing management plans to be formulated to 
reduce movement of substances from watersheds to 
water bodies, thus reducing the effects of the 
pollutants on water quality.  

The optical remote sensing of rivers at the 
watershed scale is characterized by rapid results, 
low cost and provides important means to estimate 
chlorophyll a (Chl-a), total suspended solids (TSS) 
and turbidity values concentrations in surface 
waters. These parameters are often used to 
characterize general water quality and as an 
indicator of trophic state [4,5]. 

The Sava River flows through Slovenia, 
Croatia, along the northern border of Bosnia and 
Herzegovina, and through Serbia. This Southeast 
Europe River is a major contributor to the Danube 
watershed discharging in Belgrade. Its central part 
is a natural border of Bosnia and Herzegovina and 
Croatia. In addition to drinking water, sanitation 
and general household uses, the River Sava is also 
extensively used for river transport, agricultural and 
industrial production, as well as recreational 
purposes. Sava river is a low-productive water 
ecosystem. With the population growth and 
development the natural biological balance of Sava 
River has been disturbed by the increase of 
discharges from municipal and industrial 
wastewater pollution, as well as from agricultural 
runoff [6]. With the exception of the city of Zagreb 
municipal wastewaters are released in the River 
Sava in Croatia without any treatment or after 
primary treatment. There are however on-going 
projects for developing wastewater treatment 
capacity in the bigger towns. 

The goal of the present study is to assess 
different models for the prediction of 
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concentrations of water quality parameters from the 
hyperspectral data and test the need for the 
implementation and development of specific local 
algorithms. In this study we also present the results 
of coupling water quality parameters and in-situ 
radiometric measurements. This is a first step in the 
initiative to develop a methodology for the water 
quality monitoring of the Sava River by using 
remotely sensed data originating from airborne and 
spaceborne multispectral and hyperspectral sensors. 
 

 
MATERIALS AND METHODS 

 
Data collection. Field data were acquired 

during the three-day data collection campaign in 
July 2010, which covered the whole stretch of the 
River Sava in Croatia ( 

FIGURE 1). We have chosen the locations 
upstream and downstream of bigger towns, 
including the city of Zagreb, to be able to estimate 
pollution contribution of the urban areas. The 
stations in the East are located in the most 
productive agricultural area in Croatia that 
represents the biggest non-point source pollution of 
the River Sava. In general point and non-point 
source pollution build up downstream from the 
border from Slovenia to the border with Serbia. 

 

 
 

 
 

FIGURE 1 
Measuring stations 

 

The collected data consisted of 
laboratory measurements of in-situ water quality, 
spectral reflectance measurements above water 
surface and spectral reflectance measurements 
inside water column 

Data were acquired on 14 monitoring stations 
under clear-weather conditions using two different 
measurement systems: above water and in-water 
spectroradiometers. Parallel to the radiometric data 
acquisition, the water samples were collected at 0.3 
m below surface for laboratory analysis. These 
samples were stored in a cooler with ice in the dark, 
and taken back to the laboratory for analysis within 
8 hours. 

Spectral surface reflectance measurements 
were taken with the ASD FieldSpec® 3 VNIR 
spectrometer (350-1050 nm) with the attached fibre 
cable 70-90 cm above the water surface. The 
instrument was positioned at an angle 90 135° with 
the plane of the incident radiation away from the 
sun. 

Downwelling radiance measurements, Ld(W 
m 2 sr 1) were collected at each sample site using a 
99% Spectralon panel as an optical standard for 
calibrating upwelling radiance. A dark reference 
was collected with each measurement of Ld.  

In-water spectral reflectance measurements 
were obtained from the profiling radiometer PRR-
800 (Biospherical inc.). The split PRR-800 
configuration separates the radiance Lu and 
radiance Ed heads (cosine collector) and orients the 
detector plates in a horizontal plane. The profiler 
was lowered manually, from the sunny side of the 
standing platform until the bottom was reached. 
The data were processed with the use of 
Biospherical profiler software to produce surface 
water reflectance in all available 14 spectral bands: 
340; 380; 412; 443; 465; 490; 510; 532; 555; 589; 
625; 665; 683 and 710 nm.  

 
Data preparation and statistical analysis. 

To eliminate the sun glint spectra and optimize the 
signal-to-noise ratio for in situ above water 
spectroradiometric data, the inconsistent radiance 
measurements were removed and the measurements 
at each site were averaged over at least 10 
measurements. Such averaged measurements were 
transferred in tabular form used further in statistical 
analysis. The spectral range was trimmed from 
1050 nm to 950 nm because of high water 
absorption of the signal in that NIR region. 
Statistical analysis was done using a statistical 
package R.  

The evaluation between estimated water 
quality values (Xest) using spectral indices and 
analytically measured values (Xmeas) is based on 
percentage difference: 
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(1) 

 
Mean normalized bias (MNB) is a measure of 

the over or under estimation of the observed values 
(systematic error). Those errors can in principle, be 
removed when the nature of the bias is identified. 
They are usually linked to the limitations of the 
measurement equipment or improper calibration. 

The normalized root mean square error 
(NRMS) provides a good measure of data scatter 
for normally distributed variables (random error) 
and gives useful information of the accuracy 
between the estimated and observed data [7,8]. 

In this study we define MNB as follows: 
 

MNB =

1

N
i

i=1

N

 

       (2) 

while NRMS is represented with standard 

deviation of   
 

NRMS=

1

N
(

i
)2

i=1

N

 

(3) 

where N is the total number of samples and 

is mean value of . 
These measures of difference are often 

reported in similar studies to compare performance 
of different models. 

 
 

RESULTS 
 
Water quality data. The collected water 

samples were analysed in the laboratory for a 
number of water quality parameters. Analytically 
measured in-situ concentrations of optically visible 
water quality parameters are shown in TABLE 1. 
The difference between the minimum and 
maximum values is about one order of magnitude 
for all the examined parameters. The contrast 
between low values of Chl-a that are indicative to 
the oligotrophic waters and relatively high turbidity 
and TSS values was observed on most of the 
stations. One of the reasons is probably a rainy 
period that preceded the monitoring campaign and 
that caused high sediment levels in water runoff. 
Weak relationships between Chl-a (r=0.1) 

concentrations and TSS values suggest higher 
amounts of non-algal turbidity in the water column 
in Sava River. Turbidity and TSS show strong 
positive relationship (r=0.62). 

 
Spectral reflectance measurements. 

FIGURE 2 presents the above water reflectance 
values over various measuring stations. The general 
observed characteristics of the reflectance curves 
are shifting reflectance peak in the green-yellow 
region (560 nm), absorption peak at 670 nm and 
reflectance peak in near infrared (810 nm). NIR 
reflection peak at around 700 nm and absorption 
peak at 670 nm are not pronounced on all the 
spectral curves presumably because of the masking 
effect of suspended matter. TSS and turbidity 
increase the values of reflectance in the visible and 
NIR part of the spectrum [9]. 

Water surface condition characterized with 
waves and sun glint can have serious impact on the 
above water collection of spectral data [10]. The 
concurrent data acquired with these two instruments 
were used in order to verify the consistency of in-
water and above-water measurements within our 
dataset and to examine the impact of surface 
conditions. 

FIGURE 3 shows the difference between 
band ratios as measured by ASD FieldSpec and 
PRR-800 instrument just below the water surface in 
the space-time co-located stations. The two 
instruments show a fairly good agreement between 
ratios in green and blue spectral region (MNB < 
15.5% and NRMS < 1.3%) and larger bias in red 
and green ratio (MNB = 33% and NRMS = 3%). 
This result is in line with the study from Bhatti et 
al. (2010) where they found that difference between 
above water and in-water spectral reflectance 
measurements was almost constant in blue and 
green region and minimal, but not consistent in the 
red region. 

 
Correlation of spectral data and water quality 
parameters. In order to identify the most 
appropriate spectral regions for developing water 
quality retrieval algorithms, the relationship was 
examined between spectral data and analytically 
measured in-situ water quality parameters. 

Raw spectral data were recalculated to single-
band reflectance, first derivative of reflectance and 
reflectance ratios. 

 
TABLE 1 

The range of concentrations for Chl a, TSS and turbidity at the Sava River stations during the campaign 
in 2010 

 
 N Mean SD Min Max 

Chl a [mg m-3] 14 0.55 0.5 0.12 1.83 
TSS [mg l-1] 14 229.71 128.04 25.00 385.00 

Turbidity [NTU] 14 12.97 8.99 3.31 37.23 

i
= 100 (Xest

i
Xmeas

i
) / Xmeas

i
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FIGURE 2  
Reflectance values at different stations along the 

Sava River (black lines are spectra collected 
with ASD FieldSpec® and drawn on the left 

ordinate, blue lines are spectra collected with 
PRR-800 and drawn on the right ordinate) 

 
 

 
FIGURE 3 

Comparison of ASD FieldSpec® and PRR-800 
concurrent reflectance ratios 

 
 

Single band reflectance. All 601 bands 
reflectance from 350 nm to 950 nm were correlated 
to Chl-a, TSS and turbidity values. The correlation 
curves showing Pearson correlation coefficient (r) 
are shown in FIGURE 4. It can be clearly observed 
that correlations are positive for all analysed water 
quality parameters.  Single bands showing the 
strongest correlation with Chl-a, TSS and turbidity 
are presented in TABLE 2. 

It can be observed that bands reflectance at 
wavelengths located in the local absorption peak 
and reflectance peak of the NIR region correlate 
strongest with Chl-a. This correlation in NIR region 
around 700 nm is well described in literature and 

has been used for the estimation of 
chlorophyll concentrations [11-13]. 

 

 
(a) 

 
(b) 

 
(c) 

 
FIGURE 4  

Correlation coefficients between reflectance 
values and (a) Chl-a, (b) TSS and (c) Turbidity 

values; blue lines represent regions with 
statistical significance p < 0.05 

 
TABLE 2 

Spectral reflectance regions with the highest 
correlation coefficient (r) with Chl-a, TSS and 

turbidity. 
 

 Chl-a TSS Turbidity 
Range 
[nm] 713 745 489 819 719 813 

r 0.73 0.72 0.71 0.73 0.77 0.79 
 
Correlation with TSS is strongest in the 

absorption peak of the blue-green region and 
reflectance peaks in NIR region. Turbidity is 
strongest correlated with the band in the reflectance 
peak in NIR region of the reflectance curve. Other 
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authors reported high correlation of single band 
reflectance with TSS in the region near 700 nm [13] 
and turbidity in the region near 710 nm [9] 570 nm 
[14]. 

 
First-derivative of reflectance. Derivative 

spectra indicate the rate of change of reflectance 
with wavelength giving us information on the slope 
of the reflectance curve at the certain wavelength. It 
is a useful tool for enhancing the spectral features 
that can be related to absorption bands of different 
optically visible water constituents [15].  

Derivatives are often used to remove the 
background signal [16] and separate out peaks of 
overlapping bands [17]. They are also used as a 
method of data normalization since they are 
relatively less sensitive to the spectral variations of 
sunlight and skylight [18]. 

The strongest correlation with Chl-a 
(FIGURE 5) are found with the bands at 563 nm (r 
= 0.80), 750 nm (r = 0.80) and 753 nm (r = 0.81), 
which correspond to the reflectance peak in the 
green-yellow region and absorption peaks in the 
NIR region of the reflectance curve respectively. 
Han et al. (1997) [19] reports the best correlation in 
inland waters with the first derivative of reflectance 
at 690 nm and in coastal waters [20]  with the first 
derivative of reflectance in the regions of 630 645 
nm, 660 670 nm, 680 687 nm and 700  735 nm. 

TSS has the highest correlation coefficient 
with the bands at 702 nm (r = 0.81), 706 nm (r = 
0.80) and 804 nm (r = 0.87). These two regions are 
local reflectance peaks in NIR. The strongest 
correlation with turbidity is observed with the 
bands at 730 nm (r = 0.91), 821 nm (r = 0.93) and 
826 nm (r = 0.92), which are, located in the local 
absorbance peaks of the NIR region.  

 
Reflectance ratios. Reflectance ratios are 

widely used in the water quality retrieval 
algorithms, but they are not universally applicable 
[21]. Most of the algorithms developed for the 
retrieval of Chl-a concentrations are based on the 
peak near 700 nm [11] and the widely used NIR-red 
band ratio of R705/R670 [9,12,22]. In recent 
studies some authors found other ratios to be more 
useful for Chl-a estimation from their datasets. 
Huang, Jiang et al. [21], found the highest 
correlation with the band ratio R861/R866 (r = 
0.93) Jiao, Zha et al. [23] report that the highest 
correspondence was achieved using the ratio of 
R719/R667 (r  = 0.93). 

The band ratio of R705/R670 showed no 
correlation in our data set. All the NIR-red band 
ratio combinations from R660 to R730 showed 
poor correlation. Furthermore, the band ratio 
R861/R866 used by Huang (2010) showed also 
poor correlation with Chl-a values. 

To find the reflectance band ratios that in our 
dataset correlate strongest with the water quality 

parameters, a matrix with all possible spectral 
band ratios was created containing 180 000 
combinations.  

 

 
(a) 

 
(b) 

 
(c) 

 
FIGURE 5 

Correlation coefficients between first derivative 
of reflectance values and (a) Chl-a, (b) TSS and 

(c) Turbidity values; blue lines represent regions 
with statistical significance p < 0.05 

 
 

To identify possible zones of interest, the 

FIGURE 6) where the location of each 
point corresponds to the ratio of wavelengths on the 
x and y axis and the point colour shows the absolute 
value of the correlation coefficient with the 
observed water quality parameter.  
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Band ratios R745/R418, R373/R396 and 
R396/R390 showed highest coefficients of 
determination respectively with Chl-a (r = 0.85), 
TSS (r = 0.88) and turbidity (r = 0.85).  

For the Chl-a estimation it was expected to 
have one band in the NIR region, but it was unusual 
to find that the best correlation was between the 
ratio of NIR and violet/blue bands. To the best of 
our knowledge it is because of the optical properties 
of other water constituents mask phytoplankton 
pigment signals in blue-green region in turbid 
waters. These are typically dissolved colour 
substances like yellow substance, coloured mineral 
particles and eventually degraded plankton 
products.  

 
Regression models. Linear regression models 

for the retrieval of the observed water quality 
parameters were developed with the spectral indices 
obtained using different presented methods 
(TABLE 3.). 

The best of the observed models for Chl-a 
retrieval was bend ratio model showing MNB of 
43.35% and NRMS of 25.94% with the highest 

coefficient of determination (R2 = 0.72). The 
first derivative model had MNB of 51.35% and 
NRMS of 28.34%. The most biased was a single 
band model with MNB of 58.47% and MRMS of 
33.19%. All the observed models overestimated 
Chl-a values.  

The same is observed for the estimation of 
TSS, where the band ratio model had the highest 
coefficient of determination (R2 = 0.78), MNB of 
15.91% and NMRS of 58.34%. The first derivative 
model was slightly worse with MNB of 19.65% and 
NMRS of 62.36%. The worst was again the single 
band model with MNB of 47.72% and NRMS of 
84.77% 

The single band model was the most precise 
for the estimation of turbidity with MNB of 6.59% 
and NMRS of 5.28%, but the lowest coefficient of 
determination (R2 = 0.63). The first derivative 
model had MNB of 4.48% and MRMS of 24.95% 
with the highest coefficient of determination (R2 = 
0.87) and the band ratio model had lower 
coefficient of determination (R2 = 0.72) with MNB 
of 9.25% and NMRS of 4.50%. 

 
(a)                                                                      (b) 

 
(c) 

FIGURE 6 
Correlation matrix between reflectance band ratios with a  Chl-a, b  TSS and c  turbidity. Scales on 

the right represent absolute value of Pearson's coefficient. 
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TABLE 3 
Assessment of different models for the prediction of Chl-a, TSS and Turbidity values.

 
Parameter Model Bands Regression equation R2 MNB NMRS 
Chl-a Single 

band 
R713  17.71 x R713 - 0.13 0.54 58.47% 33.19% 

Chl-a First 
derivative 

R753 -15077.19 x R753 + 0.02 0.66 51.35% 28.34% 

Chl-a Band ratio R745/R418 3.31 x R745/R418 -0.84 0.72 43.35% 25.94% 

TSS Single 
band 

R813 13086.31 x R813 + 23.71 0.53 47.72% 84.77% 

TSS First 
derivative 

R804 3589757 x R804 + 0.76 0.75 19.65% 62.36% 

TSS Band ratio R373/R396 -2447.52 x R373/R396 + 2811.57 0.78 15.91% 58.34% 

Turbidity Single 
band 

R819 957.58 x R813 - 2.91 0.63 6.59% 5.28% 

Turbidity First 
derivative 

R821 -56956.11 x R821 - 0.42 0.87 4.48% 24.95% 

Turbidity Band ratio R396/R390 537.51 x R396/R390 - 521.12 0.72 9.25% 4.50% 
 

DISCUSSION AND CONCLUSIONS 
 

In this study we discussed the potentials to use 
hyperspectral data to predict concentrations of 
water quality parameters in inland waters.  

Presented were the results of coupling water 
quality parameters Chl-a, TSS and turbidity with 
field radiometric measurements taken along the 
Sava River.  

All the developed algorithms overestimated 
water quality values. The best precision and 
accuracy were obtained for the algorithms for 
turbidity estimations.  

NIR reflection peak at around 700 nm and 
absorption peak at 670 nm are not pronounced on 
all the reflectance spectra presumably because of 
the masking effect of high concentrations of 
suspended matter. 

The best algorithm for Chl-a was based on the 
R745/R418 band ratio model showing high 
correlation with measured values (R2 = 0.72) with 
MNB of 43.35% and NRMS of 25.94%. The well 
documented algorithm based on NIR/Red 
reflectance band ratio performed very poor in our 
study with R2 < 0.05. 

The best algorithm for TSS retrieval (R2 = 
0.78) was based on the R373/R396 band ratio 
model, but opposite to Chl-a algorithm, showing a 
high dissipation. 

The first derivative model showed as a best 
predictor for turbidity values (R2 = 0.87) MNB of 
4.48% and MRMS of 24.95%. 

The results of our study suggest that the band 
ratios used are useful to estimate water quality, but 
that the larger set of data is needed to achieve 
greater precision. The models developed will 
enable using data acquired from hyperspectral 
airborne and satellite sensors for monitoring water 

quality. This will provide cost-effective method for 
mapping Chl-a, TSS or turbidity values and 
possibly using them as proxy for evaluating trophic 
state and nutrient enrichment of the River Sava and 
similar inland waters. 
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ABSTRACT 
 
The Chinese government has advocated the 

use of municipal solid waste (MSW) incinerators to 
manage waste because of their high efficiency, 
minimal land requirement, and significant impact in 
terms of reducing solid mass. However, the use of 
MSW incinerators has been met with strong public 
resistance. Not in My Backyard (NIMBY) 
movements is becoming increasingly fierce. This 
study examines a case with reference to an 
unsuccessful municipal solid waste incinerator 
project in Ha
built to explain the mental mechanism for NIMBY 
movements. Then, based on the social marketing 
theory, a model of persistent social marketing mix 

making strategies in NIMBY facilities planning is 
developed. It includes 6Ps: Product, Price, Place, 
Promotion, Persist and Partnership. Meanwhile, 5 
steps in NIMBY facility policy making process are 
also demonstrated. 
 
 
KEYWORDS: 
Municipal solid waste incinerator, NIMBY, urbanization, 
social marketing. 
 
 
INTRODUCTION 

 
The reform and opening-up of China since 

1978 has fuelled its economy for three decades. 
Concomitant with this swift economic 
development, China has experienced rapid 

urbanization has increased by approximately 2% 
per annum and attains 52.57% in 2012 [1]. 
According to Chinese Academy of Social Sciences, 
this rate is expected to hit 60% by 2018 [2]. This 
unprecedented urbanization process indicates not 
only economic growth but also social problems. 
Especially, a dramatic rise in the amount of 
municipal solid waste (MSW). 

In 2013, 1.72 hundred million tons of MSW 
was produced in China [3]. The total dumped 
volume of MSW has reached 6 billion tons, which 

has occupied more than 5 hundred million square 
meters of land, and at least two-

this circumstances, MSW incineration as a practical 
and effective measures to reduce solid waste are 
getting popular. MSW incinerators was first 
introduced to China in 1998, since most city 
landfills during that time had reached their capacity 
[5]. Incineration had accounted for 20% of the total 
disposed waste by 2011, and been predicted to 
reach 45% by 2015[6]. This huge gap means that 
approximately 300 MSW incinerators are urgently 
needed between 2011 and 2015 according to the 
plan. 

However, to build new MSW incinerator has 
met with increasingly fierce public resistance 
despite the fact that incinerator technology has 
improved greatly since first-generation incinerators. 
More than 20 times of serious NIMBY (Not in My 
Back Yard) movements have happened since 2007, 
and its annual growth rate has reached 29%[7]. 
According to a national wide network survey, more 
than 80% responders object to build MSW 
incinerator around their residential area. In this 
survey, most people considered incinerator not only 
as a potential hazard for public health, but also an 
inducing factor of property values depreciation [8]. 
These researches indicates that NIMBY is already 
serious in China. Public opposition is a non-
negligible obstacle to MSW incinerator or even 
urbanization.  

In the meantime, traditional top-down 
mandatory policy making mechanism is getting less 
effective in NIMBY facilities. Because, firstly, in 
recent years, a growing number of young urban 
dwellers have been involved in protests against the 
NIMBY. They are well educated, own broad 
embrace of new environmental values, greater 
concern about unknown technological and 
environmental risks, as well as declining trust in 
government and enterprises, top-down policy 
making mechanism is more objectionable to them. 
Secondly, Chinese awaking awareness of property 
and civic rights also push the local governments 
transform to be service-oriented government. 
Consequently, a new and citizen-cantered policy 
marketing strategies are urgently needed. 
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Social marketing is the use of marketing 
principles and techniques to influence a target 
audience to voluntarily accept, reject, modify, or 
abandon a behaviour for the benefit of individuals, 
groups, or society as a whole [9]. Like commercial 
marketing, the primary focus of social marketing is 
on consumer - on learning what people want rather 
than dictating the way that information or policy is 
to be conveyed from the top-down. Social 
marketing theory and practice has been progressed 
in several countries such as the US, Canada, 
Australia, and the UK to achieve social goals. 
However, it is still in the start stage in China. Most 
of the studies focus on the basic concept 
discrimination, few of them discussed the 
application of social marketing in addressing social 
environmental problems and policy formulation.  

Therefore, this paper aims to discuss how 

citizens to accept a MSW incinerator and to avoid 
the NIMBY movement become an inevitable 
phenomenon by taking social marketing strategies. 
The paper is structured as follows: Section 2 
explains the research method, in Section 3, a case 
of MSW incinerator project in Hangzhou are given 

-
down policy mechanism in building MSW 

role and its social marketing strategies in MSW 
incinerator planning. Finally, conclusions are drawn 
in Section 5. 

 
 

RESEARCH METHODS 
 
In this study, we selected the siting of Jiufeng 

MSW incinerator in Hangzhou city as a case study. 
Hangzhou is the capital city of the Zhejiang 
Province in South China. Among Chinese cities, 
Hangzhou had the 10th largest economy in 2014. 
The disposable personal income (DPI) in Hangzhou 
has remained a record-high 7% growth rate for four 
successive years, and urban residents had reached 
44,632 Yuan (with real growth rate 7%) by 2014 
[10]. The sufficient capital accumulation in the past 
years made Hangzhou to be a typical city of 
urbanization. However, there was a serious protest 
towards planned MSW incinerator happened in 
May of 2014. It has created uproar among 
thousands of residents, and 53 people were arrested 
for excessive use of violence. Actually, the 
dilemma Hangzhou faces in the age of rapid 
urbanization is just an epitome of China. Almost all 
of Chinese cities are challenged by the surge of 

big cities, such as Beijing, Shanghai and 
Guangzhou.  

Therefore, a reference to Hangzhou provided 
an appropriate lens for investigating how the 
conventional mandatory policy making mechanism 

is not effective in MSW incinerator issues and shed 
light on what the social marketing mix can be used 
to guide the residents and change their opposed 
behaviours towards not only MSW incinerator but 
also other NIMBY facilities. 

Empirical data were mainly collected from 
published news articles of selected reporters. These 
news reporters publish stories largely circulated in 
the cities of south China. These reporters were also 
not only from Hangzhou but also from Hong Kong 
and Beijing. The mixed source provided a cross-
reference to ensure the interpretation accuracy. 

 
 

PLANNING AND SITE SELECTION OF 
JIUFENG MSW INCINERATOR IN 
HANGZHOU 

 
The proposed site of Hangzhou Jiufeng MSW 

incinerator was located in an abandoned pit in 
Jiufeng village, Yuhang district of Hangzhou city. 
It was 25 km away from urban area, which follows 

 incinerator 

China's Ministry of Environmental Protection. In 
addition, this incinerator is designed better than 
standard of Directive 2000/76/EC of the European 

 
-2002) primary A standard. 

As shown in the Table 1, This project was 
started from the April of 2012, responsible officers 
of Hangzhou City Construction Investment Group 
Limited (which is directly under Hangzhou City 
Government) field visited Jiufeng village for the 
new MSW incinerator site selection; in June, 
construction scheme of the incinerator has been 
finished by Hangzhou City Management 
Committee; in August, bidding of pre-feasibility 
report was started; in October, the pre-feasibility 
report was established by Hangzhou Academy of 
Urban Planning and Design (affiliated to Hangzhou 
Municipal Planning Bureau); in the next month, the 
pre-feasibility report was finished; in December, 
modification of the pre-feasibility report has been 
finally finished and submitted.  

Then, during the whole year of 2013, there 
was not any official public-oriented propagandas or 
preparations until 29th of March in 2014 ---the day 
Jiufeng MSW incinerator project was officially 
released. At the moment, most of the residents got 
to know it. Since then, small size internet 
campaigns calling for protests happened. In the 
22nd of April, Zhejiang Provincial Department of 

shared signature by more than 20 thousand 
residents has been submitted to Hangzhou MPB to 
oppose this project, and 52 people have applied to 
public hearing. Hangzhou MPB promised to reply, 
but actually, there was no reply until 9th of May. 
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TABLE 1 
The timeline of Jiufeng MSW incinerator planning. 

 

 
 

From 7th of May, crowds gathered in building 
site to protest the Jiufeng MSW incinerator project. 
On 8th, four experts were invited by city 
government to explain great concern problems to 
the general public, such as incineration technology, 
standard setting and overseas experience. 
Nonetheless, this protest was not over. On 9th, the 
district government of Yuhang promised that the 
construction would not begin until public agree to 
build. Nonetheless, on the 10th, conflict has arisen 
to serious violent protests and police intervened. On 
11th, the violent conflict ended.   

 
 

DISCUSSION 
 
Mental Mechanism for NIMBY 

Movements. In this case, there are mainly three 
factors leads to the NIMBY movements (as shown 
in Figure 1.): first of all, information asymmetry 

to this NIMBY movement. In contract theory and 

economics, information asymmetry deals with the 
study of decisions in transactions where one party 
has more or better information than the other. In 
this case, as the clearest and immediate of 
stakeholders, the residents are all kept in the dark 
until the project was started to build. The 
information they received are mostly by We Media 
(like BBS and QQ), rather than authoritative media. 
Information asymmetry causes misinforming and 
perceived risk (such as security risk, health risk, 
environmental risk and benefits risk) in every 

failed experiences and cases give rise to the distrust 
in local government and its related agencies. 
Michael E. Kraft and Bruce B. Clary pointed that 
losing the credibility of local government refers to 
the decreasing recognition and trust degree of 
government obtained from the public, directly 
affects the functions of the government and the 
ruling efficiency [11]. Hangzhou government failed 
to get the trust by the public despite its promise and 
experts invited. Thirdly, short of communication 

  City Government Residents 
NGO/ 

Colleges 

Media 
Official 
media 

We 
Media 

2012 

Apr. A field trip to Jiufeng 

Unknown Not involved 
Not 

involved 
Not 

involved 

Jun. 

Finish construction 
Scheme of Jiufeng 

MSWIP project 

Sep. Bidding begins 

Dec. 
Feasibility report has 

been proved 

2013 No preparation Unknown Not involved 
Not 

involved 
Not 

involved 

2014 

Mar. 
29th, Jiufeng MSWIP 
project was announced 

Unaware until 
this day 

Not involved 
Not 

involved 
Not 

involved 
Apr. 

22nd

announcement before 
 

Plan to protest 

24th, promise reply 
Shared signature to 
oppose the project 

May 

7th, no official reply 

Believed rumors, and 
started together in 

building site 

8th, invited 4 experts to 
explain great concern 

problems 

Crowds gathered in 
building site to protest 

the project 

Four experts were 
invited to explain 
concern problems 

No 
reaction 

The project 
was rumored 
to construct 

9th,halt the construction   News 
report 

Called for 
protest 

10th, police intervened Serious street protest    
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mechanism for NIMBY facilities result in 
perception of setbacks of the public. By the 
traditional top-down policy mechanism, the public 
were placed at an opposite towards government 
from the initial stage. The public was regarded as 

partner. Without positive response, which led the 

influence and stimulate each other, finally result in 
the NIMBY movements of Jiufeng.  

 
6Ps in MSW incinerator planning. The 

model of persistent social marketing mix based on 
partnership is demonstrated in Figure 2. In this 

mix in NIMBY facilities planning should not only 

the 4Ps).  
 
1)Product. 

represents the behavioural offer made to target 
adopters and often involves tangibles and 
intangibles. In this case, the tangible product is 
Jiufeng MSW incinerator, the intangible product is 
local community acceptance of MSW incinerator. 
Social marketer should stress on the benefits 
contributed by MSW incinerator. Also the alleged 
negative sides such as the possible damages to 
environment and property values must be especially 
tackled with. Among the Jiufeng MSW incinerator 
planning process, the social product  the MSW 
incinerator was designed in 2012, and which was 
not revealed until official announcement of this 
project in March of 2014; then in May, four experts 
have explained this project. During this long time, 
the Hangzhou government neither publicize the 

urgently needed MSW incinerator or the residents 

mo
incinerator also can be used to power generation to 

this MSW incinerator meets the strictest standards 
and will not damage health. Since benefits of MSW 
incinerator which public received was insufficient 
to address their concerns. Scientific proofs from 
experts became less reliable when professional 
knowledge was linked with the profit driven 
industries. The Jiufeng case demonstrated that 
social marketers must embody all the goodwill and 
ethics accumulated around MSW incinerator and 
acknowledged by experts since this social product 
start to planning.  

 
2) Price. 

audience associates with adopting the desired 
behaviour. It may be monetary or nonmonetary in 
nature. Nonmonetary costs are more intangible but 
are just as real for target audience and often even 
more significant for social marketing products. The 
social price for residents have to pay includes both 
monetary and nonmonetary cost. The monetary cost 
mainly is the depreciation of house property in 
short time. The nonmonetary costs are 
psychological risks and losses that might be 
perceived or experienced because of living close to 
a MSW incinerator. Consequently, monetary and 
nonmonetary incentives are both necessary to 

incentives could be divided in to augmented 
products (such as more perfect community 
facilities, convenient traffic condition) and financial 
compensation (such as rebates, allowances, cash 
incentives, and price adjustments). Nonmonetary 
benefits often deliver some form of pledge, 
recognition, and/or appreciation acknowledging the 
adoption of MSW incinerator.  

 
 
 

 

FIGURE 1 
 Y movements. 
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environmental risk by authorities, or to publicise 
the residents who support this project. However, the 
residents in Hangzhou only perceived the price they 
need to pay, rather than befits they get. The lack of 

project. 
 
3) Place & Promotion. 

marketing are the channels by which behaviour 
change is promoted and the places in which change 
is encouraged and supported. Two important 

incinerator planning are (1) accessibility to 
information about MSW incinerator, which is 
commonly known as the distribution channel, and 
(2) the surrounding environment that helps to 
facilitate the changed opposite behaviour towards 

persuasive communications designed and delivered 
to inspire target audience to action. In another 
word, social marketers should decide how to 
establish a dialogue and build relationships with 
public. Disseminating message is a common 
strategy used to increase awareness and knowledge 
about social product. The greater the convenience 
in reaching the product, the more likely it is that the 
transaction will occur. When Jiufeng MSW 
incinerator was planned to build, the local residents 
knew this MSW incinerator mostly by We Media 
(like BBS and QQ), rather than authoritative media. 
These messages about MSW incinerator could be 
later processed, reinterpreted by non-professionals. 
For example, such rumours were wildly spread on 

would be the largest MSW incinerator in Asia, 
which releases a lot of dioxins and contaminates 

construction on 8th of May, if there i

Therefore, the product image of Jiufeng MSW 
incinerator was delivered by non-authoritative 
channel, the information received by the Hangzhou 
public was mostly at odds with what the officials 
held and believed. When official and professional 
knowledge was insufficient to address public 
concerns, the scientific proofs would become less 
reliable. Hence, public knowledge on Jiufeng MSW 
incinerator intensified the fear toward it.  

 
4) Partnership. 

to be collaboration among the local government, 
NGO and universities. This cooperation can spawn 
benefits through the synergies developed among 
institutions. In this case, although Jiufeng MSW 
incinerator has passed environmental assessment 
and experts invited by local government have 
proved its environmental safety, the public still 
refused to accept it. Especially, when this project 
was linked with the profit driven industries. Thus, 
lack of local government credibility has greatly 
impeded the MSW incinerator social marketing. In 
this context, the social marketer should not only be 
the local government, the third-party organizations 
are also urgent needed (such as universities and 
NGO). A comparison among local government, 
NGO and university in social marketing is shown in 
Table 2. From the very beginning of Jiufeng MSW 
incinerator plan, almost all the assessments were 
completed by municipal agencies, none of the third-
party organization has participated in the process. 

played no role in the whole process, non-
professional knowledge consolidated the mistrust 
toward local government, as well as MSW 
incinerator. Therefore, instead of being the only 
main body of promoting MSW incinerator, local 
government should cooperate with NGO and 
universities. 

 
 

 

FIGURE 2 
The model of persistent Social Marketing mix based on partnership. 



© by PSP  Volume 25  No. 112016, pages 4823-4830  Fresenius Environmental Bulletin  

4828 

 

TABLE 2 
 Comparison among local government, NGO and University in social marketing. 

 
 Motives Advantages Disadvantages 

Local Government Government 
responsibility 

Resource-rich strong executive 
capability and mobilization, well-

developed institutions 

Absence of public 
trust, 

low efficiency 

NGO Organizational 
Goal 

Own the image of public service, 
remarkable advantages in public 

related areas 

fund shortage, 
weak execution 

Universities Scientificity Initiative, neutral, systematic and 
well-financed 

Operability 
limitation, time 

costing 
 

 
5) Persist. 

sustainability of policy and implementation. The 
Transtheoretical Model (TTM) of behaviour 
delineates 6 stages an individual goes through 
during a behaviour change: a) Precontemplation; b) 
Contemplation; c) Preparation; d) Action; e) 
Maintenance and f) Termination. It claimed that 
individuals at different stages of change would have 
different attitudes, beliefs and motivations with 
respect to the new behaviour, and hence different 
treatment approaches, policies and strategies would 
be necessary for individuals in the different stages 
of change. Therefore, an information feedback 
mechanism and assessment system of social 

from the perspective of the protest process. The 
protest started from the 22nd of April to 7th of 
May, the reaction of residents has upgraded from 
heated discussion on internet to on-site violent 
protest. The number of protesters increased from 
hundreds people to thousands. However, in this two 
weeks, the local government not only has given no 
official response to public, but also neglected 

Secondly, in the respect of the decision making 
process, Jiufeng MSW incinerator was decided in 
2012, and there was a whole year to make a 
systematic propaganda. Unfortunately, in fact, 
Yuhang local government made the decision in 
secret instead of making full use of this period to 
improve the social acceptance of MSW incinerator 
in 2013. 

 
Social marketing planning steps in MSW 

.In addition, this model also indicates five principal 
steps of social marketing planning (see Figure 2.): 
in the first step, we suppose an investigation is 
essential for the social marketers to identify a) the 
risks of a NIMBY facility, such as its health risk, 
environment risk and so on. b) The stakeholders, 
like the residents, local enterprises whom could be 
affected by it. Secondly, to divide all the 
stakeholders into smaller groups who will likely 

require unique but similar strategies in order to be 

persuaded to accept the NIMBY facility for 
instance, their education levels or occupations and 

their extent of opposition . In the third step, to 
select a few segments as target audiences (they are 
generally the primary opposition groups or opinion 
leaders). And to develop a rich profile of their 
distinguishing characteristics that will inspire 
strategies to uniquely and effectively appeal to 
them. In the fourth step, to build up the momentum 

initially used in marketing areas to establishing the 
advantages of public consensus when a new 
product is launched or an enterprise is unknown. 
Then, this strategy is also extensively used in 
election campaigns. In NIMBY facility planning 
and managing such a project case, we suggest the 
marketers should also made full use of the guidance 
of publi

official and scientific knowledge. Finally, based on 
the distinguishing characteristics of the target 
audiences to develop the 6 Ps social marketing 
strategies. 

It should be mentioned, based on this case, the 
NIMBY movement could be divided into four 
periods, including communicating period, emerging 
period, the period of crisis as well as decreasing 
period. In order to and different periods of the 
different focus. Once the policy decision is issued, 
the social marketing planning should be applied to 
the four periods by different social marketing 
strategies, respectively. 

 
 

CONCLUSIONS 
 
As a result of the rapid urbanization, economic 

development and population growth in China, the 
ever-growing MSW urgently appeals to the 
growing need for disposal facilities, especially 
MSW incinerator. However, since the MSW 
incinerator has attracted increasing environmental 



© by PSP  Volume 25  No. 112016, pages 4823-4830  Fresenius Environmental Bulletin  

4829 

 

and public health attentions, a great number of 
people directly choose to object by NIMBY 
movements despite the fact that this MSW 
incinerator has conformed to all the standard. 

middleclass urban dwellers have become dominant 
force in society, the NIMBY movements would 
become more common and serious in China. 
Hangzhou is not alone in this regard. 

The case of Hangzhou shows that advanced 
technology do not necessarily result in social 
acceptance for NIMBY facilities. The more 
important thing is to use social marketing strategies 
to change behaviours and policy making 
mechanism, not only to effect short term or 
immediate changes, but also attain longer term 
change via attitude, behavioural intention, and 
raising awareness. Based on the case of Hangzhou, 

mechanism for NIMBY movements, these factors 
influence and stimulate each other, finally result in 

traditional top-down policy mechanism still plays a 
 and 

other NIMBY facilities planning, we particularly 
develop a model of persistent social marketing mix 
based on partnership to improve the local 
governments function. 

MSW incineration is far more than a technical 
policy issue due to the potential environmental, 
social, and public-health risks involved. However, 
Chinese government focuses too much on facility 
investment and construction, while paying too little 
attention to popularize the relevant scientific 
knowledge and supervision of plant operations. The 
NIMBY movements should no longer be treated as 
unreasonable to be suppressed with riot police. On 
the contrary, the government should rethink 
profoundly the reason why the public opposite 
these policy. NIMBY movements to the siting of 
MSW incinerator wi
suggests that incinerator siting is not just a technical 
response to waste problems but must be addressed 
in the context of democratization, a context in 
which the expectation of public participation in the 
siting process must to be satisfied if siting is to be 
successful and the incineration policy is to be 
sustained.  
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ABSTRACT 

The purpose of this study is investigation of 
stability of anthocyanin extracted from sample of 
the Iranian red rose, as well as increase of various 
concentration of anthocyanin on oxidative stability 
following the tallow. Anthocyanin extracted using 
by three methods, solvent, soxhlet and microwave. 
Solvent extraction was preferred the best and most 
efficient method. The anthocyanin stability of rose 
by metal cation of selenium, organic acids of citric 
acid and lactic acid and also amino acid of 
methionine was studied. In this study, selenium due 
to the antioxidant properties in terms the stability of 
anthocyanins was evaluated for the first time. The 
innovative study was accomplished on stabilizing 
factors, besides the antioxidant properties were 
evaluated by DSC, which the interesting and 
significant results were achieved.  The antioxidant 
activity of extracts in concentrations of 500, 1000, 
1500, 2000 ppm added to tallow were analyzed by 
DSC. The obtained results show the concentration 
of 1500 ppm of rose extract was selected as 
optimum, since the oxidation temperature was 
raised from 158.36ºC to 183.42ºC. Consequently, 
the temperature rising due to the antioxidant 
properties of anthocyanins in red rose could be 
greatly vital from oxidative stability point of view 
as a natural source. 

 
 
KEYWORDS: 
Anthocyanin, Rose, Solvent Extraction, Microwave, 
Soxhlet, Differential Scanning Calorimetry DSC, Tallow 
 
 
INTRODUCTION 

Anthocyanins are a group of flavonoids that 
cause red to blue colors in plants and flowers [1,4]. 
Anthocyanins are considerable due to their 
antioxidant and anticancer properties [2, 3]. 
Extracts from rich sources of these natural pigments 
such as hibiscus, roses and berries are used as food 
colors and medicinal compounds [5-7]. The main 

part of the anthocyanins is the aglycones [8-9,13]. 
According to the above said issues about the 
importance of anthocyanins as well as attention to 
their instability and sensitivity, finding materials 
and methods that can increase the stability of 
anthocyanins, is necessary. Several factors increase 
the stability of anthocyanins: acylation [14] and 
among acylated compounds, poly-acyl 
anthocyanins have more stability in weak acidic pH 
range. This study tries to evaluate the effects of 
some chemicals that are widely used in the food 
industry on the stability of anthocyanins extracted 
from red roses and also as natural antioxidants on 
the tallow stability and durability. In this study, the 
effect of metal cations, organic acids effect on the 
stability of anthocyanins extracted from the range 
of pH <2 were measured by UV-Vis 
spectrophotometer, and stabilizing the presence of 
anthocyanins in the extract purified by SPE 
columns was done by FT-IR device. Pelargonidin 
3-glucoside was the most pigment in red roses [3]. 
In this study, the effects of metal cation of 
selenium, organic acids and amino acids on stability 
of anthocyanin in rose were examined. Also, the 
effects of anthocyanins in rose on the stability of 
tallow were studied using DSC. 

 
 

MATERIALS AND METHODS 

Materials and sample preparation. Sample 
tested in this study is red rose. 300 branches of 
Iranian red roses were purchased from Parchin 
farms located in Hamamak of the city of Varamin. 
Their petals were kept in a dark place at -20 °C [1]. 
Petals were washed with distilled water, and after 
being dried, the petals were cut by clean scissors. 

 
Extraction. Rose extraction. Here we used 

the method of [3] to extract anthocyanins. 
According to this method, 5% acidic ethanol 
solvent (97% formic acid V/V) with the 1:10 ratio 
of sample to solvent was used. 5 g of rose petals 
with 50 mL of acidic ethanol solvent was kept for 
48 hours in a dark place at 4 °C. Then the mixture 
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was filtrated and connected to a rotary evaporator 
device in vacuum for an hour for concentration [3]. 
For complete drying of the sample, the concentrated 
sample was homogenized with 25 mL of distilled 
water and then it was put in freeze dryer at -40 °C 
for 24 hours until the completely dried. 

 
Measuring anthocyanins by pH differential 

method. For quantitative assessment and 
measurement of anthocyanins in foods, several 
methods have been reported. The method that 
Fuleki and Fransis used in 1968 is still the best one. 
In this method, the samples prepared were 
measured by the buffers with pH = 1 and pH = 4.5 
using a spectrophotometer (UV-Vis) at a 
wavelength of 511 nm for rose. Because the main 
pigments of red rose is Pelargonidin 3-glucoside 
which has the most absorption at these wavelengths 
for samples tested in this work [14, 3]. Sample of 
roses after being dried in freeze dryer, were 
separately brought to the volume with 25 mL of 
buffer pH = 1 and pH = 4.5, and after being filtered 
by syringe tip filters, 1 mL of each of them were 
taken and rose was brought to10 mL volume with 
their own buffers. After 15 minutes, samples 
absorption was examined with a spectrophotometer 

UV -Vis at a wavelength of 450-600 nm, and  

Maxwas obtained. Due to these studies, absorption of 
sample of roses was obtained and the amount of 
anthocyanins obtained was calculated by Formula 
1. 
A = [ A -  A700  ]pH=1 -  [ A -   A700  ]pH=4.5

 

C mg/L= A. MW. DF.1000/£.L 
DF = Dilution Factor 
L = Cell length in cm 
£ = Molar absorption. Molar absorption index for 
pure pigments is 26900 L/mol.com. 
MW = Molecular weight. Molecular mass of main 
anthocyanins of rose is 433.38 g/mol 

 
Purification. 20 g of sample of rose with 200 

mL of 5% acidic ethanol (formic acid 97% V/V) 
was extracted by solvent. After 48 hours and 
filtration with filter paper, samples were put in half 
of the initial amount in the rotary at 35 °C and 
vacuum pressure of 50 bar. The concentrated 
extract was prepared for purification and removal of 
sugar and fat. Subsequently, cellulose columns and 
silica gel mini column, with ethanol as eluent were 
used by SPE method for the procedure. Finally, 
Benedict tests showed the complete removal of 
sugar from purified extracts. Finally, the purified 
sample was prepared after crystallization in 
crystallizer and to demonstrate the presence of 
anthocyanins, the purified extract was examined by 
FTIR analysis. 

 
Anthocyanins stability. All stages of 

extraction and purification were repeated at this 
stage. After purification, the sample was dried in 

rotary evaporator; the purified sample was 
dissolved with 20 mL of deionized water and kept 
in a dark place at -20 °C [15, 16]. 

 
Stability of anthocyanins with selenium 

dioxide. A solution 0.1 M of selenium dioxide was 
prepared and the stages of the stability of this cation 
were conducted and absorption changes of the 
samples prepared were reported and evaluated by 
UV-Vis spectrophotometer. The sample of rose 
with 140 μL of selenium dioxide, it increased the 
absorption of control sample from 0.725 to 1.311 at 
a wavelength of 511 nm. 

 
Stability of anthocyanins with organic 

acids. A solution 0.1 M citric acid and 10% (V/V) 
lactic acid solutions were prepared, and each of 
them was separately purified with variable amounts 
(0.50.100.150.200.250.300.350 μL) and 200 μL of 
rose extract which was brought to 1,000 μL with 
deionized water. Absorption of the prepared 
samples was measured by UV-Vis 

spectrophotometer and  Max changes were studied. 
The greatest amount of lactic acid in the increased 
absorption of rose compared to the control sample 
was 300 μL which increased the absorption of 
control from 0.865 to 1.245 at a wavelength of 513 
nm. In addition, citric acid with optimal amount of 
300 μL, enhanced the absorption of control sample 
from 0.458 to 0.926 at a wavelength of 513 nm. 

 
Stability of anthocyanins with methionine. 

A solution of the methionine at a concentration of 
1% was prepared and with 200 μL of purified rose 
concentrations of 20,40,60,80,100,120 and 140 μL 
of methionine and deionized water, 1,000 μL of 

each sample were provided and  Max changes were 
studied Fig 8. Methionine with the value of 20 μL, 
increased the absorption of control sample from 
0.468 to 0.478 at a wavelength of 512 nm. 

 
Thermal Analysis. Studies with DSC. DSC 

is widely used more than other thermal analysis 
techniques, is defined by the International 
Confederation of Thermal Analysis (ICTA). DSC is 
a quantitative technique and when heat transfer is 
done in this technique, the energy absorbed by the 
sample is restored for temperature equilibrium. The 
incoming energy is completely synonymous with 
the absorbed energy in the transmission, recording 
the energy balance, provides a measure of energy 
transfer direct calorimetric which is plotted as a 
peak. The area that is enclosed by the curve is 
directly proportional to the enthalpy change and 
shows the direction of that heating and cooling 
thermal phenomenon. 

 
Oxidative stability. Using DSC is to study the 

oxidation stability of samples. In this study, the  
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TABLE 1 
Comparison of anthocyanins obtained in three extraction methods for rose petals 

 
Anthocyanin 
conc.(mg/100g) 

pH=4.5 
 

pH=1 max/nm 
 

Extraction 
Methods 

 A700 nm A  max A700 nm A  max       
65 0.0031 0.0262 0.001 0.8094 511 Solvent 
45.379 0.0026 0.0061 0.0014 0.5483 511 Microwave 
19.131 0.0015 0.0229 0.0022 0.7108 511 Soxhlet 

 
 

 
 

FIGURE 1 
FTIR spectra of purified extract of the rose petals 

 
 

dynamic method is used. Preparation of tallow was 
used as a blank. 

 
Preparation of a mixture of extract and 

tallow for DSC. 10 mL of purified extracts of roses 
was dried separately in freeze dryer for 24 hours. 
To provide a mixture of extract and Tallow, dried 
extracts were solved with 2 drops of absolute 
Merck ethanol and tallow which was melted by 
Bain-marie method, solutions with concentrations 
of 500,1000,1500, 2000 ppm were prepared from 
both samples. Tallow oxidation temperature 
changes in different concentrations of anthocyanins 
were compared to the control oxidation 
temperature.  

 
 

DISCUSSION AND RESULTS 

Advantages of solvent extraction over other 
extraction methods. The results of the studies 
showed that anthocyanins obtained by solvent 
extraction were significantly more compared with 
the microwave method. Solvent extraction was 
better than Soxhlet extraction, though the amount of 
anthocyanin was high in Soxhlet method (Table 1), 
but due to the high temperatures, Soxhlet extraction 
method is not appropriate, because anthocyanins 
lose their stability at temperatures above 40 °C. In 
Soxhlet extraction, temperature rises to the boiling  

 
 
point of the solvent and evaporates, while in solvent 
extraction, temperature is controlled under 4 °C. 

 
Purification system of extracts. Purification 

method used in this research is a new method 
compared to the work done [1] (method Zhang, 
Gao). This is a cheap, easy and accessible method, 
which leads to completely removal of sugar from 
the anthocyanins. Due to the negative effect of 
sugars on the stability of anthocyanins, in the 
studies done, it was tried to completely remove it 
which was done successfully. With Benedict sugar 
test, removal of sugar was specified and reported. 
The result of purification of rose extract by SPE 
method is shown in Figure 1. 

 
Review of stability stages. Anthocyanins 

stability is one of the most important and the main 
stage during the study [16]. According to studies 
and experiments conducted in this study, we 
concluded that selenium has positive effects on the 
stability of anthocyanins, and due to increased 
concentration of these metals in anthocyanins, their 
stability increases Figure 2. Selenium is critical to 
the health of living organisms, efforts to increase Se 
concentration in the diet are urgent for both current 
and future generations. Selenium is incorporated in 
a small cluster of important proteins, each of which 
plays a critical role in our health. Furthermore, 
organic acids could be considered as important 
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agents on the stability of anthocyanins, which can 
be seen in Figure 3 and Figure 4. It is observed that 
by increasing the concentration of lactic acid, 
absorption of samples increases compared to 
control sample. Alternatively, methionine only in 
amount of 20 μL would increase the stability, 
slightly. Nevertheless, by increasing the amount of 
methionine, the stability of anthocyanins of rose 
petals was decreased, which could be act as a 
negative impact on the stability of anthocyanins that 

is shown in Figure 5. This matter could be because 
of NH2 group of methionine as an alkaline group. 
The anthocyanins in rose are sustained in acidic 
environment with in good shape from stability point 
of view. Due to increase of volume of methionine, 
the absorption would be decreased; therefore, 
methionine showed the negative impact on the 
stability of anthocyanin in rose. 

 

 
 

 
 

FIGURE 2 
Effect of selenium on anthocyanins of rose petals 

 

 
 

FIGURE 3 
Effect of lactic acid on rose petals 

 

 
 

FIGURE 4 
Effect of citric acid on rose petals 
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FIGURE 5 
Effect of methionine on rose petals 

 

 
 

FIGURE 6 
Impact of rose petals anthocyanins on tallow oxidation temperature 

 

 
 

FIGURE 7 
Control sample of tallow in rose petals 

 
 
Reviewing the results obtained from DSC. 

Conducting the stability stages of tallow oxidation, 
it was found that by adding different concentrations 
of natural anthocyanins, at the concentration of 
1500 ppm, the greatest impact on thermal stability 
and oxidation temperature of tallow was observed. 
Therefore, in this study the increase in oxidation 
temperature of tallow was observed from 158.36°C 
to 183.42 °C, which is the best thermal 
displacement as much as 25 degrees (Figure 6 and 
7). 

 
 

CONCLUSIONS  

In this study, it is found that the amount of 
anthocyanins of rose petals, which was extracted by 
solvent extraction method, would be the maximum 
than other methods. These pigments could be 
purified using cellulose columns and silica gel by 
SPE method. Beside, the study on anthocyanins 
stability was accomplished by selenium dioxide, 
lactic acid, methionine and citric acid, which 
showed the positive impact on the stability of 
anthocyanins. It is clear that good selenium 
nutrition is important for antioxidant protection and 
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for other health reasons as well. As a final point, it 
is concluded that the extracted anthocyanins from 
natural sources could be act as a positive effect in 
retarding the oxidation rate, which should be 
considered as the crucial factor in the food industry 
and also food technology.  
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ABSTRACT 

 
Nitrogen-modified anatase titanium dioxide 

catalyst was synthesized and coated on glass-fiber 
by dip-coating sol-gel method in the presence of 
urea. The catalyst was characterized with scanning 
electron microscopy, X-ray photoelectron 
spectroscopy, UV-Vis diffuse reflectance 
spectroscopy. The results indicated that TiO2 were 
modified by surface-polycondensation materials 
and nitrogen was in substitutional and interstitial 
states. Additional X-ray diffraction analysis 
indicated that anatase to rutile transition was 
restrained up to 800 ºC. Its photocatalytic activity 
was further evaluated by photodegradation of 
ibuprofen under simulated solar irradiation, and the 
results indicated that nitrogen-modified TiO2 was 
influenced significantly by urea loading and 
calcination temperature that resulted in crystal size 
change and nitrogen states. The optimal doping 
dose and calcination temperature were 11 % wt and 
500 ºC, respectively. Newly fabricated N-modified 
TiO2 photocatalysts coated on glass fiber were 
efficient for ibuprofen removal under simulated 
solar irradiation.  

 
 

KEYWORDS: 
Titanium dioxide; Glass fiber; Sol-gel method; Ibuprofen; 

Solar irradiation 

 
 

INTRODUCTION 

 
Titanium dioxide (TiO2)-based photocatalysis 

is a highly promising technology for environmental 

pollutant remediation due to its excellent optical 
and electronic properties, low cost, high 
photocatalytic activity, high chemical stability, and 
low toxicity [1, 2]. TiO2 or modified TiO2 powder 
has been commonly used in water and wastewater 
treatment due to its high specific surface area and 
easy dispersion. However, application of TiO2 in 
slurry-type reactors is limited mainly due to the 
difficulties in separating of TiO2 or modified/doped 
TiO2 particles from treated wastewater. To solve 
this problem, one promising method is to 
immobilize TiO2 catalyst on carriers, and TiO2 has 
been prepared on various types of substrates, such 
as quartz laminas [3], glass plates [4], fused silica 
substrates [5], and pure titanium metal [6]. 
However, no studies have been reported on 
fabrication of N-modified TiO2 catalysts 
immobilized on glass fiber.  

In addition, TiO2 exhibits photocatalytic 
activity only in the near ultraviolet (UV) region due 
to the large band gap (3.2eV for anatase), which 
means that only 5% of sunlight can be used to 
activate the catalyst. To expand the absorption 
range of TiO2 from UV to visible-light region, 
researchers recently have tried to modify TiO2 with 
nonmetals, such as carbon, boron, nitrogen, fluorine, 
and sulfur [7, 8]. Among these nonmetals, nitrogen 
was one of the most promising materials and 
various fabrication processes have been developed 
to modify TiO2, which include sol-gel method [9], 
plasma-treatment [10], wet impregnation method 
[11], hydrothermal synthesis [12], and so on. 
Nitrogen precursors include triethylamine [11], 
ammonium chloride [13], ammonia [14], 
ammonium nitrate [15], and urea [16, 17]. Although 
these methods and materials have been extensively 
studied, most existing studies focused only on 
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visible light-driven photocatalytic activity. Only 
limited studies have been done on photocatalytic 
activity induced by solar or simulated solar 
irradiation that is wider than visible light. 

The objective of this study was to 1) 
synthesize a new nitrogen-modified TiO2 
photocatalyst and immobilize it on glass-fiber; and 
2) evaluate its photocatalytic activity under 
simulated solar irradiation for its potential 
applications in waste treatment. A facile sol-gel 
method was developed to fabricate N-TiO2 
photocatalyst and immobilize on glass-fiber net. 
The photocatalyst was then characterized by 
scanning electron microscopy (SEM), X-ray 
photoelectron spectroscopy (XPS), X-ray 
diffractometry (XRD) and UV-Vis diffuse 
reflectance spectroscopy (DRS). Ibuprofen (IBP) 
was selected as a model compound to evaluate the 
photocatalytic activity of the newly fabricated 
photocatalyst under simulated solar irradiation. The 
results many provide new insights on the 
development of solar light induced photocatalysts 
for their applications in water treatment.  

 
 

EXPERIMENTAL 

 
Materials and chemicals. Ibuprofen and 

methanol (HPLC grade) were purchased from 
National Institutes for Food and Drug Control of 
China and Sigma-Aldrich, respectively. All other 
reagents were purchased from Sinopharm Chemical 
Reagent Co., Ltd, China. Titanium (IV) 
tetrabutoxide (Ti[O(CH2)3CH3]4, 99%) and all other 
reagents used for TiO2 sol preparation were of 
analytical grade. Deionized water was obtained 
from Millipore Milli-Q System (Water, Millipore). 
Commercial glass-fiber net with a hole dimension 
of 1.5mm×1.5mm was purchased from Shaanxi 
Huatek Fiberglass Material Group Co., Ltd, China. 
The diameter of glass fiber is between 8 and 10 m. 
The glass fiber can be calcinated at more than 900  
without any significant physical or chemical 
changes. 

 
Preparation of the N-modified TiO2 

photocatalyst. The N-modified TiO2 photocatalyst 
coated on glass-fiber was prepared by a dip-coating 
sol-gel method. At first, ethanol, titanium (IV) 
tetrabutoxide, HNO3 (1+4) and water was 
homogeneously mixed at a ratio of 800:80:2.5:8 
(v/v). Then urea was added into this solution to 
prepare colloidal solutions at different N-Ti ratios 

(g-N/g-Ti: 0, 1%, 3%, 5%, 7%, 9%, 11%, 13%), 
and these catalysts were named as x % N-TiO2 
based on the nominal N/Ti weight ratio. The 
glass-fiber net was cleaned by DI water with 
ultrasonic assistance and dried at room temperature. 
The clean glass-fiber net was dipped in the colloidal 
solution for 10 min and withdrawn from the 
solution at a speed of 1 cm/min, dried for 3 h at 
room temperature, followed by calcination at 
different temperatures (400, 500, 600, 800 ºC). The 
ramp and dwell time were 2 ºC/min and 1 hour, 
respectively. The temperature was then dropped to 
room temperature. The dip-coating and calcination 
were repeated three times. The catalysts calcinated 
at y ºC temperatures were named as TiO2-y. 

 
Characterization. The surface morphology of 

the catalysts was determined with an ESEM/EDAX 
FEI Quanta 200 instrument operated at 15 kV. 
X-ray photoelectron spectroscopy (XPS) 
measurements were performed in a Kratos AXIS 
ULTRADLD spectrometer, which was equipped 
with a -rays source 
(1486.6 eV) and operated at 150W for excitation. 
The shift of the binding energy due to relative 
surface charging was corrected using the C 1s level 
at 284.8 eV as an internal standard. X-ray 
diffraction patterns of N-doped TiO2 photocatalyst 
immobilized on glass-fiber net were obtained on a 
Rigaku D/Max2550V X-ray diffractometer. The 
average crystal sizes were calculated from the 
X-ray diffractograms by the Scherrer formula. The 

-70° range using Cu 
-vis DRS 

were recorded on a Scan UV-Vis-NIR 
spectrophotometer (Varian, Cary 5000) equipped 
with an integrating sphere assembly, using BaSO4 
as reflectance sample.  

 
Photoreactivity measurements. 

Photodegradation of IBP was used to evaluate the 
photocatalytic activity of the prepared N-TiO2. The 
photocatalytic degradation experiments were 
conducted in a Pyrex cylindrical photoreactor with 
an internal diameter of 10 cm. The N-TiO2 
photocatalysts immobilized on glass-fiber net were 
fixed into the photoreactor by stainless steel rings. 
An 100-W xenon short-arc lamp (Cnlight Co., Ltd, 
China) simulating solar irradiation was hanged 15 
cm over photoreactor (Fig. 1).  

For each experiment, 400 mL of 10 mg/L IBP 
solution was added into the reactor and mixed by a 
magnetic stirrer. The concentration of aqueous IBP 
was determined by HPLC (Hitachi L-2000) coupled 
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with an Apollo C18 reversed phase column (250 
mm × 4.6 mm, 5 μm) at 35ºC. The mobile phase 
was methanol-phosphoric acid of 0.01 M (80/20, 

performed with a VW detector at the wavelength of 
223 nm.

 

FIGURE 1 
Schematic of the photocatalytic reactor for N-TiO2 catalysts 

  

 
FIGURE 2  

(a) SEM image of the nude fiber-glass net; (b) SEM image of the fiber-glass net coated with N-TiO2;  
(c) SEM image of nude fiber glass; (d) SEM image of the glass fiber coated with 

11% N -TiO2 calcinated at 500 ºC. 
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RESULTS AND DISCUSSION 

 
SEM analysis. Morphology of the N-TiO2 

catalysts was examined by SEM (Fig. 2). The 
morphology difference of fiber glass net without 
and with coated photocatalyst was shown in Fig. 2a 
and Fig. 2b. The nude fiber-glass net was bright and 
the fiber-glass net coated with N-TiO2 was dim, 
suggesting that catalysts were successfully coated 
on the surface of fiber glass. Further SEM analyses 
with higher resolution showed that the surface of 
nude fiber glass was smooth (Fig. 2c) and the 
surface of glass fiber coated with a thin film of 
N-TiO2 catalysts was rough (Fig. 2d). The film 
surface of N-TiO2 was nonuniform due to the 
shrinkage in the drying and calcination process.  

 
XPS analysis. To confirm N modification and 

its states in TiO2 on fiber-glass net, XPS spectra 
were obtained for unmodified TiO2 and 11% 
N-TiO2 samples that were calcinated under 400 ºC, 
500 ºC, and 600ºC. 

The N 1s XPS spectrum of the unmodified 
TiO2 is shown in Fig. 3a. There was no significant 
peak. Fig. 3b showed the spectrum of TiO2-400 and 
the N 1s region could be fitted into three peaks at 
399.5 eV, 400.5 eV, and 402.2 eV, respectively. The 
values of 399.5 eV and 400.5 eV, which were 
consistent with corresponding data for carbon 
nitrides (399-400 eV, C=N-C), similar graphite-like 
phases (400.6 eV, N-Csp2), and polycyanogen (399.0 
eV, 400.5 eV, (-C=N-)x) [18], indicated that TiO2 
catalysts coated on glass-fiber in our study was 
modified by polycondensation products of 
intermediate melamine produced in a 
titania-catalyzed transformation of urea [18, 19]. 
The slight N1s peak at 402.2 eV could be attributed 

modified TiO2 sample [20, 21]. It can be concluded 
that the TiO2-400 catalyst was concomitantly 
modified by polycondensation products of 
melamine and interstitial N.  

The XPS spectrum of N 1s region of TiO2-500 
was shown in Fig. 3c. It is worth noting that the N 
1s region could be fitted into could be fitted into 
three peaks at 402.2 eV, 399.5 eV and 400.3 eV. 
Peaks at 399.5 eV and 400.3 eV resembled those at 
399.5 eV and 400.5 eV in TiO2-400. Previous 
studies indicated that melamine was converted 
under condensation to white melam, white-beige 
melem, and yellow melon during thermal treatment 
at 450  [19], and therefore TiO2-500 have been 

modified by multi-type nitrogen. 
The XPS spectrum of N 1s region of TiO2-600 

(Fig. 3d) could be fitted into four peaks at 398.1 eV, 
399.4 eV, 400.6 eV, and 401.5 eV. The observed 
peak at 398.1 eV could be attributed to the 
substitutional nitrogen in the N-Ti-O structure 

[21-23]. The peaks at 399.4 eV and 400.6 eV can be 
ascribed to polycondensed s-triazines of graphitic 
structure produced by heating at 550  and 
melem/melon fragments [19]. However, we noticed 
that Cong et al. reported two N 1s peaks (one at 
399.2 eV and another at 401.2 eV) [24], which were 
present in the chemical environment of O-Ti-N and 
Ti-O-N. The peaks at 399.4 eV and 401.5 eV 
resemble those two peaks, and therefore it can be 
assumed that the chemical states of the nitrogen 
doped into TiO2 are various and coexist in the form 
of substitutional N-Ti-O and Ti-O-N (Ns). The 
interstitial N peak at 402.2 eV in TiO2-400 and 
TiO2-500 was not observed. Other reactions may 
have occurred with the N atom when the sample 
calcinations were conducted in an atmosphere of air 
[25]. 

In summary, XPS results indicated that TiO2 
supported on fiber-glass net were combinedly 
modified by surface-polycondensation modifiers 
and N states in substitutional or interstitial states. N 
states in modified TiO2were significantly changed 
under different calcination temperatures. 

 
X-ray diffraction. XRD spectra evolution of 

the N-TiO2 photocatalysts as a function of the N 
loading (T=500 ºC) and calcination temperature (11% 
N-TiO2 sample) were shown in Fig. 4. Peaks of 
crystal SiO2 were not observed among the XRD 
spectra because the silicon dioxide SiO2 existed in 
amorphous form. No significant changes were 
observed and all of the peaks can be assigned to 
anatase phase for catalysts of different N dosages. 
The brookite phase, rutile phase and TiN phase 
were not observed even the calcination temperature 
reached to 800 ºC, indicating that the phase 
transition from anatase to rutile was inhibited due to 
the presence of N. Similar results were observed in 
previous studies by P. Cheng and S. C. Pillai et al. 
when urea was used as nitrogen precursor [26, 27]. 
It had been ascribed to the pH increasing due to the 
gradual decomposition of urea, which retarded the 
formation of rutile. 
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FIGURE 3  
XPS spectra of N1s of the prepared samples: (a) unmodified, (b) TiO2-400, (c) TiO2-500, (d) TiO2-600. 

 

FIGURE 4 
XRD patterns of samples with different N contents calcinated at 500 ºC (a) and 11% N-TiO2 sample 

calcinated at different temperature (b). 
 

The average crystallographic domain sizes 
estimated from the analysis of these diffractograms 
were listed in Table 1. The results indicated that 
urea dosage had significant impact on the crystal 
size of the N-TiO2. The crystallite size of N-TiO2 
gradually increased with increasing urea content to 
reach a maximum value of 26.4 nm for the 7% 
N-TiO2 sample, and further decreased to 19.7 nm 
for 11% N-TiO2, but adversely increased with 
further increasing urea content to 13%. Such a 

change could be attributed to the dual effects of 
urea. The steric-resistance of urea restricts the 
formation of the three-dimensional Ti-O-Ti network 
during the preparation of the starting amorphous 
titania. The Ti-O-Ti network was interrupted by 
urea and could not become large and complete. So 
the addition of urea helped form well-dispersed and 
smaller titania crystals. On the other hand, urea 
could cause the entanglement and could not 
effectively disperse Ti-O-Ti network during sol-gel  



© by PSP  Volume 25  No. 11/2016, pages 4837-4847    Fresenius Environmental Bulletin  

4842 

 

TABLE 1 
Characteristics of N-modified TiO2 film supported on glass fiber prepared at different conditions and 

their photocatalytic activity. 
 

Sample Calcination 

Temperature 

(ºC) 

N:Ti ratio 

(g/g) 

Crystallite 

size (nm) 

Kinetic parameters 

k (min-1) R2 

Unmodified 500 0 19.3 0.0369 0.9953 

1% N-TiO2 500 1% 19.2 0.0313 0.9897 

3% N-TiO2 500 3% 19.2 0.0294 0.9892 

5% N-TiO2 500 5% 23.0 0.0226 0.9987 

7% N-TiO2 500 7% 26.4 0.0294 0.9860 

9% N-TiO2 500 9% 20.2 0.0264 0.9956 

11% N-TiO2 500 11% 19.7 0.0423 0.9948 

13% N-TiO2 500 13% 24.3 0.0269 0.9859 

TiO2-400 400 11% 23.2 0.0369 0.9960 

TiO2-500 500 11% 19.7 0.0423 0.9948 

TiO2-600 600 11% 25.6 0.0419 0.9953 

TiO2-800 800 11% 36.7 0.0374 0.9934 

 

 

process, which resulted in the bigger aggregates of 
TiO2 crystals [26]. 

When the calcination temperature was 
increased from 400ºC to 500ºC, the crystal size 
decreased from 23.2 nm to 19.7 nm. A possible 
reason could be that a high calcination temperature 
caused the loss of polycondensation modifiers of 
melamine from the N-TiO2. The results also showed 
that the crystal size of the N-TiO2 increased with 
the increase of calcination temperature from 500 ºC 
to 800 ºC, which was in good accordance with 
previous studies [28, 29]. It indicated that further 
increase of calcination temperature resulted in 
coalescence of catalyst particles. Increase in 
particle size could lead to smaller surface area, 
which may have negative impact on the 
photocatalytic activity due to reduced adsorption of 
irradiation photons and pollutant molecules [30]. 

 
 
UV-Vis DRS. UV-Vis DRS of different 

samples are displayed in Fig. 5. A red shift and 
increased absorbance in the visible range happened 
to all the N-TiO2 samples calcinated under 500 ºC. 
The absorption band increased with increasing of 
the urea content (Fig. 5a). This observation was 

consistent with the color change of the samples. 
The N doped samples exhibited a color gradation 
from snow-white for the unmodified sample to 
yellowish with increased urea dosage. The 
occurrences of the red shift for the samples in 
comparison with unmodified TiO2 could be 
attributed to the band-gap narrowing caused by the 
introduction of nitrogen from urea into the lattice of 
titania [31] and the photoadsorption by 
polycondensation products such as melamin or 
melon produced in a titania-catalyzed 
transformation of urea [19, 32]. 

The absorption band decreased with 
increasing calcination temperature (Fig. 5b). The 
result was possibly due to chemical reactions 
occurred with the N atom when the sample 
calcinations were conducted in an atmosphere of air 
as discussed in XPS analysis. A high absorption 
shoulder in the range of 400-450 nm was observed 
for melem/melon mixture [19]. The sharp decrease 
from TiO2-400 and TiO2-500 to TiO2-600 and 
TiO2-800 in the range of 400-450 nm indicated that 
the polytriazine sensitizers decreased. Increasing of 
the calcination temperature resulted in a decrease in 
light absorption in visible region, which would have 
limited the utilization of visible light in solar light.  
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FIGURE 5  
UV-Vis DRS of samples with different N contents calcinated at 500 ºC (a) and 11% N-TiO2 sample 

calcinated at different temperatures (b). 
 

Photocatalytic activity. Effects of 
preparation parameters. The photocatalytic 
activity of the samples was measured by the 
degradation of IBP under simulated solar irradiation. 
The degradation kinetics could be fitted into a 
pseudo-first-order kinetic law dC/dt = kC, where k 
is the pseudo-first-order rate constant. These rate 
constants were calculated and the results were also 
shown in Table 1.  

A significant influence of the urea loading on 
photocatalytic activity of N-TiO2 samples was 
observed. In N-TiO2 catalysts, the oxygen sites 
were partially replaced with nitrogen atoms, while 
TiO2 was simultaneously reduced. The changes 
could cause an increase in oxygen vacancy and 
amount of Ti3+ [33]. Therefore, the recombination 
of electrons and holes generated under visible light 
illumination could be suppressed by the defects on 
the titania surface or in the bulk. The higher dosage 
of urea, the more oxygen vacancy was produced, so 
the visible light activity would increase. However, 
excessive oxygen vacancy and Ti3+ would act as a 
recombination center for holes and electrons [34]. 
On the other hand, the higher dosage of urea, the 
more adsorption site of TiO2 surface occupied by 
the photosensitizers due to urea evolution, so the 
UV photocatalysis would decrease, although 
pollutants photodegradation may be enhanced by 
photosensitization. 

However, it is worth noting that the overall 
rate constants changed in accordance with the 
change of N-TiO2 crystal size. The results indicated 
that the effect of the urea loading on photocatalytic 
activity of N-TiO2 under solar or simulated solar 
irradiation depended on not only the surface state of 
the catalysts, but also the catalyst crystal size. And 

even crystal size had the foremost influence. The 
optimal urea doping at level was at 11% wt in the 
present work. 

The degradation rate constant of IBP increased 
with the calcination temperature increased from 400 
ºC to 500 ºC, which could be due to the crystal size 
change, i.e., the crystal size changed from 23.2 nm 
for 400 ºC to 19.7 nm for 500 ºC. The smaller the 
crystal size, the higher the photocatalytic activity, 
although the photoabsorbance of visible light 
decreased from 400 ºC to 500 ºC. The 
photocatalytic activity decreased gradually when 
the calcination temperature further increased up to 
800 ºC. Such an activity change could be explained 
by the combined effects of the catalyst crystal size, 
photoabsorbance change resulted from 
photosensitizers. The catalyst crystal size increased 
with the increase of calcination temperature, which 
impaired photocatalytic activity of N-modified TiO2 
under simulated solar irradiation as discussed above. 
Meanwhile, the decrease of light absorption in the 
visible region with the increase of calcination 
temperature enhanced the trend as well, although 
more active sites of TiO2 surface for UV 
photocatalysis would be probably released when 
more photosensitizers decomposed under higher 
temperature.  

 
Comparison with other photocatalysts. In 

general, previously studies mainly focused on 
visible light-driven N modified/doped photocatalyst 
preparation, and rarely discussed the photocatalytic 
activity induced by solar or simulated solar 
irradiation especially for the photodegradation of 
IBP. In order to evaluate the photocatalytic activity 
of N modified TiO2 prepared in this study, the 
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sample of 11% N-TiO2 calcinated at 500 ºC was 
chosen to compare with TiO2 P25 and Zr-doped 
titania photocatalyst under simulated solar 
irradiation. The details of reactor configuration and 
photocatalytic activities are described in Table 2. 
TiO2 P25 and Zr-doped titania were used in 
previous studies. All the parameters of these two 
previous studies, such as IBP initial concentration 
and type of simulated solar irradiation, were similar 
to those in our study, except for reaction volume 
and lamp power. However, the nominal power input 
were almost the same, i.e., the degradation of IBP 
took place in almost the same reactor. 

The results indicated that the removal ratio of 
IBP in our system after 60 min reaction was 92%, 
while those in previous systems were about 85% 
and 60%, respectively. The results indicated that the 
photocatalytic activity of 11% N-TiO2 calcinated at 
500 ºC was significantly higher than Zr-doped 
titania and TiO2 P25 reported in previous studies. It 
should also be emphasized that the N modified TiO2 
was coated on glass fiber, which does not need the 
extra separation process and therefore treatment 
costs could be future reduced. Furthermore, the 
morphology of N-modified TiO2 was similar and its 
photocatalytic activity remained consistently high 
after five rounds of reuse, indicating that 
N-modified TiO2 on glass fiber is a promising 
technique for wastewater treatment. 

CONCLUSIONS 

 
In this study, N-modified TiO2 photocatalysts 

immobilized on glass-fiber net were successfully 
prepared by a dip-coating sol-gel method. TiO2 
were combinedly modified by 
surface-polycondensation modifiers and N states 
existing in substitutional or interstitial N states. The 
urea loading and calcination temperature had 
significant impact on properties of the prepared 
catalysts, such as crystal size, visible light 
absorbance, and photocatalytic activity. Nitrogen 
inhibited the phase transition of TiO2 from anatase 
to rutile. A red shift and enhanced absorbance in the 
visible range were observed. The optimal doping 
dose and calcination temperature were 11 % wt and 
500 ºC, respectively. Significantly high removal 
efficiency of IBP was achieved with our newly 
fabricated N-modified TiO2 photocatalysts coated 
on glass fiber and the results suggest that 
N-modified TiO2 on glass fiber is a promising 
technique for wastewater treatment. Further studies 
on the removal of other contaminants with this 
techniques and detailed cost analysis should be 
conducted to evaluate the feasibility of using this 
technique for other contaminant removal in 
wastewater treatment. 

 

TABLE 2 
Photocatalytic activity comparison of N modified TiO2 with other photocatalysts under simulated solar 

irradiation 
 

 Photocatalytic reaction systems 

Catalyst type 11% N-TiO2supported on 

glass fiber 

TiO2 (P25), 

powder 

Zr-doped titania, powder 

Catalyst dosage (mg/L) 3 layer calaysts 40 40 

Solution volume (mL) 400 250 250 

Total power (W) 100 60 60 

Simulated solar irradiation Xenon short-arc lamp 

(Cnlight Co., Ltd, China) 

Solarium 

lamps 

(Philips) 

Solarium lamps (Philips) 

Initial IBP concentration 

(mg/L) 

10 10 10 

Nominal power input 

(W/mL) 

0.25 0.24 0.24 

Removal ratio of IBP after 

60 min reaction (%) 

92 85 60 

Reference This study [35] [36] 
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ABSTRACT 
 

Eight treatments were used  to evaluate the 
effects of sewage sludge and mineral fertilizer on 
grain yield and some grain yield componnets, plant 
nutrient contents and heavy metal concentrations in 
triticale grain (cv Mikham 2001). The study was 
conducted using a completely randomized design 
with 3 replicates in dry conditions in Van, in the 
East Anatolia region of Turkey in winter cereal 
cropping season of 2009-2010. Sewage sludge was 
added to the soil 6 different rates of 5, 10, 15, 20, 
25, 30 T ha-1 and a single dose of nitrogen and 
phosphorus fertilizers like as standard dose (80 kg 
N ha-1+69 kg P ha-1). Moreover, control plot was 
not added any mineral fertilizer or sewage sludge. 
According to study results, the highest sewage 
sludge rate resulted in 99 % higher grain yield 
compared to control. Moreover the highest sewage 
sludge rate were obtained 20 % more grain yield 
than mineral fertilizer. The obtained results show 
that the grain triticale took distinctly more 
macroelements under the influence of sewage 
sludge in comparison with the control. Additionally 
grain mineral concentrations such as N, P, Mg, Zn, 
Fe were significantly affected with  increasing of 
sewage sludge rates. In contrast, other nutrients (K, 
Mn, Al, Ni, Cu, Cd, Pb, Cr) was not affected 
significantly the increasing of sewage sludge rates. 
It is concluded that, 30 T ha-1 sewage sludge rate 
could be substitute for commercial fertilizer for 
having optimum plant growth of triticale in 
marginal lands. 
 
 
KEYWORDS: 
Triticale, plant nutrient, heavy metal, grain yields. 
 
 
INTRODUCTION 

 
Triticale (×Triticosecale), is a hybrid of wheat 

(Triticum) and rye (Secale). Triticale is used for 
different purposes, in particular for feed as grain. 
Triticale is used  both human and animal feedings; 

and  having higher yield over other cereals such as 
wheat and barley in marginal lands. Therefore in 
triticale breeding program is aimed to new tolerant 
varieties for marginal areas (acidic or alkali soils), 
micro mineral deficiencies (cooper, zinc or 
magnesium) or toxicity (boron) and drought in the 
world [1]. Moreover triticale is more efficient than 
other cereal species in the annual precipitation rate  
low and arid conditions without irrigation facilities, 
is a type of cereal to be an alternative to these 
regions [2]. 

Sewage sludge can be used to the increased 
the yield of triticale grown in marginal areas and 
due to low cost. Because of sewage sludge contains 
many macro and micro minerals and organic matter 
can substitute for commercial fertilizers and organic 
matter if applied in the right amounts to soil. 
Besides [3], reported that applying organic 
materials to crop soil not only generates a better 
nutritional state but furthermore increases soil 
aeration and the water holding capacity of the soil. 
In general, concentrations of essential elements in 
plants grown on sludge were similar to 
concentrations of  elements in plants grown with 
inorganic fertilizer. [4], demonsrated that the 
beneficial effects of using sludge in agriculture. It 
has been shown that sewage sludge application 
improves the physical, chemical, and biological 
properties of soil [5]. Nutrients contained in sludge 
increase plant biomass and yield [6].  

Main problems of an excessive application of 
sewage are plant toxicity due to accumulation of 
heavy metals in soils. However, the heavy metal 
content of sewage sludge might be very variable 
depending on its origin and processing applications. 
However, the heavy metal content of sewage sludge 
might be very variable depending on its origin and 
processing applications [7]. There might be an 
increase in the heavy metal content of sewage 
sludge with a heavy industry nearby the urban 
areas. [8]  reported that that sewage sludge applied 
to apple trees did not cause toxicity in the leaves. 
Even so, metals in sewage sludge are generally 
organically bound and therefore less available for 
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plant uptake than the more mobile metal salt 
impurities found in commercial fertilizers [9, 10] 

The objective of this study, due to soils in our 
region are fairly low in organic matter content 
(generally about 1%) and the soil has medium 
phosphorus, low nitrogen and low alkaline; this 
study was planned and executed to examine 
different application rates of sewage sludge and the 
effects on triticale grain yield and plant nutrient 
contents in grain. 
 

 
MATERIALS AND METHODS 

 
Materials. The study was conducted  as a 

field experiment on a research area at located in the 
Eastern Anatolia region of Turkey (38o- o  

Mikham-2001 was used as a plant material. 
Triticale was selected as the test plant because of 
the current concern for environmental tolerance 
according to other cereals, moreover it has higher 
yields in poor soil conditions. 

 
Methods. Sewage sludge were applied to 

triticale to supply organic matter, macronutrients 
and micronutrients. Field experiments were 
conducted in 2009-2010 in winter growing seasons. 
The experimental  design was a randomized 
complete block with three replications with a total 
number of 24 plots. Area of each plot was 6 m2 (1. 
20 m X 5 m each one). The plots were ploughed 
one year ago in spring season. Second ploughing 
was done in opposite directions before planting on 
early September. Sewage sludge was added to the 
soil 6 different rates of  5, 10, 15, 20, 25, 30 T ha-1. 
And an other treatment was applied as a single dose 
of nitrogen and phosphorus fertilizers (80 kg N ha-1 
+69 kg P ha-1) that was standart dose for triticale. 
Control plot was not applied any sewage and 
mineral fertilizer.  Sewage sludge was applied with 
a hand and mixed into the top 1-5 cm of soil. 
Sewage sludge applications were completed before 
30 day seeding time. Mineral fertilizer plots were 
fertilized at seeding time with 150 kg DAP (Di-
Ammonium Phosphate) ha-1 (N 18%-P 46%), and 
250 kg AS (Ammonium Sulphate) ha-1 (N 21%) 
was applied as a top dressing before ear emergence.  
Triticale was sown on October 20, 2009. Seeds 
were hand-drilled at depths of 5 cm (4-5 cm) and 
spaced approximately 1 cm apart along each row at 
a rate of 100 seeds per meter. The distance between 
each row was 20 cm (500 seeds m-2). Each plot was 
sown 2 meters away each other due to limit the 
mixing of  treatments. All plots were weeded twice 
by hand during triticale growing season. No 
irrigation was provided at any time. No insects, 
pests, or disease infestations were observed.  

 

Plant Measurements. Triticale plots were 
harvested in the beginning of July, 2010. Plant 
height was measured as the height of the tallest 
culm of approximately 15 plants from the soil 
surface to the tip of the spike, awns excluded. 
Fertile spike density was measured by hand cutting 
the above-ground portion of plants from the center 
of the middle row in each plot just prior to harvest 
and determining the number of fertile spikes per 
meter. The sample unit consisted of 15 plants 
harvested from three randomly selected samples 
from the two middle rows of each plot, at grain 
maturity. Harvested plants were then stored in a 
low-humidity room for seven days. Kernels were 
threshed by hand, and kernels spike-1 and kernel 
weight spike-1 were calculated based on spike. 
Grain yield (T ha-1) was determined by harvesting 
grain in a paper bag, and weighing it on a digital 
scale accurate to 0.1 g. 1000 grain weight 
determination, 1000 grains randomly selected 
samples from the harvested grain from plots were 
counted and weighed on a digital scale accurate to 
0.1 g. 

 
Soil, Sewage Sludge and Plant Nutrient 

Status of Harvested Grain Descriptions  
For the analysis of grain the nutrients and 

heavy metals were dissolved in 3 N HCl after the 
organic matter had been ashed in a furnace at 500 
0C. The N content of plant samples was determined 
by the Kjeldahl method [11]. Phosphorus was 
measured by spectrophotometer. K, Mg, Fe, Mn, 
Cd, Cr, Ni, Cu, Pb and Zn contents were 
determined using flame atomic absorbtion 
spectrophotometry.  

Dried sewage biosolid was obtained from the 

Unit. Sewage sludge samples were air dried. 
Organic matter in sewage sludge was measured by 
the dry combustion method [12]. Sludge NH4 _ N 
was determined by extraction in 2 M KCl [13]. 
Total P in sludge was measured 
spectrophotometrically. Total metals in sludge were 
determined using flame atomic absorbtion 
spectrophotometry following extraction by nitric-
hydrochloric acid digestion [14]. The sewage 
sludge has high organic matter, low pH and rich all 
macro and micronutrients (Table 1).  

The Experimental soil analysis has been 
described in detail by [11]. Soil structure analysed 
as [15]; soil pH was described as [16] total organic 
matter as [17], phosphorus was determined as [18], 
the N content of seed samples digested in 
concentrate sulfuric acid was determined by the 
Kjeldahl method, total metal as [14]. The soil 
samples were taken from the surface horizon of 
experiment area. The physical and chemical 
characteristics of the sewage sludge and soil are 
shown in Table 1. The soil has sandy-clay loam 
texture and low organic matter and nitrogen, rich  



© by PSP  Volume 25  No.11/2016, pages 4848-4855  Fresenius Environmental Bulletin  

4850

TABLE 1 
Mean analytical characteristics of soil, sewage sludge in the experiment (dry weight basis). 

 
Properties 0-20 cm 20-40 cm Sewage sludge
Texture Clayey-loam Clayey-loam Organic material

CaCO3 (%) 4.7 4.9 5.8
pH 8.20 8.19 6.55

EC mS cm-1 2.76 2.66 3.42
Org. Mad (%) 0.98 0.81 45.5

P (ppm) 6.79 5.51 2120.5
N (%) 0.069 0.057 1.30

K (ppm) 214 229 2589.3
Ca (ppm) 1459 1871 9856.3
Mg (ppm) 149 181 4985.6
Cu (ppm) 1.00 1.15 10.9
Zn (ppm) 0.60 0.60 250.5
Fe (ppm) 6.93 7.52 15.7
Mn (ppm) 26.8 28.1 68.5
Ni (ppm) 0.329 0.444 75.5
Cd (ppm) 0.056 0.056 0.355
Pb (ppm) 0.601 0.576 0.895
Cr (ppm) 0.20 0.22 95.2

 

 
 

FIGURE 1 
Rainfall datas of Van province in 2009-2010  years and long term Months (LTM) 

 
potassium and lime content medium phosphorus 
and is low alkaline. 

 
Climatic Descriptions. The rainfall data of 

the region are represented in Figure 1. Temperate 
climatic condition is ruled in the region. During the 
course of experiment, from October to July in 
2009-2010 years, rainfall was high during the 
autumn and winter months, which is important for 
recharging soil water. Amount of the rainfall was 
quite different over long term period. 

Statistical Analysis: The data were statistically 
analyzed by MSTATc and comparative analyses of 
the means were performed by LSD Test using the 
MSTATc Programme. 

 
 
 
 

RESULTS 
 
Grain Yield and Some Grain Yield 

Components. In the current study, the sewage 
sludge effects on some plant growth parameters 
were investigated. Table 2. shows the effects of  
sewage sludge rates and mineral fertilizer 
separately on number of fertile spike per square 
meter, spike height (cm), number of kernel per 
spike, kernel weight per spike, grain yield (T ha-1), 
1000 seed weight (g). Sewage sludge significantly 
increased spike height (cm), number of kernel per 
spike, kernel weight per spike, grain yield (T ha-1), 
1000 seed weight (g) in comparison to control and 
mineral fertilizer treated triticale. The most 
significant increases in number of fertile spike were 
obtained from the highest sewage sludge rate (30 T 
ha-1)  with 337.7 number of fertile spike. The 
control dose added any minerals have the lowest 
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number of fertile spike. Each added dose of sewage 
sludge has led to a significant increase in number of 
fertile spike. Even, 10 ton ha-1 of sewage sludge 
treatment has been as effective as standard mineral 
fertilizer application on number of fertile spike. 
Moreover similar effects of sewage sludge were 
obtained on spike height (cm). The most significant 
increases were obtained with the highest application 
of sewage sludge doses (20 T ha-1 and 30 T ha-1). 
Moreover, sewage sludge of 15 T ha-1 dose can be 
replaced a single dose of mineral fertilizer (80 kg N 
ha-1 +69 kg P ha-1). Number of kernel per spike 
and  kernel weight per spike were affected 
significantly with increasing sewage sludge rates. 
The most increases in number of kernel per spike 
and  kernel weight per spike were obtained with the 
highest sewage sludge rates (25 T ha-1 and 30 T ha-

1). It was found  that application of sewage sludge 
appeared to be more beneficial for the yield 
components and grain yield of triticale than mineral 
fertilization. With different sewage sludge rates and 
standart dose of chemical fertilizers of this study on 
grain yield of winter sown triticale were 
significantly different (p<0.01) (Table 2). Grain 
yields were found between 1.74 and 3.49 T ha-1 
according to application affects. The best effects of 
sewage sludge were obtained on grain yield (3.49 T 
ha-1 ) from the 30 T ha-1 sewage sludge rate. The 
lowest grain yield was determined from the control 
treatment as 1.74 T ha-1. In this study, standart dose 
of nitrogen and phosphorus fertilizer for triticale 
gave lower grain yield (3.13 T ha-1) compared to 
the highest sewage sludge. Moreover 15 T ha-1 
sewage sludge dose can be used to instead of  a 
single dose of nitrogen and phosphorus fertilizers. 
The highest sewage sludge rate resulted in 99 % 
higher grain yield compared to control. Moreover 
the highest sewage sludge rate were obtained 20 % 
more grain yield than of standart dose of mineral 
fertilizer. Sewage sludge added plots have higher 
number of fertile spike per square meter, this may 
be, sewage sludge improved soil conditions like as 
soil water capacity.  Commonly, marginal lands  
due to having less organic material in soil has low 
nitrogen and low water holding capacity. Adequate 
amount of sewage sludge added to soil reduced the 
soil evaporation and helped to keep soil more moist 
due to its high organic matter content. Sewage 
sludge application development features of the soil 
has increased the number of spike per square 
meters. In this case, grain yield is due to a strong 
correlation between the spike in the number of 
square meters [19]. Therefore the increase in the 
number of fertile spikes per square meter increased 
grain yield. Additionally sewage sludge application 
on triticale was more favorable on grain yield and 
yield componets. Many current researches  were 
demontsrated  on the effects of sewage sludge on 
the grain yield. These researches were showed that 
sewage sludge improved the plant growth and soil 

characteristics due to the its high organic matter and 
adequate macro minerals contents. [7,20]. 
Especially [21], reported that sewage sludge was 
quite enough for optimum plant growth of sorghum. 
Another study, sewage sludge were found that have 
a significant effect on all wheat yield components. 
And it was reported that 20 T ha-1 of sewage sludge 
application could be recommended the suitable 
dose for the wheat [22]. [23], also reported highest 
increase in the grain yield of wheat and total dry 
matter yield treated with sewage sludge. Sewage 
sludge significant positive effects on yield 
components and grain yield were obtained.  

 
Protein Ratio. The protein content in grain 

dry matter varied between 12.08 and 13.95 % 
(Table 3). Statistical analysis of data confirmed that 
the protein content was significantly affected by the 
treatments. The highest content (13.95 %) was 
assessed in 15 T ha-1 sewage sludge rate. The 
subsequent doses of sewage sludge rates yielded 
similar results in protein ratio. The lowest protein 
content (12.08 %) was found in the control plots.  
Sewage sludge affected positively grain protein 
content due to sewage sludge rich in nitrogen 
mineral. It can be observed that the contents of total 
nitrogen in the soil increased when the sewage 
sludge added, the largest values of total nitrogen 
being recorded when the sludges was applied than 
the mineral fertilizer. Grain protein ratio was 
obtained with 13.33 % from inorganic nitrogen 
fertilizer aplication. This results show that sewage 
sludge application was more effective than nitrogen 
fertilizer on protein ratio. 

 
Nutrient and heavy metal contents. The 

effects of sludge rates and a single dose of N- P 
fertilizer levels on N, P, K, Mg, Mn and Zn 
contents of grain are shown in Table 3. The 
application sewage sludge resulted in the largest 
increase of nitrogen contents in grain. The sewage 
sludge added soils particularly those to which high 
doses of sludge (30 t ha-1) had been applied showed 
a higher nitrogen content in comparison to control. 
[21], reported that N uptake increased from with the 
highest biosolid application rate. And same 
researchers point out that Sludge application 
increased N uptake than inorganic fertilizer. [24], 
reported that plant N uptake increased with sewage 
sludge application and N fertilization. The results 
when evaluated for phosphorus content, grain 
phosphorus was affected significantly more with a 
single dose of phosphorus in comparison to all 
sewage sludge rates and control. In other words the 
highest grain P concentration was obtained with 
added to soil  P mineral  fertilizer. Additionally, 
sewage sludge effects were highly significant on P 
concentration in comparison to control dose. [25], 
reported that N and P  contents in fruits of tomato 
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TABLE 2 
Effects of Different Doses of Sewage Sludge and Chemical Fertilizer on Number of Fertile Spike per m-2, 

Spike Height (cm), Number of Kernel Per Spike, Kernel Weight Per Spike, Grain Yield (T ha-1), 
Thousand Seed Weight (g). 

 

Treatments 
Number of fertile 

spike per m-2 
Spike Height 

(cm) 

Number of 
Kernel per 

Spike  

Kernel Weight 
Per Spike 

Grain Yield 
(T/ha) 

1000 seed 
weight 

(g) 
Control 250.0 f 6.1 e 20,6 d 0,65 e 1,74 f 30,3 b 

Inorganic Fertilizer (N 
and P) 

279.7 e  8.5 bc 31,6 a 1,05 bc 3,13 cd 34,0 a 

Sewage 
sludge 

5 T/ha 265.0 e 6.8 d 28,3 c 0,86 d 2,35 e 30,1 b 
10 T/ha 285.0 d 8.1 c 28,6 bc 0,97 cd 2,92 d 31,6 b  
15 T/ha 299.7 c 8.8 ab 30,6ab 1,12 ab 3,20 bc 35,0 a 
20 T/ha 313.3 b 9.3 a 30,6 ab 1,18 ab 3,38 ab 35,0 a 
25 T/ha 318.3 b 8.8 ab 31,6 a 1,20 a 3,43 ab 35,3 a 
30 T/ha 337.7 a 8.8 ab 31,6 a 1,21 a 3,49 a 35,6 a 

LSD (P<0.05) 11.82 0.593 2.163 0.135 0.235 1.817 
F values 59.72** 32.09 ** 27.10** 18.84 ** 62.37** 14.84** 

* P < 0.05; ** P < 0.01; ns: not significant; different letters indicate means significantly different (Least 
Significant Difference test) 
 
plant were increased by the increasing applications 
of sewage sludge rates. 

Concentrations of the studied macronutrients 
K and Mn showed no differences between sewage 
sludge and a single dose of standart fertilizer (N, P) 
in triticale. Moreover, all sewage sludge rates and a 
standart dose of mineral fertilizer gave similar 
results. Additionally, grain K and Mn contents were 
not higher in sludge and in mineral fertilized plots 
in comparison to control plot. This may be 
attributed to adequate K and Mn contents of the 
experimental soil for optimum plant growth. 
Similar result was pointed out by [6] and they 
found that sewage sludge application did not affect 
K levels of plant tissue. 

Zinc, magnessium and iron contents were 
investigated in this study, and concentrations of 
these nutrients were significantly effected with the 
increasing of sewage sludge rates. The highest rates 
of sewage sludge was more effective rate on 
concentrations of these nutrients. Although, the 
standard mineral fertilizer application more 
efficient than the control, but  similar results were 
obtained between sewage sludge treatment and 
mineral fertilizer application (Table 3, 4). Similar 
results were found by many researchers. [7], point 
out that the increasing of the Zn concentration of 
maize was also observed with increasing sewage 
sludge rates. The increase of Zn in plant tissue 
might be due to its mobility and bioavailability [26]. 
[25], reported that Mg in fruits of tomato plant were 
increased by the increasing applications of sewage 
sludge rates. 

Grain Aluminum (Al), cadmium (Cd), 
chromium (Cr), nickel (Ni), lead (Pb), copper (Cu) 
contents were unaffeted by using sewage sludge 
and mineral fertilizer (Table 4). The results of 
aluminum (Al) concentration in grain were similar 

with all sludge rates and control. Moreover it 
changed  between 14.9 and 54.9 ppm 
insignificantly. The effects of  sewage sludge and 
mineral fertilizer on aluminum concentration was 
higher than control. Even though these differences 
were not significant.  Cadmium (Cd) concentration 
in grain changed between 0.505 and 0.547 ppm. 
Concentrations of this nutrient was unsignificantly 
effected with the increasing of sewage sludge rates 
and mineral fertilizer.   The highest grain chromium 
content (1.67 ppm) was obtained with mineral 
fertilizer. However, there was no significant 
difference between sludge treated plots and 
inorganic N and P treated plots on chromium 
concenration. Nickel (Ni) concenration was 
investigated in this research, and there was no 
significantly differences in nickel concentration 
with the using of sewega sludge and inorganic N-P 
fertilizer compare to control. Lead (Pb) and copper 
(Cu) contents were increased by sewage sludge 
application compared to control and nitrogen and 
phosphorus fertilizers, but there was no 
significantly differences in Lead (Pb) and copper 
(Cu) concentrations of grain. 

In the present study, results revealed that 
nutrient contents increased in dry matter, especially 
Zn and Fe with increasing sludge application rate, 
but grain heavy metal contents were unaffected. 
[27], reported that application of sewage sludge or 
compost did not increase heavy metal 
concentrations in corn grain with respect to 
inorganic fertilizer. These trace metals, which are 
difficult to remove, are the most significant restraint 
relative to land application of sludges and can often 
negate the benefits of land application. Even so, 
metals in sewage sludge are generally organically 
bound and therefore less available for plant uptake  
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TABLE 3 
Effects of Different Doses of Sewage Sludge and Chemical Fertilizer on grain Protein Ratio (%) and Grain 

Mineral Concentration such as Nitrogen (%) Phosphorus (ppm), Potassium (ppm), Magnesium (ppm), 
Manganese (ppm), Zinc (ppm) 

 
Seed 

Protein 
Ratio 
(%)

12.08 c
13.33 ab

Sewage 
sludge

12.70 bc
13.33 ab
13.95a
13.74 a
13.75 a
13.74 a

LSD (P<0.05) 0.936 0.135 0.702 ns 0.060 ns 2.566
F values 4.310* 5.40 ** 4.24** ns 4.576** ns 6.058**

* P < 0.05; ** P < 0.01; ns: not significant; different letters indicate means significantly different (Least 
Significant Difference test) 
 

TABLE 4  
Effects of Different Doses of Sewage Sludge and Chemical Fertilizer on Grain Mineral Concentration such 
as Iron (ppm), Aluminum (ppm), Cadmium(ppm), Chromium(ppm), Nickel (ppm), Lead (ppm), Copper 

(ppm). 
 

Treatments Iron Aluminum Cadmium Chromium Nickel Lead Copper 
Control 59.1 d 14.9 0.505 0.90 1.29 0.146 8.15 

Inorganic Fertilizer  
(N P) 

77.6 ab 57.4 0.547 1.67 2.26 0.045 8.18 

Sewage 
sludge 

5 T/ha 72.7 bc 21.3 0.538 1.09 1.66 0.205 8,44 
10 T/ha 64.7 cd 17.7 0.526 1.32 1.62 0.061 8,21 
15 T/ha 71.8 bc 20.3 0.532 1.08 1.59 0.189 8,63 
20 T/ha 76.9 abc 21.2 0.518 1.02 1.50 0.129 8,81 
25 T/ha 86.2 a 28.9 0.544 1.30 1.58 0.110 8,52 
30 T/ha 84.1 ab 21.5 0.520 1.26 1.65 0.493 8,57 

LSD (P<0.05) 12.480 ns ns ns ns ns ns 
F values 4.949** ns ns ns ns ns ns 

* P < 0.05; ** P < 0.01; ns: not significant; different letters indicate means significantly different (Least 
Significant Difference test) 

 
 

than the more mobile metal salt impurities found in 
commercial fertilizers [9,10,21]. 
 
 
DISCUSSION AND CONCLUSIONS 
 

It is concluded that 30 t ha-1 rate that the 
highest dose of this study resulted in 99 % higher 
grain yield in comparison to control. Moreover the 
highest sewage sludge rate were obtained 20 % 
more grain yield than mineral fertilizer. Therefore, 
30 T ha-1 sewage sludge rate could be substitute for 
commercial fertilizer for having optimum plant 
growth in triticale. It is recommended that sewage 

sludge may be used as N, P Mg, Zn, Fe sources. 
Marginal lands like a low input soils can be 
reorganized with using sewage sludge. The using of 
sewage sludge are a risk for heavy metal 
contamination in soil, therefore short term uses may 
be recommended. 
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ABSTRACT 

 
Mint, thyme and lavender of Lamiaceae 

family were chosen as experimental materials. The 
aim of study was to investigate the antifungal 
effects of 3 medicinal plants extracts and essential 
oils obtained by water stem distillation method, 
against two pathotypes (defoliating-D and 
nondefoliating-ND) of Verticillum dahliae Kleb. 
The inhibition of the fungus mycelium growth was 
evaluated under in vitro conditions at the doses of 
plant extract in 1 %, 3 %, 5 %, 7 % and 10 % and 
essential oils in 2, 4, 8, 16 and 32μl mL-1. 
Experiment was set up at randomized plot design 
with 3 replications. After the end of 7 days 
incubation period, colony diameters were measured 
and % inhibition zone ratios were calculated 
compared to the controls. The reduction effects of 
mint, thyme and lavender essential oils were greater 
than the extracts of the same plants. Mint, thyme 
and lavender extracts reduced the mycelium growth 
of D and ND in varying degrees, however; the 
highest antifungal effect was observed at 10 % dose 
of thyme extract. 8, 16 and 32 μl mL-1 doses of 
thyme essential oil inhibited 100 % the mycelium 
growth of both pathotype and showed a significant 
fungicidal effect on them. Antifungal effect of mint 
essential oil was found to near the thyme essential 
oil depending on the pathotype and the applied 
dose.  

 
 

KEYWORDS: 
plant extract, essential oil, fungicidal, fungistatic, 
verticillium wilt, cotton. 
 
 
INTRODUCTION 

 
Except cotton fiber, cottonseed oil with the 

ratio of 17-24 % seed oil, after the oil and the 
remaining pulp contributes to animal nutrition [1]. 
Approximately 34 million ha area in the world, 
about 90-100 million tons of seed cotton production 
and 26 million tons of fiber cotton production is 
obtained [2]. In Turkey, about 468.000 ha of cotton 

was grown and 846.000 tons lint yield was 
produced in the four main regions Southeastern 
Anatolia, Aegean, Çu
share in world cotton production is approximately 3 
% and is ranked seventh  [3]. 

V. dahliae Kleb. all common in the world, 
many tree species and cut flowers, horticulture and 
field crops to more than 160 plant species, the host 
range including vascular wilt is an important soil 
that can cause pathogen [4]. Pathogen spend the 
winter on the soil and crop residues into 
microsclerot and it can maintain viability in the soil 
for up to 14 years [5]. The disease began early or 
late sowing has been made, the length of the 
infected plants remain short, the number of boll is 
decreased and remains small. The stem of this type 
of plant is cut cross section, it draws attention to the 
return beam dark and brown of the vascular 
bundles. When the diseased tissue into the soil 
consists of new resistant part. Because of a 
pathogen has been resistant part, control is also 
very difficult [6]. Non-economical chemical control 
of Verticillium wilt, the effects of the disease can 
be reduced with the use of resistant varieties and 
cultural measures to a certain extent [7, 8]. 
However, the resistant varieties are not permanent 
pathogen resistance, decreased during every 
production continues and can become completely 
resistant varieties susceptible to factors in the 
coming years. Therefore, there is a need to develop 
new strategies in the control of disease. Increased 
awareness of environmental degradation and 
natural balance, researchers, alternatives to 
chemicals that may have been forced to find nature 
and environment friendly materials and methods. 
One of the alternative methods of control with 
disease can decompose too is the use of ecological 
natural plant products. These products are 
biologically effective, broad spectrum, economical 
and safe [9]. Food, medicine and spices used in 
many fields such as cosmetics and essential oils, 
antimicrobial effects in terms of it is used in the 
control against the major pathogenic fungi in plants 
and in food industry [10, 11, 12, 13, 14, 15]. 
Essential oils are known to inhibit 60 % fungi and 
30 % bacterial growth [16]. B  et al. [17], 
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reported that also mint, basil and thyme have 
antimicrobial effect against plant pathogenic fungi 
and bacteria due to the volatile properties of 
essential oils of those. Although there are many 
studies against the disease in order to determine the 
effects of essential oils, still some subjects are more 
fully disclosed [18]. Soylu et al. [19], determined 
that essential oil obtained from the speedwell 
prevent to sporulation and growth fungi commonly 
found such as Botrytis cinerea, Phytophthora 
infestans, Sclerotinia sclerotiorum and V. dahliae 
and have high fungicidal effect. Sokovic and Van 
Griensven [20], found that when the researchers 
tested 10 different essential oils against V. 
fungicola, only essential oil of vetiver, peppermint 
and thyme show high effect at the doses of 1, 2 and 

ml-1, respectively in vitro. López-Escudero et 
al. [21], reported that reducing V. dahliae's 
population of the L. stoechas. Arslan and Dervis 
[22], obtained essential oils from different plants 
effects of antifungal against vegetative 
compatibility group of V. dahliae, reported that 
even in low concentrations, essential oils of some 
species are effective a natural fungicide against V. 
dahliae, but making more long-term evaluation in 
the field conditions. In other studies conducted, 
determined that plant extracts derived from 
medicinal plants have been inhibitory effects of 
many fungi on spore germination and mycelial 
growth [23, 24]. In Turkey, plant species with high 
content of essential oil and such as mint, thyme and 
lavender in the Lamiaceae family is center of the 
plant species genes [25]. Found in nature, essential 
oils and extracts of mint, thyme and lavender were 
known to be a good antimicrobial effect. However, 
there are no adequate studies on medicinal plants 
antifungal effect against V. dahliae. Keeping all 
these points in consideration, an attempt was aim in 
the present work to determine the antifungal 
activities of different doses of extracts and essential  

oils of mint, thyme and lavender plants against D 
and ND pathotypes of V. dahliae in vitro. 
 
 
MATERIAL AND METHODS 

 
Plant materials and test microorganism. 

Plant extracts and essential oils of Mint, Thyme and 
Lavender were obtained from private company by 
using water stem distillation method (Table 1). 
Plant extracts and essential oils for use in the study 
were stored in a refrigerator at 5°C in the dark and 
tightly closed bottle.  Isolates of V. dahliae (CotVd 
67-ND; CotVd 110-D) with high virulence were 
obtained from the fungal collection of Mustafa 
Kemal University. The isolates were maintained on 
potato dextrose agar (PDA) and were stored in a 
refrigerator at 4oC. 

 
Antifungal assays. The antifungal activities 

of plant extracts and essential oils were carried out 
for assessing its effects towards mycelial growth of 
V. dahliae as described previously [26]. After 
sterilization of PDA, plant extracts and essential 
oils (Table 2) were added at different concentration 
into 20 mL PDA and poured in petri plates (12 cm 
diameter). Fungal mycelial-disks (5 mm diameter) 
prepared from growing margin of CotVd 67 and 
CotVd 110 were placed in the center of plates. 
Control plates contained only pathogen isolates. 
The plates were sealed with parafilm to prevent loss 
of extract and essential oil vapors and incubated at 
24oC of CotVd 67 and at 27oC of CotVd 110, 
separately. The mean radial mycelial growth of the 
pathogen was determined by measuring the 
diameter of the colony in 2 directions at right 
angels when the plate of the control plate was 
covered by fungus 7 days after inoculation.  

TABLE 1 
Scientific name, common name, and family of plant species used in this study. 

Scientific name  Common name  Family  
Mentha piperita L. Mint  Lamiaceae 
Thymus vulgaris L. Thyme Lamiaceae 
Lavandula angustufolia Mill. Lavender Lamiaceae 

 
TABLE 2 

Treatment of plant extracts and essential oils against V. dahliae. 
 Application Concentration (%) 

Plant Extracts 
Mint (Mentha piperita L.) 
Thyme (Thymus vulgaris L.) 
Lavender (Lavandula angustufolia Mill.) 

1 
3 
5 
7 

10 

 Application Concentration (μl mL-1) 

Essential oils 
Mint (Mentha piperita L.) 
Thyme (Thymus vulgaris L.) 
Lavender (Lavandula angustufolia Mill.) 

2 
4 
8 

16 
32 
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All experiments were conducted twice in a
completely randomized plot design with 3 
replications. The mean growth values were 
obtained and then converted in to the inhibition 
percentage of mycelial growth (MGI) in relation to 
the control treatment by using the formula [27].                                         

MGI (%) = [(dc-dt)/dc] x 100                                                     
Where dc = average diameter of fungal colony 

in control, and dt= average diameter of fungal 
colony in treatment group. 

The fungistatic-fungicidal nature of plant 
extracts and essential oils were tested by observing 
revival of growth of the inhibited mycelial disc 
following its transfer to non-treated PDA. Activity 
of the extracts and oils were considered fungicidal 
if the pathogen did not grow or fungistatic if the 
pathogen growth occurred [28].  

 
Statistical analysis. All statistical analyses 

were carried out using JMP IN statistic program 
(SAS Enstitüsü, Cary, NC, 5.0 PC). Where 
necessary, arcsine transformation was performed on 
data before statistical analysis. Analysis of variance 
(ANOVA) was performed by ANOVA procedures. 
Significant differences between means were 

 
 

 
RESULTS  

 
The effects of the tested plant extracts and 

essential oils on mycelium growth as percentage 
mycelium growth inhibition of D and ND are 
shown in Table 3 and Table 4. Different three doses 
(5 %, 7 % and 10 %) of mint, lavender, thyme 
extract have been inhibited by a statistically 
compared with the control the mycelium growth of 
lavender extract compared with the other extracts, 
showed antifungal activity as well as the low level 
CotVd 110 and CotVd 67. The high dose of against 
both CotVd 110 (23.9 %) and CotVd 67 (24.5 %) 
isolates and dose level decreases was observed that 
reduced the antifungal effect. While the high dose 
of mint extract showed a rate effect in CotVd 110 
(30.2 %) and in CotVd 67 (26.9 %) isolates, the 
dose of 1 and 3 % of mint extract was statistically 
controlled in the same group with respect to both 
pathotypes. While the high dose of thyme extract 
compared to the other extract, showed the highest 
impact both CotVd 110 (43.9 %) and CotVd 67 
(48.4 %) isolates and the dose of 1 and 3 % of 
thyme extract was statistically controlled in the 
same group with respect to both pathotypes (Table 
3).  

 
TABLE 3 

Effects of plant extracts on mycelial growth of V. dahliae. 
 

Medicinal 
plants  

Concentration  
(%) 

CotVd 110 isolate CotVd 67 isolate 
Colony diameter (mm)1 % Effect  Colony diameter (mm)1  % Effect 

Mint 

1            15.3 a*   2.7   15.2 a*   5.0 
3            14.9 a   5.3 15.0 a    6.2 
5            12.3 b 21.7 12.8 b 20.0 
7            11.8 bc 24.9 12.3 b 23.1 

10            11.0 c 30.2 11.7 b 26.9 
Control            15.7 a   0.0 16.0 a   0.0 

Thyme 

1            15.2 a   1.9 15.0 a   3.2 
3            15.1 a   2.6 14.9 a   3.9 
5              9.2 b 40.6   9.6 b 38.1 
7              9.2 b 40.6   9.4 b 39.4 

10              8.7 b 43.9   8.0 c 48.4 
Control            15.5 a   0.0 15.5 a   0.0 

Lavender 

1            15.7 ab   1.2 15.3 a   1.3 
3            15.3 b   3.8 14.8 a   4.5 
5            13.8 c 13.2 13.5 b 12.9 
7            12.8 d 19.5 13.5 b 12.9 

10            12.1 e 23.9 11.7 c 24.5 
Control            15.9 a   0.0 15.5 a   0.0 

1 The mean radial mycelial growth of V. dahliae was determined at seven days after inoculation. Each 
observation is based on 3 replicate plates. Arcsine transformation was performed prior to statistical analysis. 
* Mean values followed by different letters within the column are significantly different according to Duncan 
Test (P 0.05). 
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TABLE 4 
Volatile effects of plant essential oils on mycelial growth of V. dahliae. 

 
Medicinal 

plants  
Concentration  

(μl mL-1) 
CotVd 110 isolate CotVd 67 isolate 

Colony diameter (mm)1 % Effect  Colony diameter (mm)1  % Effect 

Mint 

2               8.2 b* 49.4      7.9 b*   49.4 
4               5.7 c 64.8    6.0 c   61.5 
8               2.3 d 85.9    1.7 d   89.1 

16               0.0 e   100.0+    0.0 e 100.0+ 
32               0.0 e   100.0+    0.0 e 100.0+ 

Control             16.2 a   0.0                15.6 a     0.0 

Thyme 

2               6.9 b 54.6    6.7 b   55.9 
4               2.6 c 82.9   2.4 c   84.2 
8               0.0 d   100.0+   0.0 d 100.0+ 

16               0.0 d   100.0+   0.0 d 100.0+ 
32               0.0 d   100.0+   0.0 d 100.0+ 

Control             15.2 a       0.0                15.2 a    0.0 

Lavender 

2               8.7 b     45.3    8.2 b   48.7 
4               5.2 c     67.3    5.2 c   67.5 
8               3.0 d     81.1    3.2 d   80.0 

16               1.0 e     93.7   1.7 e   89.4 
32               0.0 e  100.0++   0.0 f   100.0++ 

Control             15.9 a      0.0                16.0 a    0.0 
1 The mean radial mycelial growth of V. dahliae was determined at 7 days after inoculation. Each observation is 
based on 3 replicate plates. Arcsine transformation was performed prior to statistical analysis. 
*Mean values followed by different letters within the column are significantly different according to Duncan 
Test (P 0.05); + and ++ symbols indicate that antifungal effects at shown concentrations are fungicidal and 
fungistatic respectively. 
 
Differences between mint, thyme and lavender 
essential oils were s
probability level for inhibitory effect on mycelial 
growth of CotVd 110 and CotVd 67 isolates. The 
doses of 16 and 32 μl mL-1of mint essential oil were 
seen antifungal effect 100 % against both 
pathotypes and this effect was found to be 
fungicidal, minimal impact on the first dose was 
detected as 49.4 %. The doses of 8-16-32 μl mL-1 of 
thyme essential oil showed high level antifungal 
effect against both pathotypes and this effect was 
found to be fungicidal. Only dose of 32 μl mL-1of 
lavender essential oil inhibited 100 % mycelium 
growth of both pathotype and this effect was found 
to be fungistatic, also the lower dose levels has 
been determined that the reduced effective against 
both pathotypes. While the doses of 16 and 32 μl 
mL-1of mint essential oil showed fungicidal activity 
against both pathotypes, the dose of 32 μl mL-1of 
lavender essential oil showed fungistatic activity 
against both pathotypes (Table 4). 
 
 
DISCUSSION 

 
In a study, mint, thyme, lavender extracts 

compared to control application showed different 
levels inhibitory effects against to D and ND 
pathotypes. The highest antifungal effect of colony 
growth of both pathotype was found in the 10 % 

concentration value of thyme extract (Table 3). Our 
results showed parallels with results from the other 
studies conducted on the subject. In the studies 
carried out with different doses of extracts of 
thyme, reported that depending on the dose increase 
which were obtained a higher effect against fungi 
[29, 30, 31]. Jawdah et al. [32], in vitro studies 
carried out in order to determine antifungal activity 
against 8 phytopathogenic fungi of the methanol 
extract of 9 wild plant species, wild marjoram 
extract showed the highest activity, complete 
inhibited of mycelial growth of 6 of 8 fungi, also 
complete inhibited of spore germination of the 6 
fungi (B.cinerea, Alternaria solani, Penicillium sp., 
Cladosporium sp., Fusarium oxysporum f. sp. 
melonis and V. dahliae) in the assay, the other plant 
extracts showed differential activities in the spore 
germination test, and but none was highly activity 
against mycelial growth. Khalil and Dababneh [33], 
investigated the effect of the rhizosphere of 4 plant 
extracts against important soil pathogen 
Rhizoctonia solani, F. oxysporum, Verticillium sp., 
Penicillium sp. and Vartemia iphionodes, maximum 
effect at a dose of 1000 ppm in Verticillium sp. 
(44.8 %) determining, followed by R. solani (42.9 
%) and F. oxysporum (42.7 %).  et al. [31], 
in vitro studies carried out in order to determine 
antifungal effects of some plant extracts and 
essential oils against cotton damping-off agents, 
mint, thyme and lavender extracts reduced the 
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mycelium growth of R. solani and Fusarium spp. in 
varying degrees, the highest fungi-toxic effect was 
observed at 8 % dose of thyme extract. All the 
applied doses of thyme essential oil inhibited 100 % 
the mycelium growth of the pathogens and showed 
a significant fungicidal effect on them. Antifungal 
effects of mint and lavender essential oils were 
found to be varying with the applied dose and the 
pathogen. Especially thyme and mint essential oils 
are found the most effective essential oil inhibiting 
mycelial growth of both pathotype of V. dahliae. 
The doses of 8, 16 and 32 μl mL-1of thyme and 16 
and 32 μl mL-1 of mint essential oils showed 
fungicidal activity against both pathotypes. 
Although antifungal effects of mint and lavender 
essential oils vary depending on the pathotype and 
the dose, it was similar to each other (Table 4). 
Pagiotti et al. [34], reported that lavender essential 
oil was shown to have a lesser effect with respect to 
the other essential oils, a slight antifungal activity 
attributed to the presence of linalool. Essential oils 
of some plants such as thyme was reported to show 
a high antifungal activity against many 
phytopathogenic fungi in vitro [35]. Giamperi et al. 
[36], tested the efficacy in vitro of 8 essential oils 
against P. cinnamomi, Pyrenochueta lyccipersici 
and V. dahliae using different concentrations. In 
that study, the authors demonstrated, the fungistatic 
+ fungicidal activity of the oils determined and the 
most effective essential oils found to be those of 
oregano, thyme, peppermint and coriander. The 
researchers conducted studies, reported that mint 
essential oil inhibited strongly the mycelial growth 
of some soil-borne pathogens such as F. solani var. 
coeruleum, F. oxysporum f.sp. lycopersici, Pythium 
ultimum, R. solani and V. dahliae and even in the 
minimum concentration inhibited all pathogens [37, 
38]. Kadoglidou et al. [39], tested the activity of 
lavender, oregano, sage and spearmint essential oils 
against Aspergillus terreus, F. oxysporum, 
Penicillium expansum, V. dahliae. In the study, the 
researchers reported that the strongest inhibitory 
activity on mycelial growth exhibited by oregano 
and spearmint oils and by carvacrol and carvone, 
respectively. The inhibitory effect was clearly 
fungistatic in A. terreus and F. oxysporum, but 
fungicidal in V. dahliae. Our study results, contrary 
to the other results obtained from lavender essential 
oil (Table 4). Yohalem and Hall [40], reported that 
lavender found in a high percentage of camphor and 
1.8 cineol and when used alone lavender, it is 
effective against microsclerots of V. dahliae. 

 et al. [41], tested the efficacy in vitro of 
essential oils obtained 7 different plants against V. 
dahliae, the highest inhibition rate on O. vulgare 
essential oil (0.04 mL) was determined, followed 
by P. anisum essential oil (0.1 mL). Our study, 
antifungal effects of mint, thyme and lavender the 
extracts were found to be lower than the essential 
oil of the same plant (Table 3 and Table 4). 

Researchers at the result of their study, reported 
that essential oils obtained from different aromatic 
plants have a broad spectrum against plant 
pathogens [42, 43]. Shelef [44], reported that 
antifungal effect of essential oils vary depending on 
the plant's ecological conditions, on the type and 
this effect is caused by the compound of the 
essential oils such as thymol, carvacrol, 
cinnamaldehyde, eugenol. 

 
 

CONCLUSIONS 
 
Consequently, antifungal activity of mint, 

thyme and lavender essential oils was higher than 
the same plant extracts. In our study conducted, the 
highest inhibition was determined on mycelial 
growth both isolates at 8, 16 and 32 μl mL-1 doses 
of thyme essential oil. Non-economic chemical 
control against Verticillium wilt, the results are 
taken into account, and it was concluded that thyme 
essential oil can be an alternative method in the 
control of Verticillium wilt. However, these results 
can be assessed on a commercial scale, the rating 
for the formulation and toxicology studies as well 
as efficiency in the field conditions is required. 
Because, natural plant products that break more 
easily compared to chemical sprays, it is increasing 
the importance of these products. In this context, 
essential oils can be a significant part of biological 
control strategy. 
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ABSTRACT 

In this study, some physical and economical 
water use indices (WUI) were evaluated and 
discussed in two different irrigation schemes. Data 
were collected from Devegecidi and P2 Irrigation 
Schemes in Southeastern Anatolia Region of 
Turkey for two irrigation seasons, 2013 and 2014. 
In physical WUIs, total water use efficiency was 
projected as 54 % for delivering water to the 
irrigation schemes; those were 20.6-28.8 % and 
36.9-43.1 % in Devegecidi and P2, respectively. 
Water supply and physical water productivity (WP) 
in weighted mean were 1.90-2.62, 1.26-1.46 and 
0.314-0.318 kg m-3, 0.477-0.495 kg m-3 in 
Devegeicidi and P2, respectively. Water charges are 
based on crop type and per irrigated area in the 
irrigation schemes as it has been in all the other 
irrigation schemes in Turkey. In economical WUIs, 
net return per unit area were $548-570 ha-1 and 
$663-790 ha-1 in Devegecidi and P2 depending on 
the growing seasons, respectively. Expected 
irrigation economic WUI or expected net return per 
the gross applied volumetric water varied from 
$0.069 m-3 through $0.088 m-3. However, realized 
net production economic WUI or net return per the 
diverted volumetric water to the irrigation schemes 
varied from $0.033 m-3 through $0.059 m-3. The 
main problems in the irrigation schemes were lack 
of  measuring irrigation water used in the fields, an 
appropriate irrigation scheduling and any sanction 
for the farmers used over irrigation and institutional 
approaches on WUAs management. The irrigation 
schemes must be urgently improved in terms of 
operation and management, and water charges 
based on volumetric measurement. 
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irrigation, irrigation scheme, efficiency, productivity, 
economic water productivity 

 
 

INTRODUCTION 

Irrigation is the one of the main factors 
increasing crop yield.  It is, thus, important in terms 

of agricultural production and food supply, income 
of rural people and public investment for rural 
development. Developing countries have made 
huge investments in infrastructure for irrigation in 
the form of irrigation schemes over the last half 
century, realizing its importance for food 
production for the growing population [1]. 
However, agriculture is one of the main consumers 
of fresh water resources in the world.  

Efficient use of water in the irrigated 
agriculture is inevitable considering climate change, 
limited water resources and competition between 
water consumers.  Water efficiency improvements 
need not only important for farmers and irrigation 
districts but also national economy and 
environmental issues. The irrigation sector must be 
able to use the resources efficiently (with minimal 
losses and deterioration of quality) and effectively 
(with maximum productive output) [2]. Thus, the 
importance of higher water productivity (WP) in 
irrigated lands in order to meet the food demands of 
this century increased. The goals of efficient water 
management are to achieve maximum crop yields 
with a minimum amount of water along with 
sustainability ensuring control of waterlogging, 
salinization and environmental degradation [3]. The 
environmental and social goals of irrigation are also 
very important, but unless the basic economic goal 
of making a profit is met, irrigation will not be 
sustainable in the long term [4].  

The consideration of economic WP indicators 
shows to be of relevance when analyzing 
improvements in irrigation systems and 
management at farm and project scales [5]. 
Improving WP, a measure of performance generally 
defined as the physical quantity or economic value 
derived from the use of a given quantity of water. 
Thus, the higher WP to obtain higher output or 
value for each drop of water used can play a key 
role in mitigating water scarcity [6, 7, and 8]. 
Productivity expressed in kg is less useful if we 
want to compare different crops or different regions 
and under these circumstances, a definition based 
on economic value is more appropriate. These 
economic values can be based on simple gross 
value, so kg yield multiplied by market prices, but it 
can include also a complete economic evaluation to 
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get the net benefits [9].  
On the other hand, a crop water use index 

compares an output from the system, such as yield 
or economic return, to irrigation water or crop 
evapotranspiration. In contrast, an irrigation index 
or efficiency often compares an output, such as 
yield, economic return or amount of water retained 
in the root zone to an input, such as some measure 
of water applied.  

Bastiaanssen [10] showed that physical WP 
per unit depletion for wheat ranges between 0.4 to 
1.6 kg m-3 and that for corn the range was 0.3 to 2.7 
kg m-3. Shideed et al. [11] reported that the physical 
WP for wheat is about 0.75 kg m-3.  Çakmak [12] 
evaluated the irrigation performance of the water 
user associations (WUA) of Konya irrigation 
scheme in Turkey. The results indicated that output 
per command area, output per cropped area, output 
per unit irrigation supply, output per unit water 
consumed, water supply, and irrigation ratio were 
found to be $195-5391 ha-1, $359-6197 ha-1, $0.02-
1.29 m-3, $0.07-2.25  m-3, 0.30-7.83 and 36-104%, 
respectively. et al. [13] studied the 
irrigation performances of some selected irrigation 
schemes using 6 comparative indicators in 
Southeastern Anatolia Region of Turkey. The 
performance indicators of the output per cropped 
area, output per unit commanded area, output per 
unit irrigation supply, output per unit water 
consumed, relative water supply, and the irrigation 
ratio were $1223-9436 ha-1, $308-5771 ha-1, $0.2-
2.16 m-3, and $0.45-2.92  m-3, 1.00-5.90 and 7-
100%, respectively.  

The productivity of water needs to be 
considered not only in physical terms but also in 
economic terms. The economic value of water is of 
great importance but so is the economic return that 
results for the farmer when using water in irrigation 
[5].   

The main objective of the present study was to 
determine the productivity of water in the two 
irrigation schemes. Data were collected for two 
irrigation seasons, 2013 and 2014. Thus, some 
physical (irrigation ratio, water use efficiency, 
water productivity and water supply) and 
economical (net return per unit irrigated area, net 
return per unit irrigation water)  water use indices 
(WUI) were evaluated and discussed in two 
different irrigation schemes in Southeastern 
Anatolia Region of Turkey.   

 
 

MATERIAL AND METHODS 

Climatic conditions. The climatic of the 
project areas is typical continental characteristic. 
The average temperature in summer is very high 
(37 oC) and relative humidity is very low (25 %). 
There is no almost any rainfall. The average annual 
precipitation is 485 mm.  The maximum and 

minimum temperature is +46,2 °C and -24,2 
°C, respectively. 

 
Description of the study area. In this study, 

two different irrigation schemes, Devegecidi and P2 
in the Southeastern Anatolia Region of Turkey, are 
studied.  

 
Devegecidi Irrigation Scheme: Devegecidi 

Dam, and irrigation scheme with the same name 
was built in 1971. The irrigation scheme was 
operated by State Hydraulic Works (DSI), 
governmental sector, between 1971 and 1994. The 
governmental organizations have been mandated to 
transfer operation and management of irrigation 
systems to the WUAs of Devegecidi. The main 
canal flow is 9.3 m-3 sec.-1 it has a gross command 
area of 5800 hectares. The average land holding in 
irrigation district is 2.5 ha. The irrigation comprises 
47 km of main canals, 13 km of secondary and 126 
km of tertiary canals [14]. Irrigation schemes was 
projected open canal and surface irrigation system. 

 
P2 Irrigation Scheme: In this irrigation 

scheme, Dicle Dam and Hydropower Plant were 
constructed in 2001. This investment is for 
irrigation, drinking water and producing energy. In 
this project, it was aimed to be irrigated totally 
130.159 ha. The Project contains different stages 
and different districts for irrigation lands. For 
instance, this project contains as Gravity Irrigation 
1, 2, 3 and 4, and pumping irrigation P1, P2, P3, P4, 
P5, P6 and P7. Now P2 pumping Irrigation District 
works actively and totally irrigation lands are about 
4.758 ha. Thus, P2 Pumping Irrigation Scheme is 
part of the Dicle Dam and Hydropower Plant and 
has an extensive canal network.  The irrigation 
system consists of a large network of main canals, 
branch canals, distributaries, minors and 
watercourses. The irrigation water originates from 
the Tigris River. This irrigation scheme was also 
projected as surface irrigation and open canal 
system. In the P2 scheme, pumping system has 
been only used to elevate the water for the lands 
irrigated.  

 
Management of irrigation schemes. The 

main reservoir is operated and managed by DSI (it 
is the governmental organization which is 
responsible from management, planning and 
projecting of the water resources in Turkey). The 
main conveyance canal, secondary and tertiary 
canals are operated and managed by WUAs in the 
irrigation districts. WUAs are, thus, responsible for 
irrigation management, operation and maintenance 
of irrigation schemes. 

The distribution of water among the farmers is 
at the watercourse level. The allocation is based on 
a rotational system.  Water from a watercourse is 
allocated to the individual farmer for a specified 
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period in proportion to their land holding. In this 
way, every farmer is ensured of a fixed irrigation 
time per unit land. However, WUAs are flexible on 
irrigation time and duration. This situation cause 
over irrigation because amount of irrigation water 
applied by farmers do not measured as the 
volumetric amount.  This application of water 
distribution has the advantage of ease in operation 
and minor management problems in terms of the 
farmers
entitlement of water is irrespective of soil type and 
crop water requirements.  

During their turn, the farmers distribute the 
water on their fields. The amount of water applied 
to each field is decided, in practically, by the 
farmer. Commonly, farmers use the surface 
flooding method to irrigate their fields. Irrigation 
water charges to farmers are fixed and based on 
type of crop and land area. 

  
Data collection and methodology. The 

analysis presented in this paper is based on the 2 
year (2013-2014) data collected from the irrigation 
schemes, Devegecidi and P2. Irrigation and yield 
data were collected through a comprehensive 
survey of these irrigation schemes during 2013 and 
2014.  

These data were analyzed to calculate physical 
and economical WP of irrigated crops as water use 
indices (WUI) in the irrigation schemes. WP 
expresses the benefits or value derived from the use 
of water. Different indicators are used to describe 
physical water productivity. Most common are 
physical mass of production per unit of applied 
water, water depleted through water available [15, 
16]. Water supply was computed as given below 
[17].  

 

WS =        (1) 

 
Where: WS is water supply, DW is diverted 

amount of irrigation water to the irrigation scheme, 
GW is gross amount of irrigation water needed      

 
Total water use efficiency was computed using 

the equation given below.  
 

TWUE =      (2) 

 
Where: TWUE is total water-use efficiency 

(%), Wr is the gross amount of water required (m-3 
ha-1) by the crop to produce certain level of crop 
production, Wa is the amount of water actually 
diverted to the irrigation scheme  (m-3 ha-1) 

We used the terminology for the indicators of 
irrigated agricultural output based on the reference 
of Fairweather et al. [2]. It is defined as water use 
indices (WUI) instead of physical and economical 
WP.   

For this paper, physical WP or physical 
WUI is expressed in terms of crop yield per unit of 
applied water (kg m-3). Economic WP uses 
valuation techniques to derive the value of water, 
income derived from water use or benefits derived 
from water [18]. Therefore, economic WP or 
economic WUI is defined as gross value of 
production and net return per unit of applied water 
($ m-3). Net return is expressed in terms of gross 
water productivity minus total cost of production 
[19]. The principle output of the scheme is the crop 
produce or its economic equivalence and the area 
irrigated [1]. These were, thus, assessed annually.   

Thus, some performance indicators of the 
irrigation schemes were computed and evaluated 
using the equations given below [2].  

Physical irrigation WUI =       (3) 

Realized net  production economic WUI =  (4) 

Expected irrigation economic WUI =   (5) 

 
Where: Y is the weighted mean of  yield (kg 

ha-1), IW is irrigation water applied (m3 ha-1), 
NR is net return per unit land ($ ha-1), RDW is 

the real diverted water to the scheme (m3 ha-1), PIW 
is irrigation water planned to the irrigation scheme 
(m3 ha-1). 

 
Gross return was calculated using amount of 

production and price of the crop per unit [20].  
 

GR = Y. Py       (6) 
 
Where; GR is gross return ($ ha 1), Y is yield 

(kg ha 1), Py is price of the crop per unit ($ kg 1).                                 
 
Net returns were computed from the following 

expression: 
 

NR = GR  TVC    (7) 
 

Where; NR is net return ($ ha 1), GR is ross 
return ($ ha 1), TVC is total variable costs ($ ha 1). 

 
 

RESULTS AND DISCUSSIONS 

Crop pattern. Crop pattern for the planned 
and realized conditions for the irrigation schemes 
are given in Table 1. According to the crop pattern 
planned of Devegecidi Irrigation Scheme, the ratio 
of cereals was the highest (44.4%) and the second 
highest ratio of the crops was cotton (13.3%). There 
was significantly variation on the planned and 
realized crop pattern (Table 1). Cotton and corn 
needed much more irrigation water [21] are  
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TABLE 1 
 The crop pattern projected and realized  in the irrigatin districts and study years (%) 

 
Crops Devegecidi P2 

Projected 
crop pattern 
(%) 

Realized crop pattern 
(%) 

Projected 
crop pattern 
(%) 

Realized crop  
pattern 
(%) 

  2013 2014  2013 2014 
Cotton 13 39 42 13 78,6 71,2 
Corn - 49 47 4 12,1 20,1 
Wheat 44 12 12 39 8,7 7,8 
Paddy 22 - - 14 - - 
Vegetable 9 - - 5 0,28 0,4 
Beet 7 - - 6 - - 
Alfalfa 5 - - 6 - - 
Orchard - - - 5 0,27 0,4 
Melon - - - 4 0,05 0,1 
Lentil - - - 4 - - 
Total 100 100 100  100,0 100,0 
 
cultivated in the irrigation district. These increased 
water demand during peak season in summer. 
Paddy crops in cropping pattern between the years 
of 1973 - 1985, while in the later years are not 
included. The corn, wheat and cotton were mainly 
cultivated crops. However, besides use of over 
irrigation, undesired crop pattern applied on the 
contrary planned crop pattern are the most 
important problems. These applications indicate 
that more irrigation water could be consumed or 
used [14]. 

For P2, crop pattern were planned as 39 % of 
wheat, 14 % of paddy, 13 % of cotton and the 
others (Table 1). However, cotton is one of the 
main crops (71.2-78.6 %) among the cultivated 
crops in practice for  the P2 irrigation scheme.  
Cotton is one of the main crops needed much more 
irrigation water [21] compared to the others. 
Furthermore, that the cotton has the highest range in 
the crop pattern has increased water requirement 
and it could be caused too much water in use. All 
these results showed that the farmers have not 
corresponded the planned crop pattern and WUAs 
have not performed any sanction. Thus, crop pattern 
were realized according to the market conditions, 
subsidizing and price support policy of the 
government.  

In these irrigation schemes, it is not 
corresponded the planned crop pattern. This could 
cause to be consumed too much water and 
inappropriate applications. Cropping patterns 
should be adjusted to meet this challenge. The 
cropping pattern changes can help alleviate water 
demand competition in case climate becomes drier 
and the irrigation cap shrinks. Cropping patterns are 
generally planned according to soil types, irrigation 
water availability, crop rotation, and water 
allocation policies, economic and ecological 
benefits [22, 23].  

Physical water use indices in the irrigation 
schemes. Some physical performance indicators of 
the irrigation schemes are given in Table 2. 
Command area or planned area in Decegecidi and 
P2 irrigation schemes for irrigation were 5800 ha 
and 4788 ha, respectively. However, the irrigated 
area is significantly less than the command area. 
Thus, irrigation ratio is 76 % and 83 % for 
Decegecidi and P2 in the both study years, 
respectively.   

Decreasing the irrigated area in Devegecidi 
might be attributed that some lands in the irrigation 
scheme have been remained under new settlement 
area because of growing of urbanization. Some 
farmers have not been irrigated even if they have 
cultivated their lands such as wheat. Some lands in 
the irrigation scheme could not, unfortunately, 
receive irrigation water since these have been at the 
end of the irrigation scheme and/or at the higher 
elevations compared to the irrigation canal system. 
Apart from the effects of the growing of 
urbanization, the other reasons caused lower 
irrigation ratio  are also valid for the P2. 

DSI plans the total amount of irrigation water 
used for the irrigation schemes considering crop 
pattern and water crop consumptive use and 
irrigation water use efficiency before irrigation 
season. Connecting this, water application 
efficiency and water conveyance efficiency were 
considered as 60 % and % 90, respectively. Thus, 
total water use efficiencies were considered as 54 % 
for delivering water to the irrigation schemes (Table 
2). In addition, the gross amount of irrigation water 
required for crops were computed considering those 
water use efficiencies. However, the water use 
efficiencies on those are quite low under the  
practical conditions.  

The main problem in the irrigation schemes is 
to use too much water. Considering the real  
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requirements of irrigation water for the crops (Table 
2), diverted water from the reservoir to the 
irrigation schemes were too much. Connecting this 
data, total water use efficiency were 20.6-28.8 % 
and 36.9-43.1 % for Devegecidi and P2, 
respectively. Thus,  much more amount of irrigation 
water of 90-162 % and 26-42 % were diverted to 
the irrigation schemes for Devegecidi and P2, 
respectively.  It means that, water supply for 
irrigation was 1.90-2.62 and 1.26-1.46 for 
Devegeicidi and P2, respectively (Table 2). On the 
other hand, physical WP varied 0.314-0.318 kg m-3 

and 0.477-0.495 kg m-3 for Devegecidi and P2, 
respectively. As a consequence, use of too much 
water has been decreased the physical WP.  

Gross amount of water used per  unit area 
varied from 12100 through 17047 m3 ha-1 
depending on the irrigation schemes and irrigation 
seasons. Another main reason on exceed water use 
in Devegecidi was that Devegecidi Irrigation 
Scheme was built in 1971 and there was no 
appropriate maintenance. Thus, secondary and 
tertiary canal systems (open concert canals) were 
almost destroyed and WUA and farmers have been 
used without concert like natural water ways. This 
increases water loss as deep percolation. The other 
minor reason could be climate condition because of 
air temperature is very high during irrigation 
season. Studies have shown that poor maintenance 
of infrastructure and equipment coupled with high 
maintenance costs are some of the main factors that 
contribute to poor performance of irrigation 

systems [13, 24].  
All physical performance indicators were 

significantly low and this situation cannot be 
acceptable for appropriate management of the 
irrigation schemes. In Devegecidi, the irrigation 
methods used by farmers are surface irrigation (92 
%) and sprinkler irrigation (8 %). There is no any 
drip irrigation. In P2, surface irrigation of 93 % and 
only drip irrigation of 7 %. 

Poor irrigation efficiency depends primarily 
on four inter-related factors. These are: irrigation 
timing, which is a function of soil moistures before 
irrigation; the depth applied, which is a function of 
soil moistures after irrigation; application 
uniformity, which affects how much of the water 
will be lost to deep drainage; and application rate, 
which if excessive, causes poor uniformity because 
of surface redistribution [4]. Major changes, such as 
changing the type of irrigation, for example from 
flood irrigation to pressurized sprinkler irrigation, 
could result in significant improvements in 
irrigation efficiency.  

Considering legislations and institutional 
situation for the irrigation management in Turkey, 
formal approaches were existed on the paper 
however all applications in practice  have not been  
applied desirably. Because, insufficient on farmer 
training, insufficient irrigation scheme 
infrastructures and lack of institutional approaches, 
of WUAs, incoordination between stakeholders, 
difficulties on adaptation for new irrigation 
technologies such as sprinkler and drip irrigation 

TABLE 2 
Some physical performance indicators of the irrigation schemes. 

 
 Devegeçidi P2 
 2013 2014 2013 2014 
Command area (ha) 5800 5800 4758 4758 
Irrigated area (ha) 4430 4396 3977 3967 
Irrigation ratio (%) 76 76 83 83 

Net amount of irrigation water 
requirement for crops (m3) 

20.70 x106 19.74 x106 17.17 x106 15.41 x106 

Planned total water use efficiency 
(%) 

54 54 54 54 

Gross amount of irrigation water 
requirement for crops (m3) 

31.8x106 28.55x106 38.34x106 36.51x106 

Diverted water from the reservoir 
to the irrigation scheme (m3) 

60.47x106 74.94x106 48.12x106 53.43x106 

Net amount of irrigation water 
calculated for plant root zone per 
ha (m3 ha-1) 

4672 4490 4317 3884 

Gross amount of irrigation water 
calculated per ha (m3 ha-1) 

7178 6494 9640 9203 

Diverted amount of water to the 
irrigation scheme (m-3 ha-1) 

13650 17047 12100 13469 

Total water use efficiency (%) 28,4 20,6 43,1 36,9 
Water supply 1,90 2,62 1,26 1,46 
Pysical WP (weighted mean, kg 
m-3) 

0,398 0,314 0,495 0,477 
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compared to conventional irrigation systems could 
be specify for this. Social, cultural and political 
reasons could be also considered for all these 
negative situations.  

WUAs of 
are the main irrigation management agencies for the 
irrigation schemes. They are responsible for water 
supply chain, i.e. conveyance, distribution and final 
water delivery to farm gates. Individual farmers 
and/or their organizations, unfortunately, have not 
made significant investments in irrigation 
technologies and/or some new approaches and 
applications to improve water use efficiency. In 
addition,  WUAs and the farmers have not 
measured and computed regarding 
soil-moisture conditions, irrigation scheduling 

 for different 
irrigation management strategies, etc. In addition, 
there have not been  formal responsibility to use of 
water efficiently  in terms of farmers.  
Consequently, farmers do not pay higher water 
prices when they use excess water.  

Similarly, performance of irrigation schemes 
located in different regions of Turkey, overall, is 
not an acceptable level. This inadequacy can be 
highly related to the infrastructure, management 
(agency, joint, and farmer), allocation and 
distribution procedures (demand vs. supply), and 
the climate and socio-economic setting. Efficient 
irrigation scheduling has still not achieved properly 
and this causes too low water application 
efficiencies with high water conveyance losses [25].  

Monitoring and evaluation of system 
performance and achievement of service standards 
would require the development of water 
measurement systems consistent with service 
standards and the basis for the calculation of water 
tariffs [26].  

 
Economical performances of irrigation 

districts. Water charges. Water charges are based 
on crop type and per irrigated area in the irrigation 
schemes as it has been in all the other irrigation 
schemes in Turkey. Those could be varied 
depending on the irrigation schemes and different 
water basins. Water charges for Devegecidi and P2 
are given in Table 3. Water charges varied from 
$43 ha-1 to  $94 ha-1 and from $64 ha-1 and 173 ha-1 

for Devegecidi and P2, respectively. Water charges 
are quite higher in P2 compared to those in 
Devegecidi. Because, the amount of energy of 
0,108 kW is used to elevate water per m3 for P2 
irrigation scheme. The charges of the energy 
(electricity) are paid by WUA and it is projected the 
irrigation charges of the crops to be paid by the 
farmers.  

On the other hand, the ratio of collection of 
water charges in Devegecidi and P2 were 43-69 % 
and 44-65 %, respectively. Considering water 
charges in both irrigation schemes, it has not been 

showed the real cost of water were projected 
to the farmers. This situation has been caused 
insufficient maintenance of the irrigation schemes. 
The low charges for irrigation water are questioned, 
as well as, the small percentage of farmers who 
actually pay the charges. In the projects, fee 
collection rates are quite low, even when water 
charges are well below the cost of project operation 
and maintenance. 

Water fees are collected from farmers for two 
main reasons. The first is to cover the operation and 
maintenance cost so that the project is financially 
sustainable. In many cases, fees will also need to 
include a charge for the cost of capital required to 
construct the project. This charge for capital is 
important for future irrigation investments. The 
second objective involves pricing to encourage 
farmers to use less water per unit of output or 
produce greater net economic returns per unit of 
water, or both [27].  

The price of the irrigation water is still based 
on operation and maintenance costs in all irrigation 
schemes and it is charged on per hectare basis, 
differentiated according to the crop. There is almost 
no volumetric pricing system in irrigation. The 
WUAs should determine the water charges based 
on expected operation, maintenance and investment 
cost for the year. The farmers using pumping water 
face 2.5 times higher water charge per hectare then 
the gravity water users [28].  

 
Economical water use indices. Economical 

water indices were evaluated and computed as net 
return per land area, expected irrigation economic 
WUI based on gross amount of irrigation water and 
realized net production economic WUI based on 
diverted water from the reservoir to the irrigation 
scheme. All these data are given in Table 4. Net 
returns per unit area  were $548-570 ha-1 and $663-
790 ha-1 in Devegecidi and P2 depending on the 
growing seasons, respectively. The reasons of the 
lower net return in Devegecidi District could be 
attributed growing cotton and wheat for a long time 
for every year and insufficient agronomical 
practices. Thus, the obtained yields per land area 
were lower than the other.  

Considering the studies in some irrigation 
schemes in different regions of Turkey, Cakmak 
[12] reported that net returns per land area varied 
from $359 ha-1 through $6197 ha-1. Similarly, 
Degirmenci et al. [13] computed the net return 
between as $308 ha-1 and $5771 ha-1 depending 
irrigation scheme. All these studies showed that 
there were significantly differences between the net 
return per land area in the irrigation districts. These 
results could be depended on many factors such as 
climate, agronomical applications, crop types, 
inputs of crop production, market conditions, use of 
new technologies, infrastructure of irrigation 
systems and irrigation management.  
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Expected irrigation economic WUI or 

expected net return per the gross applied volumetric 
water varied from $0.069 m-3 through $0.088 m-3. 
However, realized net production economic WUI or 
net return per the diverted volumetric water to the 
irrigation schemes varied from $0.033 m-3 through 
$0.059 m-3. The real net return obtained per 
volumetric water was quite low  in the irrigation 
schemes. The main reason of this was to use too 
much water. Because, they are irrespective of the 
amount of water applied to each field during a crop 
season. This means that the farmers have to pay less 
if they irrigate less area with the same amount of 
water. It may appear that this could lead to over 
irrigation and wasteful use of water [29]. However, 
prevailing water charges are low and, as such, they 

decisions [30, 31].  
Water productivity may vary when evaluated 

at different spatial scales due to influencing factors 
such as crop choice, climatic patterns, irrigation 
technology and field-water management, land, and 
inputs including labor, fertilizer and machinery [32, 
33].  

To encourage farmers to use less irrigation 
water per hectare, water charges have to be related 
to the amount of water that farmers receive. Thus, 
volumetric water pricing must be considered when 
reducing water use per hectare is the major concern.  

 
In this situation, it needs to be improvements of 
infrastructures and measurement devices. The  
authorities on water management must be decided  
to use of volumetric water pricing.  In cases of high 
volumetric measurement costs, area-crop or area-
technology based pricing methods can be 
considered as a second best approach if they can be 
designed to influence water use [27].  

 
 

CONCLUSIONS 

The irrigation systems in the study area have 
yielded the low returns and the performance of lift 
irrigation scheme was not satisfactory. Physical and 
economical water use indices in the irrigation 
shames are quite low and insufficient. Although 
WP could change with the spatial and temporal 
scale, integrated agronomy-water management 
programs might enhance yields and water 
productivity.  

In the first, water has been lost at the farm due 
to over-irrigation, secondly, the losses in the canal 
systems are very high since insufficient 
maintenance and the temperature is very high 
during the irrigation season. However, the actual 
water management of the systems is usually quite 
different from the stated or intended water 
management.  

TABLE 3 
Irriagtion water charges based on crops and land area in the irrigation districts ($ ha-1) 

 
Crops Devegecidi P2 

 2013 2014 2013 2014 
Creals (%) 60 43 64 - 
Cotton (%) 94 87 150 150 
Corn (%) 94 87 150 150 

Melon (%) - - 100 110 
Vegetable (%) - - 160 153 
Orchards (%) - - 173 167 

Collection of water charges (%) 69 43 65 44 
 

TABLE 4 
Irrigation economic water use indices (eocnomic water productivity) in the irrigation 

schemes. 
 

Irrigation 
schemes 

Study 
years 

Gross amount 
of irrigation 
water for the 

farms (m3 ha-1) 

Diverted water 
from the reservoir 

to the irrigation 
scheme 

(m3) 

Net return 
per ha 

 
 

($ ha-1) 

Expected 
irrigation 
economic 

WUI 
($ m-3) 

Realized 
net  

production 
economic 

WUI 
 

($ m-3) 
 

Devegecidi 
 

2013 7178 13650 548 0,076 0,040 
2014 6494 17047 570 0,088 0,033 

 
P2 

 

2013 9640 12100 663 0,069 0,055 
2014 9203 13469 790 0,086 0,059 
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The main problems in the irrigation schemes 
were lack of  measuring irrigation water used in the 
fields, measuring soil water content for an 
appropriate irrigation scheduling and  any sanction 
for the farmers used over irrigation and institutional 
approaches on WUAs management. The 
establishment of water pricing systems based on 
volumetric may lead to substantial water savings in 
irrigated systems even if  it is not only solution.  

As a result, the irrigation schemes such as 
those in Turkey must be urgently improved in terms 
of operation and management and water charges 
based on volumetric measurement. Some methods 
on farm water conservations could be used an 
appropriate irrigation scheduling, improvements of 
the irrigation systems and use of tail water. 
Because, using a more scientific approach to 
scheduling has generally been shown to decrease 
the amount of water applied while improving yield.  
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ABSTRACT 
 

We investigated potential alleviation effects of 
homobrassinosteroid (HBR) hormone on sunflower 
(Helianthus annuus L. cv. TR003) grown under 
copper (Cu) stress conditions. Seeds were grown 
under Cu (30 μM and 40 μM) and also HBR (2 
μM) treatments to analyse primary root lengths, 
protein contents, antioxidant system enzymes' 
activities (superoxide dismutase-SOD and catalase-
CAT) and expressions of these enzymes at 48 h and 
72 h. When compared to control, Cu applications 
decreased primary root lengths. On the other hand, 
HBR application increased primary root lengths of 
Cu-stressed samples at 48 h and 72 h. Depending 
on concentration and timing, protein contents and 
enzyme activities showed varying results in Cu-
treated and Cu+HBR-applied samples. In addition 
to enzyme activities, SOD and CAT expression 
profiles were also investigated by RT-PCR. 
Expected band sizes for SOD (309 bp) and CAT 
(248 bp) were observed in all samples. These 
results indicate a positive role of HBR on Cu-
stressed sunflower for agricultural applications.  
 
 
KEYWORDS: 
Helianthus annuus L., heavy metal, plant hormone, root 
growth, antioxidant enzyme activity. 
 
 
INTRODUCTION  
 

Cu is an essential micronutrient for most 
biological organisms and affects photosynthesis, 
electron transport chain, respiration, cell wall 
metabolism and hormone signaling [1, 2, 3]. Cu 
toxicity in plants is also associated with the 
production of reactive oxygen species (ROS) 
leading to oxidative stress in plants [4, 5]. 

Plants have developed complex mechanisms 
to avoid the accumulation of free Cu ions in cells 
[2, 6]. These mechanisms could be morphological, 
physiological and molecular level. Among these 
mechanisms, the reorganisation of the root system 

architecture (RSA) also shows a high degree of 
plasticity [7, 8] and stress conditions cause 
remodelling of the RSA characterised by an 
inhibition of primary root (PR) growth [9, 10]. In 
addition, plants also provide a balance between the 
production of activated oxygen species and 
scavenging capacity of antioxidants [12, 13]. In 
addition, plants activate gene expression 
mechanisms to alleviate abiotic stresses [13, 14]. 

Phytohormones also play an important role in 
plant growth, development and even yield. Among 
the phytohormones, brassinosteroids (BRs) form a 
group of steroidal lactones structurally similar to 
animal and insect steroid hormones. BRs regulate 
various developmental and physiological processes, 
including cell elongation, morphogenesis, tissue 
differentiation and reproduction [15, 16]. Various 
studies show that BRs have also the ability to 
enhance the capacity of plants to cope with various 
stresses like heavy metal, water, salt etc. [9, 17, 18]. 
The aim of this study was to investigate the 
alleviation effect of exogenously applied HBR on 
Cu-stressed sunflower roots in terms of 
morphologic studies (primer root lengths), 
physiologic studies (SOD and CAT enzyme 
activities) and molecular studies (SOD and CAT 
expression profiles). 

 
 
MATERIALS AND METHODS 

 
Helianthus annuus L. cv. TR003 seeds were 

obtained from Directorate of Trakya Agricultural 
Research Institute and used as plant material. Three 
different experiment groups were prepared at 48 h 
and at 72 h. The first group was control group. Cu-
stressed samples were in the second group. For this 
purpose, copper II sulfate (CuSO4) was used for 
generating Cu stress (30 μM and 40 μM) sunflower 
seeds. In the last group, HBR (2 μM) supplemented 
with 30 μM and 40 μM Cu was applied on 
sunflower seeds. Seeds were placed randomly in 
Petri dishes (9 cm diameter) containing filter paper 
soaked in (1) only H2O (control), (2) 30 μM Cu,  
(3) 30 μM Cu+2 μM HBR, (4) 40 μM Cu, (5) 40 
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μM Cu+2 μM HBR. All cultures were kept in dark 
in a controlled growth chamber (26oC). Each 
concentration with three separate experiments was 
evaluated. Totally 45 sunflower seeds for 48 h and 
45 sunflowers for 72 h were used (3 seeds in each 
petri dish, three replicates for 5 different 
applications). Primary root lengths were statistically 
evaluated. We observed Cu and HBR treatments 
were more effective at 72 h than at 48 h. Therefore, 
protein contents, enzyme activities and molecular 
analyses were carried out for only 72 hour-samples. 

 
Determination of protein content and 

antioxidant enzyme activities. Control and 
treated-roots at 72 h were homogenized in mortar 
and pestle with liquid nitrogen, subsequently 1 ml 
extraction buffer (50 mM PBS [0.2 M monobasic 
sodium phosphate, 0.2 mM dibasic sodium 
phosphate pH 7.0], 0.1 mM EDTA, 4% 
polyvinylpyrrolidone) was used per 0.01 mg plant 
material. The homogenate was centrifuged at 14000 
g for 20 min at 4oC [19]. The supernatant was used 
for protein content and enzyme activity analyses 
[20]. Characterization of protein profiles was 
carried out using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). 
For this purpose, supernatant for each experimental 
group was  denatured by heating at 100ºC for 5 
minutes and loaded in 15% acrylamide slab gel 
containing 10% SDS. The run was performed at 
120 V for 75 minutes till the tracing bromophenol 
blue dye reached the gel bottom. Protein bands 
were visualised by staining the gels with 0.1% 
Coomassie Brilliant Blue R-250. 

 SOD activity was analysed by measuring 
the ability of enzyme extract to inhibit the 
photochemical reduction of nitroblue tetrazolium 
(NBT), as described by Cakmak and Marschner 
(1992) [21], which measures inhibition of the 
photochemical reduction of nitroblue tetrazolium 
(NBT) spectrophotometrically at 560 nm. One unit 
of activity was determined as amount of enzyme 
required to inhibit the photoreduction of NBT to 
blue formazan by 50% and was expressed as SOD 

-1 protein. The reaction mixture contained 
50 mM phosphate buffer (pH 7.0), 100 μM EDTA, 
50 mM Na2CO3, 13 mM L-methionine, 75 μM p-

nitrobluetetrazolium chloride (NBT) and 2 
μM riboflavin. Reactions were carried out at 25oC, 
under light intensity of about 300 μmol-1 m-1s-1 

through 7 min and spectrophotometric readings at 
560 nm were recorded. The experiments were 
repeated at three times. 

 Catalase activity was determined 
according to Cho et al. (2000) [22], who measured 
the decline of the extinction of H2O2 at the 
maximum absorption at 240 nm. About 5 μl of 
samples were added to the reaction mixture 
containing 130.5 μl H2O, 20 μl phosphate buffer 
(50 mM, pH 7.0) and 44.5 μl hydrogen peroxide 
(35%). Spectrophotometric readings were obtained 
after addition of enzyme extract for 120 seconds of 
10 second intervals and results were presented as 

 Experiments were repeated 
at three times. 

 
Statistical analysis. Variance was analysed 

statistically between control and treatment groups 
by using T-test (Graphpad). The data were obtained 
from three independent experiments. For the 
statistical evaluation of the results, the significance 
was accepted at the probability level of P<0.05. 

 
Analyses of SOD and CAT expressions by 

RT-PCR. Gene expression profiles of SOD and 
CAT enzymes were investigated by RT-PCR. Total 
RNA of all samples at 72 h was extracted by TRI 
Reagent® (Sigma, T9424) and cDNAs were 
synthesized from RNA samples with the following 
steps: DNase I (RNase-free, AM224, Ambion) was 
added to the RNA samples to prevent DNA 
contamination and then cDNA synthesis was 
carried out using cDNA synthesis kit (Transcriptor 
High Fidelity cDNA Synthesis Kit, 05091284001, 

instructions. 
 SOD and CAT primers (Table 1) were 

used in RT-PCR analyses designed by Fernández-
Ocaña et al. (2011) [13] and Pena et al. (2011) [14]. 
RT-PCR was performed in a total volume of 20 μL, 
containing 11.4 μl of sterile distilled water, 2 μl of 
10X buffer (1X), 2 μl of 25 mM MgCl2 (2.5 
mmol/L), 0.4 μl of 10 mM dNTP mixture (0.2 
mM), 1 μl of 10 pmol/μl of each primer (0.4  

 
TABLE 1 

Primer sequences for the amplification of SOD and CAT. 
 

No Primer   Ta (oC) 
 
        Target size (bp) 

1 CuZn-SOD-F GCTCCTAAGCCGCTTACGGTTGTCG     58         309 

2 CuZn-SOD-R CACGCCATCGGCATTGGCAATTATG     58 309 

3 CAT-F CTTCCCGCTTGAATGTGAAG     61 248 

4 CAT-R CCGATTACATAAACCCATCATC     61         248 

 



© by PSP  Volume 25  No. 11/2016, pages 4872-4878  Fresenius Environmental Bulletin  

4874 

TABLE 2 
Primary root lengths (cm) of Helianthus annuus L. cv. TR003 after 48 h and 72 h germination between 

filter papers at dark. 

 
pmol/μl), 2 μl of 25 ng/μl template cDNA (2 
ng/μl), 0.2 μl of 5 U/μl High Fidelity PCR Enzyme 
Mix (K0192, Fermentas). The values given in 
parentheses were the final concentrations. PCR 
conditions were as follows: initial denaturation at 
95°C (3 min) followed by 30 cycles of denaturation 
at 94°C (30 sec), annealing at different 
temperatures which are 58°C for SOD and 61°C for 
CAT (30 sec) and extension at 72°C (1 min).The 
reaction was completed by additional extension at 
72°C for 10 min. Twenty microliters of PCR 
products were mixed with 4 μl 6X loading buffer 
and were resolved in an agarose gel (1 % 
concentration) at 70 V for 40 min in 1X TAE 
buffer. A molecular weight marker (GeneRulerTM 
DNA Ladder Mix, SM0331, Fermentas) was also 
loaded to determine the size of the amplicons. After 
running, the gels were photographed on a UV 
transilluminator. 
 
 
RESULTS 

 
Sunflower seeds grown under (1) only H2O 

(control), (2) 30 μM Cu,  (3) 30 μM Cu+2 μM 
HBR, (4) 40 μM Cu, (5) 40 μM Cu+2 μM HBR 
showed different root lengths at 48 h and at 72 h 
(Figure 1, A and B, respectively). 2 μM HBR 
application alleviated the negative effects of Cu on 
sunflower roots (3, 5 in Figure 1, A and B). 

Cu caused negative effects on primary root 
lengths (Table 2). As compared to control (0.96 ± 
0.14 and 2 ± 0.38 for 48 h and 72 h, respectively), 
the lengths of primary root decreased in 30 μM Cu 
application (11.4% and 28%, 48 h and 72 h, 
respectively) and 40 μM Cu application (15.6% and 
19.5%, 48 h and 72 h, respectively). When 
compared to only Cu treatment, root lengths 
increased in Cu+HBR-applied samples (5% for 48 
h and %38.8 for 72 h at 30 μM Cu+2 μM HBR; 

42% for 48 h and 30% for 72 h at 40 μM Cu+2 μM 
HBR).  
 

 
FIGURE 1 

Morphological view of Helianthus annuus L. cv. 
TR003 primary roots germinated for A. 48 h, B. 

72 h. 1, control; 2, 30 μM Cu; 3, 30 μM Cu+2 
μM HBR; 4, 40 μM Cu; 5, 40 μM Cu+2 μM 

HBR, respectively. 
 

Determination of protein content and 
antioxidant enzyme activities. Compared with 
control (5.45 ± 2.25), protein content of 30 μM Cu-
treated samples increased (8.3%). In addition, 
protein content of 40 μM Cu-treated samples 
(23.6%) was also higher than control. 30 μM 
Cu+HBR application decreased protein content 
(9%) as compared to only 30 μM Cu-applied 
samples. On the other hand, protein content 
increased in 40 μM Cu+HBR treatments (%6) 
compared to only 40 μM Cu-applied samples. This 
result showed that HBR application stimulated 
reverse effect on low Cu stress (30 μM) in terms of 
protein concentration (Table 3).  

 
 
 

  
Control 

 
30 μM Cu 

 
30 μM Cu+2 μM 

HBR 

 
40 μM Cu 

 
40 μM Cu+2 

μM HBR 
Primary root 
lengths (cm)  
after  48 h 

germination 

 
0.96 ± 0.14 

 
0.85 ± 0.29 

 
0.89 ± 0.03 

 
0.81 ± 0.3 

 
1.15 ± 0.33 

Primary root 
lengths (cm)  
after  72 h 

germination 

 
2 ± 0.38 

 
1.44 ± 0.28 

 
2 ± 0.38 

 
1.61 ± 0.47 

 
2.1 ± 0.76 
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TABLE 3  
Protein contents and antioxidant enzyme activities of Helianthus annuus L. cv. TR003 roots after 72 h of 

germination. 
 

 
Total proteins were extracted from 

experimental groups after 72 h treatment and 
analysed by SDS-PAGE. As visualised from SDS-
PAGE, Cu and HBR treatments caused a significant 
change in the electrophoretic protein band profiles 
at 72 h (Figure 2). 

 
FIGURE 2 

SDS-PAGE analysis of 72 h germinated root 
samples. 1, control; 2, 30 μM Cu; 3, 30 μM Cu+2 

μM HBR; 4, 40 μM Cu; 5, 40 μM Cu+2 μM 
HBR, respectively. The arrow shows the 

polymorphic band. 
 

In addition to protein analyses, SOD and CAT 
enzyme activities were also investigated in 72-hour-
samples. There were also slightly differences 
among samples. Only Cu application (0.015 ± 0.01 
for 30 μM Cu) enhanced enzyme activities as 
compared to control (0.014 ± 0.03). However, high 
Cu concentration (40 μM) showed opposite result. 
Comparison with control (0.014 ± 0.03), SOD 
enzyme activity decreased (0.013 ± 0.01) in high 
Cu concentration. Cu+HBR applications indicated 
that SOD enzyme activity declined as a result of 
HBR treatment when compared with only Cu 
application (0.014 ± 0.08 for 30 μM Cu+2 μM 
HBR; 0.012 ± 0.01 for 40 μM Cu+2 μM HBR) 
(Table 3). Different results were obtained as a result 
of CAT enzymes activities. Low Cu application 
(0.016 ± 0.02 for 30 μM Cu) decreased CAT 
activity as compared with control (0.019 ± 0.01). 
On the other hand, HBR application increased 
activity (0.023 ± 0.01 for 30 μM Cu+2 μM HBR). 

Other Cu application (40 μM) showed a distinct 
result. Both Cu and Cu+HBR application increased 
CAT enzyme activity (0.033 ± 0.033 for 40 μM Cu 
and 0.035 ± 0.035 for 40 μM Cu+2 μM HBR). 

 
Analyses of SOD and CAT by RT-PCR. 

SOD and CAT gene expressions were analysed 
with RT-PCR by using samples  cDNAs as a 
template. PCR products were then resolved on a 1% 
agarose gel (Figure 3 and 4).  
 

 
FIGURE 3 

PCR results for SOD. M, marker; 1, control; 2, 
30 μM Cu; 3, 30 μM Cu+2 μM HBR; 4, 40 μM 

Cu; 5, 40 μM Cu+2 μM HBR, respectively. 
 

Expected band size for SOD (309 bp) was 
observed in all samples (Figure 3). SOD gene 
expression decreased with 30 μM Cu+2 μM HBR 
and 40 μM Cu+2 μM HBR applications. This result 
was supported by SOD enzyme activity analysis. 
 

 
FIGURE 4  

PCR results for CAT. M, marker; 1, control; 2, 
30 μM Cu; 3, 30 μM Cu+2 μM HBR; 4, 40 μM 

Cu; 5, 40 μM Cu+2 μM HBR, respectively. 
 

 
 

Control 30 μM Cu 30 μM Cu+2 μM HBR 40 μM Cu 40 μM Cu+2 μM HBR 

Protein content 
(mg/ml) 

5.45 ± 2.25 5.9 ± 1.76 5.36 ± 1.53 6.74 ± 2.95 7.14 ± 1.14 

Superoxide dismutase 
activity 

560  min-1 mg-1 
protein 

0.014 ± 0.03 0.015 ± 0.01 0.014 ± 0.08 0.013 ± 0.01 0.012 ± 0.01 

Catalase activity 
240  min-1 mg-1 

protein 
0.019 ± 0.01 0.016 ± 0.02 0.023 ± 0.01 0.033 ± 0.033 0.035 ± 0.035 
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CAT expression profile was also analysed 
among samples. We observed expected band size 
(248 bp) in 1% agarose gel. There were no different 
expression profiles among samples (Figure 4). 

 
 
DISCUSSION 

 
The present study indicates the effects of HBR 

on primary root lengths, protein content, 
antioxidant system enzymes (SOD and CAT), 
expression profiles of SOD and CAT in sunflower 
seeds (Helianthus annuus L. cv. TR003) 
germinated under different Cu concentrations (30 
μM and 40 μM) at 48 h and 72 h. Root growth was 
analysed at 48 h and 72 h but other experiments 
(protein content, enzyme activities and molecular 
analyses) were performed only at 72 h. Cu stress 
reduced primary root lengths. Janas et al. (2010)  
[23] reported the same result. They studied lentil 
(Lens culinaris Medic.) seedlings and found that Cu 
application decreased root elongation. In another 
study, five-week-old Arabidopsis plants growing in 
hydroponics were exposed to different Cu2+ 

and results showed that 
primary root elongation reduced with increasing Cu 
concentrations [25]. Moreover, Thounaojam et al. 
(2012) [26] applied three different Cu 
concentrations (10, 50 and 100 μM) on rice for 5 
days. They reported that decreasing in root growth 
was observed with the increase of Cu concentration 
and duration of treatment. Results indicated that 
Cu+HBR applications alleviated Cu stress both 48 
h and 72 h. This result was concordant with 
Fariduddin et al. (2009) [27] who studied on 
Brassica juncea. They cultivated Brassica juncea 
plants with 50, 100 and 150 mg/kg Cu 
concentrations and then they applied to these plants 
in 10 10,10 8 and 10 6 M HBL (28-
Homobrassinolide). They reported that Cu reduced 
root growth but HBL application alleviated this 
stress (especially Cu50 + 10 10 HBL application). In 
another study, Choudhary et al. (2012) [4] 
supported these results. They studied the effect of 
EBR (24-epibrassinolide) on Raphanus sativus 
plants. They concluded that Cu application reduced 
root elongation by 2 fold. When compared to only 
Cu treatment, EBR increased root growth by 2 fold. 
The growth-promoting effects of BRs on seedlings 
under Cu stress may be related to the general ability 
of BRs to promote cell elongation and cell cycle 
progression [28, 29, 30]. 

We also observed that application of both low 
Cu concentration (30 μM) and high Cu 
concentration (40 μM) increased protein content 
when compared to control. Protein content analyses 
were performed only 72-hour-samples. This period 
of time might not be enough to observe Cu effect. 
Moreover, sunflowers could increase protein 

content to ameliorate this stress. Körpe and 
Aras (2011) [31] reported opposite results. They 
studied with Solanum melongena L. plants under 
four different Cu concentrations (30, 60, 120 and 
240 mg/l) and application of 240 mg/l Cu 
concentration reduced protein content. In this study, 
we used 30 μM and 40 μM Cu concentrations. 
These concentrations were lower than Körpe and 
Aras (2011) [31]. Therefore, 30 μM and 40 μM Cu 
concentrations might not be affected and even 
positively effect on protein content. Moreover, 
HBR treatment (40 μM Cu+2 μM HBR) enhanced 
protein content when compared with only Cu-
application. However, low Cu concentration (30 
μM)+HBR treatment showed different result. These 
results were supported by Poonam et al. (2014) 
[18]. They studied the role of ameliorative effect of 
24-EBL under Cu stress and concluded that Cu 
treatment lowered the protein content, while at the 
same time, application of 24-EBL improved the 
protein content. This decrease in the protein content 
under Cu stress might be possibly due to decrease 
in the metabolism of amino acids [32]. On the other 
hand, exogenous application of HBR enhanced 
protein content. This increase could be explained on 
the basis of well-documented effect of BRs on gene 
expression. Increase in the protein content was 
observed by the exogenous application of EBL 
under various metal stresses [33]. 

SOD enzyme activities increased only low Cu 
application (30 μM). On the other hand, high Cu 
concentration (40 μM) decreased SOD activity. 
Posmyk et al. (2009) [34] also analysed SOD 
activity and concluded that SOD activity increased 
in 2.5 mM Cu-treated red cabbage seedlings but 
there was no change in 0.5 mM Cu-treated plants 
when compared to controls. In another study, rice 
plants under Cu stress (10, 50 and 100 μM) were 
analysed and it was observed that SOD activities 
enhanced with increasing Cu concentrations [26]. 
Concentration and application time are important to 
observe effect of Cu on plants. We analysed 72-
hour-samples and this period might not be adequate 
to show the effect of Cu.  When compared to 
controls, CAT activities showed different results 
related to Cu concentration. Only high Cu 
concentration improved CAT activity. Depends on 
plant species and Cu concentrations, CAT activities 
might be changed. Choudhary et al. (2012) [4] 
reported that Cu stress enhanced SOD and CAT 
activities. Wang et al. (2011) [35] also concluded 
that CAT activity was improved under Cu stress. 
On the other hand, Jouili and El Feriani (2003) [36] 
found different results. They were studied with 
sunflower and showed that CAT activities 
decreased under Cu stress. In addition, there are 
studies that reported no change in CAT activity 
under Cu stress [26]. In our study, CAT enzyme 
activities were higher in Cu+HBR applications than 
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only Cu treatments. Same results were found in 
different studies [18, 27]. Increased levels of 
antioxidant enzymes with application of hormones 
result in better oxidative stress management in 
plants [3]. Some studies showed that BR also 
enhanced gene expressions of antioxidant enzymes 
[33]. In our study, expected band size (309 bp for 
SOD and 248 bp for CAT) were observed in all 
samples. Expressions of SOD and CAT were 
analysed in different studies. One of this was 
carried out by Fernández-Ocaña et al. (2011) [13]. 
They determined CuZn-SOD gene expression in 9-
days old sunflower. In another study, Pena et al. 
(2011) [14] indicated that sunflower seeds under 5 
and 10 μM Cu stress increased CAT expression. 

 
 

CONCLUSION 
 
In this study, we showed that snegative effects 

observed on sunflower roots under heavy metal 
stress (Cu) could be alleviated by HBR. Depending 
on concentrations and duration, HBR improved 
growth parameters and increased or decreased the 
level of antioxidant enzymes (SOD and CAT) 
under stress and stress-free conditions when 
compared to only Cu-treated samples. Moreover, 
SOD and CAT enzyme expression were also found 
in all samples. These findings are expected to 
contribute to understand how HBR affects 
sunflower roots grown under different Cu 
concentrations. 
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ABSTRACT 

 
An effective bibliometric analysis was used in 

this study to evaluate the global scientific production 
of hazardous waste research during the period of 
2001-2015. The data were from the databases of 
Science Citation Index Expanded (SCI-
EXPANDED), Social Sciences Citation Index 
(SSCI), Conference Proceedings Citation Index - 
Science (CPCI-S) and Conference Proceedings 
Citation Index - Social Science & Humanities 
(CPCI-SSH), retrieved from the ISI Web of Science. 
The articles related to hazardous waste were 
analyzed from the aspects including (1) the type, 
language and outputs of publications, (2) the 
publication distribution of countries and institutions, 
(3) the source titles and subject categories of 
publications, (4) the H-index, high cited papers and 
outperforming authors, (5) the frequency of author 
keywords and keywords plus. An evaluating 
indicator, global citation score, was used to 
characterize the hazardous waste publications. The 
number of publications related to hazardous waste 
held steady on the whole over the past 15 years. USA 
attained dominant positions in terms of both 
publication outputs and productive institutions, 
while PR China made great progress in recent years. 
There was still a great gap between PR China and 
USA in terms of the impact and quality of the 
publications. From the analysis of the author 
keywords and keywords plus, it can be concluded 
that heavy metal was the research emphasis over 
the study period had become the 
research hotspot in recent years. 
 
 
KEYWORDS:  

Hazardous waste; Bibliometric analysis; Web of science; 

Research trend. 

 
 
 
 

INTRODUCTION 

 
Hazardous wastes are those wastes that are 

considered harmful or potentially harmful to human 
health and/or the environment [1]. It is a special kind 
of waste, which could be toxic, flammable, explosive, 
corrosive, chemical reactive, infectious and 
radioactive [2]. According to Chinese law, hazardous 
waste is classified as three types, namely industrial 
hazardous waste, medical waste and household 
hazardous waste. 

The industrial sector is generally considered as 
the main source of hazardous and toxic material. 
Therefore in recent years, the treatment and 
utilization of industrial hazardous waste, such as fly 
ash, exhaust metallurgical dust, spent foundry sands, 
galvanic glass microspheres, and acid inertization 
salt, have been widely studied by researchers [3-6]. 

Medical waste is defined as any solid or liquid 
waste that is generated from treating human beings 
in a hospital or clinic, clinical diagnosis and 
pathological testing and medical research [7]. 
Medical waste that is not properly handled and 
disposed of represents a high risk of infection or 
injury to healthcare personnel, as well as a lesser risk 
to the general public through the spread of micro-
organisms from healthcare facilities into the 
environment [8, 9]. In consideration of the hazard 
risk and high disposal cost [10], medical waste 
management is regarded as one of the many complex 
and demanding challenges facing humanity as the 
global population swells and the demand for medical 
services increase [11]. 

In addition, the household activities have also 
produced a considerable amount of household 
hazardous waste in recent decades [12]. Especially 
with the rapid development of science and 
technology, the new products replace the older 
generations which leads to more discarded electronic 
devices, such as mobile phones [13] and e-cigarettes 
[14]. Besides, solvents, antifreeze, pesticides, oil 
based paints, batteries and unused medicines are all 
common household hazardous waste [15]. 
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Although more and more efforts were devoted 
to hazardous waste research, most of these studies 
focused on specific problems, such as its treatment 
or utilization. There were few attempts to study the 
trends of hazardous waste research by bibliometric 
method. As a method for systematic analysis, 
bibliometric method has been used to measure 
scientific progress and research trends in many 
science and engineering disciplines [16-18]. It is 
generally recognized by most historians that 
bibliometrics owes its systematic development 
mainly to Price DJD and Garfield E as founders [19]. 
Bibliometric method is considered to be effective in 
revealing historical development [20] and 
quantitative trends of publications [21] on a given 
topic. The derived statistics measuring the 
contribution of scientific publications can also be 
used to identify research hotspots for the future [22]. 
Moreover, bibliometric method offers a bridge 
function from microcosmic (journals and institutions) 
to macrocosmic (national and global) point of view 
[23]. As citation analysis can yield in many 
situations a strong indicator of scientific 
performance [24], the total global citation score 
(TGCS) and the average citation frequency of a 
publication (AGCS) have become the commonly 
used indicators in the analysis of publication trends. 
More information of publications, such as the 
distribution of author keywords, and keywords plus, 
were also presented frequently in the recent 
bibliometric studies [25, 26]. In this paper, all these 
indicators are involved. 

In this study, we aim to analyze trends of global 
hazardous waste research during the period of 2001-
2015 and summarize the predominant research 
achievements by using the bibliometric method. To 
this end, a comprehensive bibliometric analysis 
focusing on all relevant publications on hazardous 
waste in the past 15 years was performed in the 
aspects including (1) the type, language and outputs 
of publications, (2) the publication distribution of 
countries and institutions, (3) the source titles and 
subject categories of publications, (4) the H-index, 
high cited papers and outperforming authors, (5) the 
frequency of author keywords and keywords plus. 
This paper is expected to help relevant researchers 
gain more information on hazardous waste research 
and suggest the further research direction. 

 
 
 

 
 

MATERIALS AND METHODS 

 
The ISI Web of Science (WoS) published by 

Thomson Reuters is considered to be the most 
important source of data for bibliometric analysis in 
the sciences [27]. Besides sub-field databases 
Science Citation Index Expanded (SCI-
EXPANDED), Social Sciences Citation Index 
(SSCI), Conference Proceedings Citation Index-
Science (CPCI-S) and Conference Proceedings 
Citation IndexSocial Science & Humanities (CPCI-
SSH) were also used as the data sources in this 
research. The search strategy used to retrieve the 
data on hazardous waste was as follows: 

TS= (
-2015. Databases= (SCI-

EXPANDED, SSCI, CPCI-S, CPCI-SSH). The 
retrieval time was 2016.01.10. TS was referred to as 
a topic search, which meant searching in the title, 
keywords, and abstract fields of a publication. 

For the research on hazardous waste, the 
analysis of author keywords and keywords plus was 
made by using Microsoft Excel 2013, and the Global 
Citation Scores (GCS) was acquired by using 
HistCite. The information obtained from Journal 
Citation Reports (JCR) - 2015 was used to identify 
the impact factor of certain journal in 2014. 

 
 
RESULTS AND DISCUSSION 

 
Type, language and outputs of publications. 

There were totally 3,110 publications related to the 
subject of "hazardous waste" downloaded from the 
database from 2001 to 2015, from which 11 
document types were found. Articles (2,567) 
comprised 77.6% in the total production which made 
this type absolute majority. Proceedings papers (658, 
19.9%) were following behind. The others were less 
significant including reviews (168), news item (33), 
meeting abstract (31), editorial material (31) book 
review (13), book chapter (10), letter (8), correction 
(2) and biographical item (1). 

As the most popular language in the world, 
English was used to publish 3,240 papers which 
made up 97.9 % of all the publications, while other 
languages including Spanish (13), Portuguese (13), 
Polish (11), French (10), German (7) and Chinese (3) 
were used less frequently. 

The trend of publications referring to 
hazardous waste was shown in Fig.1, from which we 
can see that the annual amount of publications  
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FIGURE 1 

Trends of publications referring to hazardous 
waste 

 

 change significantly over the study period on 

the whole. In recent years (2012-2015), it even 

presented a descend trend. One possible reason for the 

drop of publications could be the global economic 

difficulties in recent years leading to a possible shift of 

research emphasis from hazardous waste to other 

topics, which might affect the scientific investment 

and the number of publications related to hazardous 

waste. 

 
Publication distribution of countries and 

institutions. The publication shares of the top 10 most 
productive countries in hazardous waste research 
ranged from 31.3% to 2.4% of 3,310 total papers 
during 2001 2015. These publications came from 
2,606 institutions in 95 countries/territories. During 
the study period, USA showed significant research 
strengths and topped the list with 1,035 papers 
(35.97 %), and PR China ranked second by 9.40% for 

311 papers, followed by Spain (173, 5.23%), UK (147, 
4.44%), and India (140, 4.23%). Canada, Turkey, Italy, 
Germany, Brazil ranked at 6 10th positions with 
publication shares ranging from 3.63% to 2.42% 
(Table 1). The growth trends of the 5 most productive 
countries were shown in Fig.2, from which we could 
observe a significant downward trend of USA and 
upward trend of PR China, and the annual amount of 
publications of the two leading countries came to the 
same in 2015. In recent years, hazardous waste 
pollution controlling has become a big challenge faced 
to Chinese environmental management [28]. On 
account of the hazardous waste issue, China is not only 
suffering from huge pressure from domestic, but also 
arousing great concerns from abroad [29]. 
Considerable efforts have been made on laws, 
regulations, investment, budget and scientific input by 
China, which lead the significant growth of Chinese 
scientific achievements in hazardous waste research. 
The other 3 countries kept steady growth on the whole. 
However, no matter in the view of a single country or 
the global state, the publication outputs presented 
descend trends after the year of 2012. 

Of the 10 most productive countries in this field, 
5 were from G7 countries (including USA, UK, 
Germany, Canada, Italy, Japan, and France) which 
were the 7 major advanced economies in the world, 
and 3 were from BRICS countries (including Brazil, 
Russia, India, China and South Africa) which were all 
deemed to be at a similar stage of newly advanced 
economic development. This fact indicated that the 
economic level and development of a certain country 
had significant positive influence on its scientific 
research outputs through increasing scientific 
investment. 

 
TABLE 1 

Publication output, share of top 10 countries in hazardous waste research, 2001 2015 
 

Country Number of papers (share of papers, %) 

01-03 04-06 07-09 10-12 13-15 Total 

USA 279 (46.19) 221 (37.52) 216 (30.25) 173 (23.60) 146 (21.79) 1,035 (31.27) 

PR China 9 (1.49) 24 (4.07) 57 (7.98) 102 (13.92) 119 (17.76) 311 (9.40) 

Spain 18 (2.98) 22 (3.74) 50 (7.00) 47 (6.41) 36 (5.37) 173 (5.23) 

UK 27 (4.47) 26 (4.41) 37 (5.18) 34 (4.64) 23 (3.43) 147 (4.44) 

India 14 (2.32) 22 (3.74) 26 (3.64) 42 (5.73) 36 (5.37) 140 (4.23) 

Canada 22 (3.64) 25 (4.24) 30 (4.20) 24 (3.27) 19 (2.84) 120 (3.63) 

Turkey 8 (1.32) 19 (3.23) 31 (4.34) 29 (3.96) 27 (4.03) 114 (3.44) 

Italy 13 (2.15) 12 (2.04) 21 (2.94) 23 (3.14) 38 (5.67) 107 (3.23) 

Germany 24 (3.97) 17 (2.89) 26 (3.64) 14 (1.91) 19 (2.84) 100 (3.02) 

Brazil 10 (1.66) 7 (1.19) 22 (3.08) 22 (3.00) 19 (2.84) 80 (2.42) 

Global 604 589 714 733 670 3,310 
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FIGURE 2 
The growth trends of the 5 most productive countries 

 
In term of the most relevant institutions 

researching on the hazardous waste field, Table 2 
showed total number of publications, global citation 
score and the AGCS of the top 25 most productive 
institutions. The result demonstrated that the US 
EPA was ranked 1st in terms of the total number of 
publications, followed by Rovira i Virgili University 
and Zhejiang University. In term of AGCS, 
University of Florida and University of Michigan 
played a dominant role in the current field, showing 
significant scientific strengths and great academic 
influence in this field. Harvard University and 
Imperial College of Science, Technology and 
Medicine ranked 3rd and 4th respectively. Among 
the top 25 most productive institutions, there were 11 
from USA and 5 from PR China. Compared to the 
results in Table 1 and Fig.2, it can be concluded that, 
although the publication outputs of PR China 
increased rapidly in recent years, there was still a 
great gap between PR China and USA in terms of the 
impact and quality of the publications. 

 
Source titles and subject categories of publication. 
A total number of 3,310 publications were published 
in 1,215 source titles. This indicated the breadth of 
publication distribution as well as the broad interest 
in this research field from various aspects. Table 3 
showed total number of publications, global citation 
score and the AGCS along with the impact factor (IF) 
of the top 10 most productive journals. The 

publications in these 10 core journals accounted for 
22% of total publications. It indicated that 
considerable amount of the authors took these 10 
journals as the most appropriate channel to publish 
their scientific achievements in the hazardous waste 
research. In consideration of data incompleteness of 
Hazardous Waste Consultant was incomplete in 
WoS, this journal was excluded from following 
analysis. Journal of Hazardous Materials and Waste 
Management were the major publication outlets 
contributing to hazardous waste research. Among 
them. Journal of Hazardous Materials also ranked as 
the top one in TGCS, which demonstrated its great 
influence. The high AGCS (over 20) demonstrated 
the high quality of the publications from 
Environmental Health Perspectives, Chemosphere, 
Science of the Total Environment, Environmental 
Science & Technology and Journal of Hazardous 
Materials. The trends of the 5 journals with the 
greatest number of publications were shown in Fig. 
3. It was noted that the peak values of Journal of 
Hazardous Materials and Waste Management both 
appeared in the year of 2009. After that, the number 
of publications in Journal of Hazardous Materials 
decreased sharply. 
Besides the well-known academic journals 
mentioned above, academic conferences also 
worked as an important platform for discussions on 
hazardous waste, such as International Conference 
on Waste Management and Technology (22), 

 

0

10

20

30

40

50

60

70

80

90

100
N

um
be

r 
of

 p
ub

lic
at

io
ns

Year

USA PEOPLES R CHINA SPAIN UK INDIA



© by PSP  Volume 25  No. 11/2016, pages 4879-4892   Fresenius Environmental Bulletin  

4883

TABLE 2 
Top 25 most productive institutes (2001 2015) 

 

Institution TP TGCS R (AGCS) Country 

US EPA 66 982 11(14.9) USA 

Univ Rovira & Virgili 45 969 5(21.5) Spain 

Zhejiang Univ 36 222 23(6.2) PR China 

CSIC 34 479 12(14.1) Spain 

Chinese Acad Sci 32 321 16(10.0) PR China 

Univ London Imperial Coll Sci Technol & Med 29 674 4(23.2) UK 

SUNY Albany 26 329 13(12.7) USA 

Univ Florida 19 567 1(29.8) USA 

Indian Inst Technol 18 165 17(9.2) India 

Tsinghua Univ 18 221 14(12.3) PR China 

Univ Colorado 18 299 8(16.6) USA 

Univ Sao Paulo 18 138 20(7.7) Brazil 

Tongji Univ 17 143 19(8.4) PR China 

Univ Calif Berkeley 17 322 7(18.9) USA 

CSIR 16 320 6(20.0) India 

Tech Univ Denmark 16 261 10(16.3) Denmark 

Univ Delaware 16 44 24(2.8) USA 

Agcy Tox Subst & Dis Registry 15 132 18(8.8) USA 

Chongqing Univ 15 13 25(0.9) PR China 

Harvard Univ 15 351 3(23.4) USA 

Texas A&M Univ 15 170 15(11.3) USA 

Univ Gdansk 15 245 9(16.3) Poland 

Middle E Tech Univ 14 87 22(6.2) Turkey 

Univ Calif Davis 14 103 21(7.4) USA 

Univ Michigan 14 417 2(29.8) USA 

TP: total number of publications; GCS: global citation score, which represents the citation frequency based on the 
full WoS count, provided by HistCite; R (AGCS): rank of average citation frequency of a publication. 
 

TABLE 3 
Top 10 most productive journals (2001 2015) 

 

Journals TP TGCS R(AGCS) IF 

Journal of Hazardous Materials 178 3,589 5(20.2) 4.529 

Waste Management 96 1,428 6(14.9) 3.220 

Hazardous Waste Consultant 90 - -   

Waste Management & Research 84 416 8(5.0) 1.297 

Chemosphere 68 1,723 2(25.3) 3.340 

Environmental Science & Technology 57 1,252 4(22.0) 5.330 

Journal of Environmental Management 43 444 7(10.3) 2.723 

Environmental Health Perspectives 38 1,294 1(34.1) 7.977 

Science of the Total Environment 37 897 3(24.2) 4.099 

Water Environment Research 37 70 9(1.9) 0.865 

TP: total number of publications; GCS: global citation score, which represents the citation frequency based on the 
full WoS count, provided by HistCite; R (AGCS): rank of average citation frequency of a publication; IF: impact 
factor, data from JCR-2015 journal impact factor of 2014. 
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FIGURE 3 

The growth trends of the top 5 journals 
 

International Conference on Waste 
Management and the Environment (21) and 
International Conference on Environmental Science 
and Technology (13). However, compared to journal 
publications, the share of relating conference 
publications was much smaller. 

In terms of subject category, 3,308 publications 
(including 2 publications without subject category 

information) covered 184 subject categories in WoS. 
A significant part of publications fell under 
environmental sciences (1,547, 46.7%), followed by 
engineering environmental (977, 29.5%), public 
environmental occupational health (264, 8.0%), 
engineering civil (262, 7.9%), engineering chemical 
(211, 6.4%). This result demonstrated that  

 
FIGURE 4 

The growth trends of the top 5 subject categories 
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FIGURE 5 

Citation distribution for the publications on global hazardous waste research 
 

environmental issue was still the most concerned in 
the research field of hazardous waste. As illustrated 
in Fig. 4, the annual amount of publications 
fluctuated slightly except for environmental sciences. 
As the major subject category, the annual amount of 
publications on environmental sciences showed an 
increasing trend on the whole, however, gradually 
descended since the year of 2009. 
 

The H-index, high cited papers and 
outperforming authors. The H-index is a tool to 
analyze the productivity and impact of the published 
work of a scientist or a group of scientists. This tool 
was first 
relative quality by Jorge E. Hirsch in 2005. This 
index is calculated based on 
most cited papers and the number of citations 
received, which means that the number of 
publications and the number of citations both have 
influence on the H-index of a scientist or a group of 
scientists. The citation distribution for the 
publications on global hazardous waste research was 
illustrated in Fig.5. From Fig.5, it can be seen that 
the H-index was 69, which meant that the 69 most 
cited papers were the core publications on hazardous 
waste research on a global scale from 2001 to 2015 

The top 10 high cited papers of hazardous 
waste research were listed in Table 4, including two 
international collaborative papers and one national 
collaborative paper. These 10 papers appeared in 9 

different journals, and had received 2719 citations, 
with an average of 271.9 citations per paper. Of the 
10 most cited papers, one paper fell under the 
citation range of 350 400, two papers fell under the 
citation range of 300 350, six papers fell under the 
citation range of 200 300, and another one paper fell 
under 150-200. 

A total of 8,546 authors involved in hazardous 
waste research in the past 15 years. Table 5, Table 6 
and Table 7 showed the top 10 most outperforming 
authors in hazardous waste research from 2001 to 
2015, including top 10 most productive authors, top 
10 authors with the highest global citation score and 
top 10 authors with the highest average global 
citation score. Domingo, JL, Schuhmacher, M and 
Nadal, M ranked as top three in both TP and GCS, 
demonstrating their significant contribution to the 
field of hazardous waste research. Besides, 
Carpenter, DO also showed good performance in 
terms of the 2 indicators. Most of the top 10 authors 
with the highest average global citation score only 
published only one paper, however their papers were 
are highly cited which showed real high quality of 
their scientific achievements. It is noted that Chinese 
authors occupied 5 positions in the top 10 list of most 
productive authors. Nevertheless, there was no 
Chinese author appearing in the latter two rankings. 
The possible reason may be that the Chinese research 
on hazardous waste started relatively late, and earlier 
studies may not take Chinese papers as references. 
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TABLE 4 
List of top 10 high cited papers on hazardous waste research (2001 2015) 

 

No. Authors Title Source GCS 

1 Dinda S Environmental Kuznets Curve  hypothe
sis: A survey 

Ecological Economics 368 

2 Bonnet E, Bour O, Odling 

NE, Davy P, Main I, et al. 

Scaling of fracture systems in 
geological media 

Reviews of Geophysics 343 

3 Evans GW, Kantrowitz E Socioeconomic status and health: The 
potential role of environmental risk 
exposure 

Annual Review of 

Public Health 

340 

4 Kabra K, Chaudhary R, Sawhney 

RL 

Treatment of hazardous organic and 
inorganic compounds through aqueous-
phase photocatalysis: A review 

Industrial & 

Engineering Chemistry 

Research 

285 

5 Sabir BB, Wild S, Bai J Metakaolin and calcined clays as 
pozzolans for concrete: a review 

Cement & Concrete 

Composites 

267 

6 Yamamoto T, Yasuhara A, 

Shiraishi H, Nakasugi O 

Bisphenol A in hazardous waste landfill 
leachates 

Chemosphere 266 

7 Jenkins KJ, Correa A, Feinstein 

JA, Botto L, Britt AE, et al. 

Noninherited risk factors and congenital 
cardiovascular defects: Current 
knowledge a scientific statement from 
the American Heart Association Council 
on cardiovasculardisease in the young 

Circulation 262 

8 Breivik K, Sweetman,  Pacyna 

JM, Jones KC 

Towards a global historical emission 
inventory for selected PCB congeners - 
a mass balance approach 2. Emissions 

Science of the Total 

Environment 

210 

9 Zhang LH, Xu CB, Champagne P Overview of recent advances in thermo-
chemical conversion of biomass 

Energy Conversion and 

Management 

204 

10 Bailey RE Global hexachlorobenzene emissions Chemosphere 174 

 
TABLE 5 

Top 10 most productive authors in hazardous waste research (2001 2015) 

Author TP GCS AGCS 

Domingo, JL 45 287 6.38  

Schuhmacher, M 37 246 6.65  

Nadal, M 29 136 4.69  

Yan, JH 27 33 1.22  

Carpenter, DO 20 68 3.40  

Falandysz, J 15 73 4.87  

Li, XD 15 18 1.20  

Jiang, XG 14 20 1.43  

Huang, CP 14 2 0.14  

Chi, Y 13 14 1.08  

TP: total number of publications; GCS: global citation score, which represents the citation frequency based on the 
full WoS count, provided by HistCite; AGCS: average citation frequency of a publication. 
 

Frequency of author keywords and keywords 

plus. Author keyword analysis can offer the 

information of research trend which is concerned by 

researchers [30]. The top 15 most frequently used 

author keywords with their rankings and global 

citation scores in each 3 year-time period were listed 

in Table 8. It is worthy of note that the author 

keywords such as "hazardous waste" and "hazardous 

wastes", "heavy metal" and "heavy metals" were 

grouped into "hazardous waste" and "heavy metal" 

respectively. Except for the keyword "hazardous 

waste" used for searching in this research, the two 
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TABLE 6 
Top 10 authors with the highest global citation score in hazardous waste research (2001 2015) 

Author TP GCS AGCS 

Domingo, JL 45 287 6.38  

Schuhmacher, M 37 246 6.65  

Nadal, M 29 136 4.69  

Pastor, M 7 119 17.00  

Morello-Frosch, R 7 83 11.86  

Agramunt, MC 6 75 12.50  

Falandysz, J 15 73 4.87  

Sadd, J 3 71 23.67  

Carpenter, DO 20 68 3.40  

de Hoogh, C 4 68 17.00  

TP: total number of publications; GCS: global citation score, which represents the citation frequency based on the 
full WoS count, provided by HistCite; AGCS: average citation frequency of a publication. 
 

TABLE 7 
Top 10 authors with the highest average global citation score in hazardous waste research (2001 2015) 

Author TP GCS AGCS 

de la Fuente, JIL 1 49 49.00  

Jensen, TK 1 45 45.00  

Hipp, J 1 36 36.00  

Malviya, R 1 35 35.00  

Gronow, J 1 30 30.00  

Hagberg, J 1 28 28.00  

Hurt, C 2 55 27.50  

Maitland, I 2 55 27.50  

Wakefield, J 2 55 27.50  

Abramsky, L 1 24 24.00  

TP: total number of publications; GCS: global citation score, which represents the citation frequency based on the 
full WoS count, provided by HistCite; AGCS: average citation frequency of a publication. 
 

most frequently used keywords were "heavy 
metal" and "leaching" which were highly related to 
the research topic. These two keywords occupied the 
positions of 2th and 3rd all over the study period. 
Heavy metals are a group of a loosely-defined subset 
of elements that exhibit metallic properties and 
mainly include the transition metals, some 
metalloids, lanthanides, and actinides [31]. Heavy 
metal toxicity can result in damaged or reduced 
mental and central nervous function, lower energy 
levels, and cause damage to blood composition, 
lungs, kidneys, liver, and other vital organs [32, 33]. 
They have attracted a great attention due to their 
toxic nature, non-biodegradability, and 
accumulation in the food chain damage the 

 in the past decades 
[34]. Hydrometallurgical methods such as leaching, 

solvent extraction or impregnated resins were 
frequently applied to recycling various heavy metals 
from their resources [35, 36]. Of these 
hydrometallurgical methods, both acidic and basic 
leaching were used for extraction and cementation of 
heavy metal, such as cadmium [37]. The extensive 
utilization of leaching led directly to the high 
frequency of its occurrence in author keywords. In 
addition, the rankings of the author keywords "fly 
ash" had notable growth from 13th in 2001-2003 to 
5th in 2013-2015, which made it the hot topic getting 
ever-increasing attention in recent years. Fly ash 
mainly refers to finely divided mineral residue 
resulting from the combustion of ground or 
powdered coal in electricity generating plant, which 
is mainly inorganic matter present in the coal that has 
been fused during coal combustion [38]. Nowadays 
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incineration process has become a vastly applied 
method for solid waste management due to its unique 
benefits of mass and volume reduction of waste and 
energy recovery [39]. A significant amount of fly ash 
can also be generated as a result of incineration 
process. Fly ash consists of very fine particles which 
provide sufficient specific surface area for 
enrichment of toxic trace elements such as Pb, Cu, 
Zn, Cr, As and Cd [40]. This factor makes fly ash a 
type of thorny hazardous waste. To address the 
problem, numbers of existing researches 
concentrated on the treatment and utilization of fly 
ash. For example, as an effective means of 
comprehensive utilization, fly ash can be used to 
prepare glass-ceramics and autoclaved construction 
materials [41, 42]. On the contrary, a decline in the 

in 2001-2003, and then declined sharply to 8th, and 
15th in 2013-2015 respectively. 

Keywords plus provides search terms extracted 
from the titles of papers cited in each new article in 
the database [43]. Table 9 showed the top 16 most 
active author keywords plus with their rankings for 
every 4-year period in the study period. Similar with 
the analysis of author keywords, -

- -

frequently used keywords plus. The same with Table 
8, the keyword "fly-ash" also had significant growth 
in Table 9. Besides, "management"

 had a remarkable growth in the 
analysis of keywords plus, which ranked 11th, 16th 
and 15th in 2001-2003, then soared to 3rd, 4th and 
6th in 2013-2015 respectively. This may be 
interpreted as the possibility that increasing attention 
had been paid to removing or stabilizing the noxious 
substances in hazardous waste, and more and more 
management methods were considered by the 
researchers. Stabilization/solidification is a pre-
landfill waste treatment process, which has been 
used for different types of hazardous wastes, but is 
particularly suited to those containing heavy metals 
[44]. For stabilization, the objective is to minimize 
the solubility and toxicity of contaminates while for 
solidification, usually matrices like cement are used 
to encapsulate the waste material in order to 
immobilize contaminates and reduce leachability 
[45]. A huge number of researches have been carried 
out for the treatment of hazardous wastes. 
Apparently stabilization/solidification is the best 
technology to be applied for the heavy-metals in 
hazardous wastes [46, 47]. In addition to technical 
means, the hazardous waste management has also 
become a major concern and efforts were made in 
order to minimize or manage the hazardous wastes 
by means of setting management policy, optimizing 
management strategy, changing the legislation 
framework, developing new infrastructures and 
more efficient and complex management networks 
[48-51]. 

 
 

TABLE 8 
Top 15 most frequency of author keywords (2001 2015) 

 

Author keyword 
TP R (GCS) 

01-15 01-03 04-06 07-09 10-12 13-15 

Hazardous waste 450 1(61) 1(78) 1(118) 1(106) 1(87) 

Heavy metal 162 2(18) 3(23) 2(39) 2(44) 2(38) 

Leaching 115 3(12) 2(24) 3(32) 3(25) 3(22) 

Waste management 74 5(10) 7(10) 6(12) 4(23) 4(19) 

Recycling 66 8(7) 5(13) 4(15) 6(18) 6(13) 

Fly ash 66 13(5) 6(12) 6(12) 5(19) 5(18) 

Incineration 52 3(12) 14(6) 12(8) 7(14) 8(12) 

Environmental justice 51 6(9) 12(7) 5(14) 13(8) 6(13) 

Waste 47 10(6) 9(9) 12(8) 9(12) 8(12) 

Landfill 46 15(2) 4(15) 9(10) 10(9) 10(10) 

Metals 41 8(7) 11(8) 8(11) 10(9) 12(6) 

Remediation 38 7(8) 9(9) 12(8) 10(9) 15(4) 

Environment 38 10(6) 14(6) 15(4) 8(13) 11(9) 

Stabilization 37 13(5) 7(10) 10(9) 13(8) 14(5) 

Lead 35 10(6) 12(7) 10(9) 15(7) 12(6) 

TP: total number of publications; R (GCS): ranking and global citation score in different period. 
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TABLE 9 
Top 16 most frequency of author keywords (2001 2015) 

 

Keyword plus 
TP R (GCS) 

01-15 01-03 04-06 07-09 10-12 13-15 

Hazardous-waste 218 1(23) 1(31) 1(41) 1(77) 1(46) 

Fly-ash 120 7(9) 3(18) 11(18) 3(31) 2(44) 

Management 119 11(7) 15(7) 2(27) 2(39) 3(39) 

Heavy-metals 108 8(8) 5(17) 9(20) 5(29) 5(34) 

Removal 102 16(2) 9(11) 7(23) 3(31) 4(35) 

Risk 95 2(19) 2(19) 3(26) 15(13) 12(18) 

Water 94 4(16) 8(12) 3(26) 7(20) 9(20) 

Hazardous-waste sites 85 3(18) 6(15) 6(24) 12(14) 15(14) 

Behavior 82 8(8) 13(9) 3(26) 7(20) 10(19) 

Exposure 78 4(16) 3(18) 12(16) 12(14) 15(14) 

Waste 76 11(7) 16(6) 9(20) 6(21) 6(22) 

Soil 71 11(7) 9(11) 15(12) 9(19) 6(22) 

Health 71 8(8) 9(11) 8(21) 15(13) 12(18) 

Dibenzo-p-dioxins 71 6(14) 14(8) 13(14) 11(16) 10(19) 

Stabilization 67 15(3) 12(10) 13(14) 10(18) 6(22) 

Impact 62 11(7) 7(14) 16(11) 12(14) 14(16) 

TP: total number of publications; R (GCS): ranking and global citation score in different period. 

 

CONCLUSION 

 
For the bibliometric analysis in the subject of 

hazardous waste, some important points on the 
research trends have been obtained throughout the 
period of 2001-2015. In total, there were 3,310 
publications downloaded from the SCI-EXPANDED, 
SSCI, CPCI-S and CPCI-SSH database in the study 
period. The following conclusions were drawn from 
this study: 

(1) Article and proceedings paper were the 
main types of publications, and English was the 
dominant language. The annual amount of 

study period on the whole. In recent years (2012-
2015), it even presented a descend trend. One 
possible reason for the drop of publications could be 
the global economic difficulties in recent years 
leading to a possible shift of research emphasis from 
hazardous waste to other topics, which might affect 
the scientific investment and the number of 
publications related to hazardous waste. 

(2) USA attained dominant positions in terms of 
both publication outputs and productive institutions. 

Of the 10 most productive countries in this field, 5 
were from G7 countries and 3 were from BRICS 
countries which indicated that the economic level 
and development of a certain country had significant 
positive influence on its scientific research outputs 
through increasing scientific investment. A 
significant downward trend of USA and upward 
trend of PR China can be observed in terms of the 
annual amount of publications. However, although 
the publication outputs of PR China increased 
rapidly in recent years, there was still a great gap 
between PR China and USA in terms of the impact 
and quality of the publications. 

(3) Journal of Hazardous Materials and Waste 
Management were the major publication outlets 
contributing to hazardous waste research. However, 
the number of publications in Journal of Hazardous 
Materials decreased sharply after the year of 2009. 
The 5 most popular subject categories were 
environmental sciences, engineering environmental, 
public environmental occupational health, 
engineering civil and engineering chemical. 

(4) The H-index of the scientists contributing to 
hazardous waste research was 69, which meant that 
the 69 most cited papers were the core publications 
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on a global scale from 2001 to 2015. The top 10 high 
cited papers appeared in 9 different journals, and had 
received 2719 citations, with an average of 271.9 
citations per paper. 

(5) The two most frequently used keywords 
were "heavy metal" and "leaching". This indicated 

was the research emphasis and 
"leaching" was widely used by researchers over the 

exhibited higher growth rates than any others, and 
were more frequently used in recent years. It implied 
that the treatment and utilization of fly ash were the 
research hotspot in the area of hazardous waste in 
recent years
and also had a remarkable growth in 
the analysis of keywords plus. This may be 
interpreted as the possibility that increasing attention 
had been paid to removing or stabilizing the noxious 
substances in hazardous waste, and more and more 
management methods were considered by the 
researchers. 
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ABSTRACT 
 

Zeolite, as one of the clay minerals, has large 
specific surface area, which has superior anion 
species adsorption capacity by ion-exchange. The 
layer at the edge of lattice plane of zeolite was 
damaged during heating process, a considerable 
amount of mesopores was created, and the increase 
of the release rate of cations in zeolite leaded to the 
rise of ion-exchange efficiency of ammonium. The 
results indicated that ammonium removal rate was 
increased initially, reached a maximum at 
intermediate temperature and holding time, then 
decreased at high temperature and overtime. The 
results of XRD and FTIR suggested that the silicate 
skeleton of zeolite was not damaged, but 020 and 
131 lattice plane was damaged with temperature 
increased. Temperature, pH and dosage were the key 
control factors in ammonium adsorption by modified 
zeolite, the optimum pH value and dosage for 
ammonium adsorption was 7 and 2 g, respectively. 
A negative interaction effects between temperature 
vs pH and dosage vs time was discovered among 
multi-variables of temperature, holding time, pH and 
dosage, and the interaction effects between others 
variables were weak. 
 
 
KEYWORDS: 
Thermal modification; Zeolite; Ammonium adsorption; 
Interaction effects 
 
 
INTRODUCTION 

 
Now the problem of entrophication because of 

excessive discharge into natural water bodies of 
nitrogen and phosphorus. Considering the 
characteristic of extensive range of rivers and lakes 
and non-secondary-pollution, the development of the 
efficient technology for ammonium removal from 
natural water bodies is a great challenge. Zeolite 
adsorption is considered as one of the most 
promising technology for ammonium removal from 
rivers and lakes. 

Zeolites are hydrated aluminum-silicate 
minerals with three-dimensional honeycomb 

structure[1, 2], which has large specific surface area 
and strong capacity of ion exchange for ammonia. 
Previous data suggested that the mechanism of 
zeolite uptake ammonium through ion-exchange. 
One or more of K+, Na+, Ca2+, Mg2+ ions is included 
in zeolite at different localities. The capability of 
cation-exchange of zeolite is related to the release 
rate of non-toxic exchangeable cations. To improve 
the exchange efficiency for ammonium by zeolite, 
previous studies have reported a range of ways, likes 
as bentonite modification[3], NaCl-modified 
zeolite[4], combination of activated carbon and 
zeolite[5], fly ashes synthesis[6], etc. Zeolites are 
hydrated aluminum-silicate minerals with a 
framework structure, alkaline cations (K+, Na+, Ca2+, 
Mg2+) are within the three-dimensional honeycomb 
structure. The release rate of cations in zeolite would 
be increased by modification zeolite, the ion-
exchanges efficiency for anionic species was 
increased with the release rate of cations increased. 
As reported in ammonium adsorption by 
bentonite[7], the layers at the edges of clay minerals 
would be damaged during the heating process, and 
the specific surface area was increased with a 
considerable amount of mesopores created. As one 
of the clay minerals, whether the crystalline structure 
of zeolite could be damaged, and a considerable 
amount of mesopores was created, meanwhile, 
whether the release rate of cations in zeolite would 
be increased with the crystalline structure damaged. 
These questions were not reported in previous 
papers. 

In this study, the effects of calcination 
temperature and time on ammonium adsorption by 
zeolite were investigated. And the change of 
crystalline structure of zeolite by heating was 
characterized by XRD and FTIR. The multi-
variables interaction effects between modification 
process and adsorption process was examined by 
response surface method. 
 

 
MATERIALS AND METHODS 

 
Materials. A natural zeolite used in this study 

was obtained from Shenzhen, Guangdong province, 
China. After ball milling, the particle size of zeolite 
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used in this study was smaller than 100 mesh (sifted 
through 100 mesh). All chemicals used in this study 
were prepared with analytical grade, and a simulated 
ammonium wastewater was prepared by dissolving 
NH4Cl in distilled water, NH4

+ concentration was 
100 mg/L. 

 
Experimental methods. The modification of 

zeolite on ammonium adsorption. To evaluate 
temperature and time on the increase of zeolite 
porosity, the effect of the thermal modification of 
zeolite was investigated. The experimental 
procedures were following. First, the natural zeolite 
was washed with distilled water three times and 
dried in an over at 60 °C for 48 h; then, the zeolite 
collected was heated in an oven at 200-700 °C for 
0.5-4 h, free cooling; thirdly, a pre-decided dose of 
modified zeolite collected in above was added into 
the simulated ammonium wastewater (100 ml); 
finally, the mixed solution was agitated for 60 min 
with 200 r/min at pH 7.0, and let it stand for about 
30 min. 0.1 mol/L HCl and 1 N NaOH was used to 
regulate pH. 

 
Effect of pH and dosage on ammonium 

adsorption. Batch experiments were carried out to 
determine the effects of pH and dosage on NH4

+ 
adsorption from the simulated wastewater by 
modified zeolite. The experiments procedures were 
similar to 2.2.1, the major difference from 
modification experiments was pH (4-9) and dosage 
(0.2-3 g), respectively, and the concentration in the 
supernate was measured after adsorption by 
modified zeolite.  

 
Multi-variables interaction effects of 

modification process and adsorption process. The 
interaction effects of calcination temperature, time, 
pH and dosage were exploited by Design-Expert 
8.0.6 (Response surface method), the level of single 
factor including temperature, holding time, pH and 
dosage was 200-700 °C, 0.5- 4 h, 4-9 and 0.2-3 g, 
respectively. Box-Behnken technique was used to 
build dimensioning model of 2 dimensional drawing.  

 
Analysis methods. The concentration of 

ammonium in the supernate was measured by 
Chinese Industry Standards (HJ 536-2009). 
Characterization of modified zeolite was performed 
with the XRD and FTIR analyzer. A Bruker AXS D8 
Advance diffractometer at 2 =5-70 ° with a step size 
of 0.02 °and Nicolet 5700 Thermo at wavenumber 
region of 400 -4000 cm-1 was carried out. 

 
 

RESULTS 
 
The modification of zeolite on ammonium 

adsorption. The effect of temperature and holding 
time on ammonium adsorption by zeolite was 

investigated, the results was showed in Figure 
1. The modified zeolite at 500 °C for different time 
was used in holding time experiments. As revealed 
in Figure 1, Ammonium removal rate was increased 
initially, reached a maximum at intermediate 
temperature and holding time, and then decreased at 
high temperature and overtime. Ammonium removal 
rate was above 62% at 600 °C for 2 h, which was 
decreased with temperature increased; similar to the 
temperature experiments, the best removal rate of 
ammonium was above 50% at 500 °C for 2 h, 
ammonium removal rate was decreased during 
further heat treatment time. Therefore, the optimal 
temperature and holding time was 600 °C and 2 h, 
respectively.  

 

 
 

FIGURE 1  
The effect of calcination temperature and 
holding time on ammonium adsorption by 

modified zeolite. 
 
 
The XRD analysis in Figure 2 revealed that the 

major crystalline phases were identified as 
clinoptilolite (KNa2Ca2(Si29Al7)O72·24H2O), the 
chemical compositions of zeolite was K+, Na+, Ca2+ 
cation and Si, Al crystal skeleton. The intensity 
changes of XRD peaks for zeolite was intact after 
heated at lower than 200 °C, while the diffraction 
intensity of 311 and 020 lattice plane (included 
others plane) significantly reduced, even 
disappeared when temperature was increased from 
200 °C to 600 °C. However, the main diffraction 
peak of 311 lattice plane was almost unchanged 
during heating. Bojemueller[7] revealed that the 
layers at the edges of bentonite would be damaged 
with heating, while the layer structure was perfected. 
As similar crystal structure of silicate, the 020, 131 
and 311 lattice plane attributed to zeolite, the 020 
and 131 lattices would be damaged at heating while 
the 311 lattice was intact. A considerable amount of 
mesopores were created with 020 and 131 lattice 
plane damaged, the adsorption efficiency of 
ammonium was increased with specific surface area 
increased. At the same time, the release rate of K+,  
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FIGURE 2  
XRD patterns for zeolite at different conditions. 

 
 
Na+, Ca2+ cation in zeolite would be increased 

with the 020 and 131 lattice plane damaged. As 
suggested by Huang and Zhang[6,8], the effect of 
competitive cations on NH4

+ removal effectively by 
ion-exchange with zeolites followed the order of 
preference as Na+>K+>Ca2+>Mg2+. Other studies 
have shown that the adsorption mechanism of 
ammonium by zeolites was ion exchange between 
the exchangeable Na+, K+, Ca2+ and Mg2+ in zeolite 
and NH4

+ in wastewater. The ion-exchange reaction 
was as following[6,7].  

 

4 4Zeolite Na / K NH Na / K Zeolite NH
2 2 2 2

4 4Zeolite Ca / Mg NH Ca / Mg Zeolite NH

 
From the adsorption mechanism of ammonium, 

it could be seen that the exchange rate between Na+, 
K+, Ca2+, Mg2+ and NH4

+ was proportional to the 
ammonium removal. While the release rate of Na+, 
K+, Ca2+, Mg2+ in zeolite was related to the crystal 
structure of zeolite. As analyzed based on Figure 2, 
the 020 and 131 lattice plane was damaged with 
temperature increased, the bond-length of Na+, K+, 
Ca2+, Mg2+ with zeolite would be increased, that was, 
the release rate of Na+, K+, Ca2+, Mg2+ in zeolite 
would be increased, ammonium exchange rate was 
increased with the release rate of cation increased. 
As showed in Figure 1, ammonium removal rate was 
increased with the increase of temperature. 
However, the crystal structure of zeolite would be 
repaired with temperature increased successively or 
holding time extended. As revealed in Figure 1, 
ammonium removal rate was increased initially, then 
decreased at high temperature and overtime. 

FTIR spectra revealed further evidence to 
support above claims (Figure 3). a wave number 
observed from near 472 cm-1 to 798 cm-1 was 

assigned to deformation vibration of OH, Al-O-Si 
and Si-O-Si groups, a wave number found near 1080 
cm-1 was due to the stretching vibration of Si-O 
groups and the peaks at about 1627 cm-1 and the 
range from 3200 cm-1 to 3650 cm-1 represented the 
deformation vibration of water and the hydroxyl 
groups of zeolite structure[9-11]. The peak of near 
1443 cm-1 was assigned to deformation vibration of 
NH4

+. As revealed in Figure 3, the silicate skeleton 
of zeolite was not damaged with the increase of 
temperature, the peaks intensity of Al-O-Si and Si-
O-Si groups was not decreased or disappeared 
(Figure 3 A and B), the results of FTIR looked pretty 
much the same in intensity and position at different 
calcination temperature. It suggested that the silicate 
skeleton of zeolite was intact with lattice plane 
damaged. The peak of deformation vibration of 
NH4

+ (Figure 3 C) showed that ammonium had 
entered into the surface or crystal lattice of zeolite by 
ion-exchange. 

 
Effect of pH and dosage on ammonium 

removal. The effects of pH and dosage on 
ammonium removal by modified zeolite were 
showed in Figure 4. The results indicated that 
ammonium removal rate increased initially, reached 
the maximum value at neutral pH, then decreased at 
alkaline conditions. The change of curve was similar 
to the reports by previous literatures[8,12,13]. The 
best pH of adsorption ammonium was 7-8 by zeolite 
at different area. However, the curve of dosage was 
different from previous studies. Ammonium 
removal rate was increased with dosage increased, 
which was decreased after reached maximum when 
the dosage was 2.0 g. It was very strange that 
ammonium removal rate was decreased when the 
dosage was overdosed. 
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FIGURE 3  
FTIR patterns for zeolite at different conditions. (A) temperature 200 °C, time 2 h; (B) temperature 
600 °C, time 2 h; (C) The precipitation of modified zeolite (600 °C, 2 h) after adsorption ammonium. 

 
 

 
 

FIGURE 4  
The effect of pH and dosage on ammonium adsorption by modified zeolite. 

 
 

The species of NH4
+ in aqueous solution was 

changed with pH increased. The change of NH4
+ in 

aqueous solution was following.  

4 3 2 3 2NH OH NH H O NH H O
 

NH4
+ was the predominant species at pH <7, 

and which would be converted to NH3 with pH 
increased[14,15]. However, the species only NH4

+ 

was involved into the ion-exchange reaction with 
zeolite. That was to say, ammonium removal 
efficiency was decreased with the amount of NH3 
increased. The NH3 species was the predominant 
type at pH>8, which was probably the reason of 
ammonium removal rate decrease at alkaline 
conditions. While H+ would be competed the 
bonding sites of zeolite with NH4

+, the amount of H+ 
ions was inversely proportional to pH value. At the 
same time, the release rate of Na+, K+, Ca2+, Mg2+ 

ions in zeolite was possible to relate with pH[16]. 
Ammonium removal rate was increased with the 
increase of the dosage, the effect was attributed to 
the increase of surface area and number of active 
sites of modified zeolite. However, ammonium 
removal rate decreased with the overdose of dosage, 
the reasons needed to be further studied. 

 
Multi-variables interaction effects of 

modification process and adsorption process. 
There were two processes in ammonium adsorption 
by modified zeolite, including modification process 
and adsorption process. The interaction effects of 
multi-variables between modification process and 
adsorption process existed in theory. The second-
order models of multi-variables were analyzed by 
response surface method (Figure 5). The levels of 
temperature, holding time, pH and dosage were 200- 
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FIGURE 5  
The two dimensional model of temperature vs time (a), temperature vs pH (b), temperature vs dosage (c), 

dosage vs time (d), pH vs time (e), pH vs dosage (f). 
 
 

700 °C, 0.5-4 h, 4-9 and 0.2-3 g, respectively. The 
results of variance analysis were showed in Table 1. 

The results of variance analysis were suggested 
that the model was significant, there was only a 
0.01% chance that a Model F-Value  this large 
could occur due to noise. The model terms were 
significant by p-value (<0.05), and temperature, pH 
and dosage were significant model terms. That was 
to say, in single-factor experiments, the effects of 
temperature, pH and dosage on ammonium 
adsorption by zeolite were significant. 

The results of second-order models of 
temperature vs time, temperature vs pH and 
temperature vs dosage were showed in Figure 5 (a, b 
and c). The results showed that the trend of 
temperature vs time and temperature vs dosage was 
almost the same, ammonium removal rate was 
decreased with temperature increased at the entire 
time and dosage, the trend of the curves was 
contradicted to single-factor experiments. And 
during the entire temperature process, ammonium 
removal rate was increased initially, reached a 

maximum value at intermediate time or dosage, then 
decreased with time or dosage increased. It was 
indicated that the interaction effects between 
temperature vs time and temperature vs dosage were 
not obvious. However, a different behavior were 
observed (Figure 5 c), a curve like a concave mirror 
was discovered. Ammonium removal rate was 
decreased firstly and increased subsequently with 
temperature increased, which declined significantly 
in low temperature, the same as pH. A negative 
effect between temperature and pH was observed, 
and a negative concentration quadratic coefficient 
was achieved (Table 1). The results showed that the 
interaction effects between temperature and pH was 
existed, but not significant. The results of the 
interaction effects between dosage vs time, time vs 
pH and dosage vs pH were showed in Figure 5 (d, e 
and f), the interaction effects between time vs pH and 
dosage vs pH were existed, but weak by similar 
analysis; while which was obvious between dosage 
vs time and a negative concentration quadratic 
coefficient was discovered. 



© by PSP  Volume 25  No.11/2016, pages 4893-4899  Fresenius Environmental Bulletin  

4898

TABLE 1  
ANOVA for response surface quadratic model 

 

  
 

   

      
      

      
      

      
      
      
      
      
      
      
      
      
      
      

      
      
      
      

 
 

DISCUSSION AND CONCLUSIONS 
 

The thermal modification of a natural zeolite to 
create a considerable amount of mesopores and 
damage the layers at the edge of crystalline structure 
for ammonium adsorption was investigated. The 
results showed that ammonium removal rate was 
increased initially, reached a maximum value at 
intermediate calcination temperature and time, then 
decreased at high temperature and overtime. The 
results of XRD and FTIR was suggested that the 
silicate skeleton of zeolite was not damaged, but the 
layers was damaged, like as 020 and 131 lattice 
plane. The optimum pH value for ammonium 
adsorption was 7, and the best dosage was 2 g. 
Temperature, pH and dosage were the key control 
factors in ammonium adsorption. A negative 
interaction effects between temperature vs pH and 
dosage vs time was discovered, and the interaction 
effects between others variables were weak.  
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ABSTRACT 

In order to illuminate the characteristics of 
excreting alkaline phosphatase (AP) by 
cyanobacteria and verify the feasibility of alkaline 
phosphatase activity (APA) as the indicator of 
soluble reactive phosphorus (SRP) deficiency, daily 
investigation in situ was conducted during a 
complete process of cyanobacterial bloom in the 
Xiaojiang River, a tributary of Three Gorges 
Reservoir. Changes of phytoplankton communities, 
SRP, chlorophyll a (Chl a), physic-chemical 
parameters and APA were screened. The complete 
process of cyanobacterial bloom could be divided 
into two stages. In the bloom stage, Microcystis sp. 
dominated the phytoplankton communities, water 
temperature (WT), dissolved oxygen (DO) and the 
total APA (APAT) kept a high level and Chl a 
displayed an ascending trend and reached the peak. 
APA  occupied the main proportion of the total 
APA (APAT) and showed the significant positive 
relationship with SRP (p<0.05). In the bloom 
decaying stage, the predominant species was 
Anabaena sp., the values of WT, DO, Chl a, APAT 
and APA  declined and lower than that in the 
bloom stage; APA  still occupied the main 
proportion of APAT and showed the significant 
negative relationship with SRP (p<0.05). It was 
proved that AP was mainly excreted by 
phytoplankton and there were at least two different 
AP excreting mechanisms in cyanobacteria, APA 
was not reasonable treated as the indicator of SRP 
deficiency when Microcystis sp. dominated the 
phytoplankton communities. 

 
 

KEYWORDS: 
alkaline phosphatase activity; cyanobacterial bloom; 
phytoplankton; soluble reactive phosphorus 

 
 

INTRODUCTION 

Eutrophication has become one of major 
concerns due to the harmful effects of nutrients 
enrichment on natural aquatic ecosystem [1, 2]. 

Nitrogen (N) and phosphorus (P) over-enrichment 
accelerates eutrophication in aquatic ecosystems and 
has promoted algal blooms [3, 4]. The widely 
accepted paradigm on nutrient limitation assumes 
that N is the limiting nutrient for primary production 
in marine ecosystems, whereas P is the limiting 
factor for primary production in freshwater 
ecosystem [5]. Due to inorganic phosphate (Pi) is 
available for phytoplankton directly, Pi has been 
paid more attention in the relationship between P 
and phytoplankton. Phytoplankton employs various 
enzyme systems hydrolyzing dissolve organic 
phosphorus (DOP) to dissolved inorganic 
phosphorus (DIP) [6]. Among the series of enzymes 
that may be involved in the phosphorus cycle, 
alkaline phosphatase (AP) has been the most 
common research object in many studies. AP can 
hydrolyze phosphomonoesters to the bioavailable 
phosphate at alkaline condition [7]. AP has been 
suggested as an indicator of P deficiency in both 
algal cultures [8] and natural phytoplankton 
populations [9]. However, that phytoplankton 
produce phosphatase species-specific makes APA 
limited as a general indicator for P deficiency in the 
freshwater ecosystem. 

The enzyme-labelled fluorescence (ELF) 
technique was used to localize phosphatase on cell 
membrane and chlorophyte, dinoflagellate and 
diatom were proved to be phosphatase-positive, 
cyanobacteria were phosphatase-negative [10]. 
Another example of the heterogeneity of AP 
excreting comes from the recent genome sequences 
of picocyanobacteria and diazotrophs, in which 
some genomes indicate a capacity for hydrolysis of 
phosphomonoesters, while others do not own this 
capacity [11]. On the other hand, Microcystis 
aeruginosa, a typical predominant cyanobacterial 
species, has been proved to produce AP under P 
deficient condition [12]. It could be concluded that 
there is still controversial on the abilities of 
excreting AP in cyanobacterial cells. Further 
evidence should be obtained to illustrate the AP 
excreting mechanism in cyanobacteria. Screening 
the dynamics of APA during the cyanobacterial 
bloom could provide the optimal opportunity to get 
insight into the APA in cyanobacteria. 
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As the largest deep river-type reservoir, the 
Three Gorges Reservoir (TGR) encountered the 
serious eutrophication, water bloom occurred 
frequently in its tributaries since the first 
impoundment in 2003. Xiaojiang River, a tributary 
of the TGR, is seriously affected by cyanobacterial 
bloom [13], which occurred every year [14, 15]. 
Though a lot of studies on water blooms have been 
carried out in the tributaries and bays of the TGR, 
dynamics of water bloom and its relationships with 
environmental factors have been screened [16], up to 
date, little information on the AP excreting 
characteristics during the cyanobacterial bloom 
could be obtained.  

In order to illuminate characteristics of AP 
excreting in cyanobacteria, daily investigation in 
situ was conducted during a complete cyanobacterial 
bloom from 8 May to 6 June 2015 to screen the 
dynamics 
SRP, Chl a and APA  in the Xiaojiang River. 
Dynamics of APA during the cyanobacterial bloom 
and its relationship with phytoplankton community 
were illustrated in this study. It was the first time to 
demonstrate the different AP excreting mechanisms 
in Microcystis aeruginosa and Anabaena sp.. 

 
 

MATERIAS AND METHODS  

Study site and sampling. Xiaojiang River, one 
of the tributaries located in the central part of the 
TGR, originates from Kaixian and enters the 
Yangtze River in Yunyang County, Chongqing 
Municipality ( -

- ). After the impoundment of the 
TGD to the water level of 156m in 2006, Xiaojiang 
River became a typical bay with nearly 180 km 
length from the estuary to the upstream. Its 
watershed area is 5172.5 km2 (Fig.1). 

 
FIGURE 1 

Maps of the location of the Three Gorges 
Reservoir Region, and the sampling sites in the 

Xiaojiang River 
 
Three sampling spots were set: QM (31° 7' 

57.2988"N,108° 37' 18.879"E; upstream), SJ (30° 
58' 33.0708"N,108° 41' 50.5572"E; midstream) and 

HK (30° 56' 8.7858"N,108° 41' 4.4442"E,eatuary) 
from upstream to downstream. Stratified water 
sampling was conducted at depths of 0.5 m, 2.0 m 
and 5.0 m with a Van Dorn sampler from 8 May to 
15 May continuously, at 1 or 2-day intervals from 17 
May to 24 May, and then on 6 June. The following 
parameters were determined simultaneously at each 
sampling site in the field: WT and DO were 
measured with Eureka Manta 2 multiparameter 
system (USA); water transparency (SD) was 
measured with a Secchi disk. Samples for 
quantitative phytoplankton analyses were fixed with 
neutral Lugol's solution, and concentrated after 48 h 
sedimentation [17]. 

 
Measurement of SRP, Chl a and 

phytoplankton quantification. The concentrations 
of SRP were measured after all water samples were 
filtered through pre-washed filters (Whatman GF/C, 
glass microfiber filters). Concentration of SRP was 
determined according to the standard methods [18]. 
Chl a was measured using the acetone extraction 
method [18]. Water samples used for Chl a 
measurement were filtered with Whatman GF/C 
filter, then the residuals on the filter were extracted 
using 90% acetone solution in the darkroom for 24 h 
at 4°C, the absorbance was measured at 
630,645,663,750nm in 1cm path-length glass 
cuvettes. Phytoplankton was quantified using a light 
microscope (Olympus BX41) at 400× 
magnification. Phytoplankton species were 
identified according to Hu and Wei [19] and John 
DM et al [20]. 

 
Measurement of APA. APA in water samples 

was determined spectrophotometrically using a 
modified procedure [21]. A total of 2.0 ml water 
samples were supplied with 1ml 0.05M Tris-HCl 
buffer (pH=8.5) and 2.0 ml 0.3mM 
p-nitronphenylphosphate(p-NPP) as substrate, 
subsequently, 0.1ml 0.1M NaOH was added into the 
mixture after 4h incubated at 37 .The release of 
p-nitrophenol from p-nitronphenylphosphate was 
determined by absorbance at 410nm using a 
spectrophotometer (TU-1810), and APA was 
calculated in nmol·L-1·min-1. APA was determined 
in unfiltered water (APAT) and water samples 
filtered through 0.45  (dissolved alkaline 
phosphatase activity) 
(APA  and APA , respectively). The 
coarse fraction derives mainly from algae 
(APA ) and the finer fraction mainly derives 
from bacteria and picoplankton (APA0.45- ) were 
calculated as follows: APA = APAT

APA , APA0.45- = APA APA  
[22]. 

 
Statistical analysis. Statistical analysis was 

carried out using the SPSS 13.0 package. 
Non-parametric correlation (Spearman) analyses  
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FIGURE 2 

Fluctuations of Chl a (A) and transparency (B) in the Xiaojiang River during  
the process of cyanobacterial bloom 

 
 

 

 

 
FIGURE 3 

Temporal and spatial variations of water temperature (WT) and dissolved  
oxygen (DO) during the period of cyanobacterial bloom. 
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were employed for determining relationship 
between APA  and SRP. Variance analysis 
(one-way ANOVA) was employed for compare 
means. Water temperature and dissolved oxygen 
contours were completed by Surfer 8.0.  
 
 
RESULTS 

Variations of physi-chemical parameters. 
The obvious fluctuation of transparency and Chl a 
were shown in Fig.2. The concentration of Chl a 
fluctuated more frequently, it ranged from 3.4328 to 
239.7282 g/L. The peaks were detected on 13 May, 
15 May and 21 May. Chl a displayed an ascending 
trend from 8 May to 21 May, the peak value 
appeared in site HK. Chl a declined gradually from 
22 May to 6 June and the peak value appeared in site 
SJ. Transparency declined linearly from 8 May to 21 
May. The peak reached 180cm on 8 May, and then 
declined to the minimum value to 25cm on 21 May. 
From then on, the transparency gradually recovered 
to the 130cm on 6 June. There were not significant 
differences between different sampling sites 
(p>0.05). 

Although distinct change of WT depth profiles 
the investigation, the 

values at depth 0-5.0 m were significant higher than 
that at depth 5.0-10.0 m. During the bloom period 
from 8 May to 21 May, the WT peaked on 13 May, 
15 May and 21 May. The DO values were steadily 
declining downward from surface in QM and SJ. 
The maximum values of DO were also present when 
both Chl a and WT peaked. When stepped into the 
bloom decay stage, DO was then decreased 

gradually. 
Consequently, the complete bloom cycle can 

be classified into two stages with generalized 
transparency and Chl a variations: (I) bloom stage, 
from 8 May to 21 May; (II) bloom decaying stage, 
from 21 May to 6 June. 

 
The phytoplankton community structure. 

Total 44 algal genera were identified, among which 
9 genera were belonged to cyanobacteria. The total 
algal cell density varied from sites to sites 
significantly (p<0.05). The peak was 1.6.
108cell/L,1.41 109cell/L and 3.1 108cell/L in 
HK,SJ, QM, respectively. The cell density in site SJ 
was significant higher than other two sites. The 
midstream area was absolutely the serious water 
bloom area according to Chl a concentration and cell 
density. Microcystis sp. was the predominant 
species at first. It occupied nearly 61.4% of the total 
cell density of cyanobacteria during the bloom stage 
from 8 May to 21 May, and then decreased sharply 
to 22.7% during the bloom decaying stage. When the 
bloom came into the decaying stage, the dominant 
species changed from Microcystis sp. to Anabaena 
sp., Anabaena sp. occupied 53.4% of the total cell 
density. At June 6, the percentage of cyanobacteria 
to the total cell density was only 22% (Fig.4.A, B 
and C.). As time went by, an increase in 
cyanobacteria diversity and a decline in cell density 
followed. Most of the phytoplankton distributed at 
depth 0.5m and 2m. They constituted nearly 84.4% 
of the total cell number (Fig.4D). Higher diversity 
in all sites occurred at depth 2.0 m. 

 

 
FIGURE 4 

Variations of cyanobacterial composition in all sites (A: estuary, B: midstream, C: upstream) 
and the percentage of cell density at depth 0.5m, 2m and 5m to total cell density(D). 
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Variations of SRP and APA. SRP 
concentrations varied widely from 0.001 to 
0.2897mg/L. The peak appeared at the beginning of 
the bloom in site SJ on 9 May. The concentrations 
fluctuated frequently and kept high levels at the 
beginning of the bloom stage, and then declined 
gradually at the end of the stage. When came into the 
bloom decaying stage, the SRP concentrations 
tended to increase gradually. The average SRP 
concentrations in site HK were significantly higher 
than other two sites during the bloom period 
(p<0.05). Similar variations of APAT were present. It 
varied from 8.225 nmol/ (L·min) to 43.28 
nmol/(L·min) The peak appeared at depth 2.0 m in 
site HK on May 11. It also presented a fluctuated 
tendency at the beginning of the bloom stage, and 

then kept low levels at the end. APA made a 
greater contribution to APAT, whereas the average 
APA are significantly higher than APA0.45-  
(p<0.05). The average APA accounted for 21% 
of APAT and APA0.45-  accounted for 12%. 
APA tended to change at the same time with the 
changing of SRP concentration at depth 0.5 m,2.0 m 
and 5.0 m throughout the investigation period. The 
peak (34.27 nmol/ (L·min)) also appeared at depth 
2.0 m in site HK on May 11, and it was undetectable 
at depth 2.0 m in site SJ on May 24. Similar variation 
trends of SRP and APA were present at depth 
0.5 m and 5.0 m in all the sampling sites during the 
bloom period. At depth 2.0 m, the SRP and 
APA exhibited opposite trend (Fig.5). 

 
FIGURE 5 

Fluctuations of SRP and APA  during the complete bloom period in all sites  
(A: estuary, B: midstream, C: upstream). 

 

  
FIGURE 6 

Relationships between SRP concentrations and APA  at depth 0.5 m and 5.0 m  
in all sites(A),at depth 2.0 m in site QM(B). 
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Concentrations of SRP and APA  were 
compared in all sites and there were no a significant 
relationship. But a significant positive relationship 
at depth 0.5 m and 5.0 m was found in all sites 
(r=0.245, p<0.05, n=77; Fig.6A). The level of 
APA  is negative related to the concentrations of 
SRP at depth 2.0 m in site QM (r=-0.616, p<0.05, 
n=12; Fig.6B).  

 
 

DISCUSSIONS 

Among the numerous freshwater genera that 
are capable of forming water blooms, cyanobacteria 
are the most notorious and widespread bloom 
formers. The frequent cyanobacterial blooms owe to 
a lot of biotic and abiotic factors. For example, the 
specific phycobiliprotein of cyanobacteria confer its 
advantages in absorbing the green and blue light that 

 [23]. Besides these, 
the gas vesicle of cyanobacteria functions in 
regulating buoyancy to obtain appropriate light and 
adequate nutrients. This adaptation feature makes 
cyanobacteria taking an advantage over other algal 
species [23]. Nowadays, most studies about the 
bloom formation mechanism focused on the 
relationship between nutrients and cyanobacteria 
growth. It has been proved that the input of the 
nutrient especially phosphorus will result in the 
species composition evolution towards the 
cyanobacteria-dominated community [24]. 
Moreover, Kwon et al. found that APA and 
phosphatase hydrolyzed P supplemented SRP and 
thus contributed to the dominance of bloom species 
[25]. One of the explanations of the dominance of 
Microcystis sp. may result from the specific 
strategy of phosphorus utilization. The efficient 
strategy of utilization the phosphorus confer 
cyanobacteria the advantage in competing with other 
species. 

Microcystis sp. can store SRP in the form of 
polyphosphate bodies when SRP enriched in the 
water column, the polyphosphate bodies could play 
a critical role when SRP was deficient, which help 
Microcystis sp. to overcome SRP limitation [26]. It 
was demonstrated that the ability to accumulate 
polyphosphate for M.aeruginosa in the dark and 
negative redox potential may be of considerable 
advantage in the low-light, organically rich, and 
low-redox habitats [27]. The luxury strategy of 
Microcystis sp. utilizing the phosphorus goes 
against with the induction-  
that refers to the inverse proportion of APA to SRP 
concentration [28]. It was consistent with this study 
that a significant positive relationship between SRP 
and APA  at depth 0.5 m and 5.0 m were present.  
Another research demonstrated that M.aeruginosa 
can excrete AP, and the growth of M. aeruginosa 
was restrained when SRP concentration was below 

0.2mg/L [12]. This complex and flexible P 
acclimatation strategy give Microcystis sp. an 
advantage in SRP competition over other algal 
species. The water residence time has an important 
influence on P cycling, where rapid flushing time 
may decouple effects on APA and SRP [29]. Besides, 
APA  can be liberated into the environment 
through the lysis of dead phytoplankton cells and 
from cells damaged by zooplankton grazing. Due to 
APA  occupied the main proportion of APAT 

(25.1%), it could be deduce that phytoplankton was 
the main contributor of AP. Then, due to Microcystis 
sp. dominated the phytoplankton in the bloom stage, 
the average APA  kept higher level (5.05 nmol/ 
(L·min)) than in bloom decaying stage (2.97 nmol/ 
(L·min)). It was concluded that Microcystis sp. 
could excrete AP. It was deduced that different SRP 
utilization strategy was used by Microcystis sp. at 
the same time to maintain the bloom status, which 
was the reason why the -
mechanism stage at 
depth 0.5 m and 5.0 m.  

It is known that Microcystis grow better than 
Anabaena in nonlimited phosphorus conditions [30]. 
Besides, studies showed that phosphorus 
concentration never limited Microcystis growth and 
the model suggests that phosphorus was an 
important limiting factor for Anabaena development 
[31]. It has been proved that Anabaena sp. can 
excrete AP to compensate the SRP deficiency in 
laboratory, ponds and reservoir [8, 32-33]. 
Difference of P utilization in Microcystis sp. and 
Anabaena sp. was also observed in this study. As the 
percentages of Microcystis sp. declined and 
Anabaena sp. dominated at depth 2.0 m in the bloom 
decaying stage, the excreting abilities of AP from 
Anabaena sp. played an important role in acquiring 
the phosphorus than Microcystis sp., and the 

-  occurred at depth 2.0 m. It 
could be inferred that Anabaena sp. owed only APA 
excreting strategy when it encountered the SRP 
deficiency. 

Cyanobacterial blooms and their detrimental 
effects on water quality have become a worldwide 
problem. Therefore, a lot of indicators were desired 
for a better understanding of cyanobacterial bloom. 
Among them, Chl a has been treated as an index of 
the productivity and trophic status. Besides Chl a, 
other environmental factors, such as transparency, 
WT and DO can also affect the degree of trophic 
status [34, 35]. In this study we divided the complete 
bloom into two stages according to the variations of 
Chl a, WT and DO. The significant differences of 
Chl a, WT and DO could be observed between the 
two stages (p<0.05). The dynamic of APA  were 
affected by the dominant species during the 
cyanobacterial bloom. At the beginning of the bloom 
stage, the Microcystis sp. dominating the 
phytoplankton community. It occupied 74.2% of the 
total cell number of cyanobacteria and APA  
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occupied 33.9% APAT. When SRP exhausted later, 
Microcystis sp. occupied nearly 54.2% of the total 
cell density and APA occupied 18.5% APAT, 
which meant Microcystis sp. could excrete AP to 
compensate the SRP deficiency. In the bloom 
decaying stage, the decay of Microcystis sp. was 
reflected by the percentage of Microcystis sp. 
declined from 61.4% to 22.7% of the total cell 
density, and Anabaena sp. dominated in the 
phytoplankton community. Meanwhile, the 
APA  decreased from 5.05nmol/ (L·min) to 2.97 
nmol/ (L·min). The lower level of APA in the 
bloom decaying period when the percentage of 
Microcystis sp. decreased also proved that 
Microcystis sp. could excrete AP to compensate the 
SRP deficiency besides the luxury strategy. The 
higher APA  in estuary during the bloom stage 
could also be explained by the higher percentage of 
Microcystis sp. It could be concluded that the 
dynamics of APA  was related to the dominated 
species and its SRP utilizing strategies. 

 
 

CONCLUSIONS 

The complete process of water bloom could be 
divided into two stages: the bloom stage and the 
bloom decaying stage. The dynamic of APA  
during the two stages were affected by the dominant 
species and its specific strategies of phosphorus 
acquisition. The positive relationship between 
APA  and SRP when Microcystis sp. dominated 
the phytoplankton community proved another P 
accumulate method by excreting extracellular AP in 
cyanobacteria besides by the formation of 
intracellular polyphosphate bodies , the negative 
relationship between APA  and SRP when 
Anabaena sp. dominated the phytoplankton resulted 
from the ability of excreting AP.  
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ABSTRACT 

Rainy environment in south China affected Sb 
release from smelting slag significantly. Dynamic 
simulation leaching tests were conducted to 
investigate the influences of rainfall pH, rainfall 
duration and rainfall intensity on Sb release 
characteristics. Mechanism and release kinetics in 
leaching process were discussed and analyzed. 
Rainfall pH exhibited significant effect on Sb 
release. Sb release content and rate were both 
maximum when rainfall pH was 7.0, 1.8 times 
higher than that at pH of 4.0. Sb release content 
increased then decreased and increased finally with 
the prolonging of rainfall duration. In the rainy and 
mostly persistent rainfall south China, Sb release 
content from smelting slag was bound to increase 
and result in growingly serious pollution to 
surrounding water and soil environment. Sb release 
content at low intensity of rainfall was more than 
that at high intensity rainfall. Physical and chemical 
effects contributed to Sb release in leaching process. 
Elovich model was reliable to characterize the 
release kinetics and describe Sb release in leaching 
process with high significance. 
 
 
KEYWORDS: 
rainfall in south China; antimony (Sb); antimony mine 
smelting slag; release characteristics 
 

 
INTRODUCTION 

Antimony (Sb) is a kind of widely used while 
toxic heavy metal element. Sb is an emerging heavy 
metal contaminant globally, causing chronic 
toxicity and carcinogenicity to human [1]. Word 
Health Organization prescribes that the daily intake 
of antimony is limited to 0.86 g/kg [2, 3]. 
Wantonly exploration of antimony mine was getting 
more serious in recent years due to the growing 
demand for antimony. The antimony deposit in 
China mainly concentrated in southern region. The 
antimony content in the soil of Hunan, Guangxi and 
Guizhou province were more than 2.0 mg/kg [4]. 

Massive mining of antimony deposit was bound to 
result in that large amount of waste containing Sb, 
such as smelting slag and tailings et al, were piled 
up in the open [5]. More rain was in south China 
and rainfall was usually acidic. Sb in the waste was 
eroded by the rainfall and released to the soil and 
water body near the mine district, causing 
increasing Sb pollution to water environment and 
even to human health [6, 7]. Recently, the research 
on heavy metal leaching under erosion of rainfall 
focused on the variations of morphology and 
characteristics of the waste and the establishment of 
model to predict leaching amount, without 
analyzing the influence of the factors on heavy 
metal release in actual rainfall process [8-10]. For 
example, effect of ore granularity on leaching 
characteristics and the migration law between soil 
and plant of heavy metal in tailing [11]. Nakamaru 
studied the migration of Sb in the farmland and 
factors affecting adsorption of Sb [12]. Modeling 
and prediction of Cr leaching content were studied 
based on static and dynamic leaching test [13]. 
Moreover, the promotion effect of ultrasound was 
assessed in Sb leaching from antimony-rich 
oxidizing slag [14]. 

In this study, simulated leaching test of 
smelting slag was conducted. Rainfall pH, duration 
of rainfall and rainfall intensity were investigated to 
analyze the influence of rainfall type on leaching 
amount in actual rainfall process. Smelting slag 
samples were collected from Daxing antimony 
mine (Lengshuijiang, Hunan), the largest antimony 
deposit in the world. Erosion mechanism was 
discussed and kinetic model was established, 
providing theoretical basis for prevention and 
control of pollution in mine region. 

 
 

MATERIALS AND METHODS 

Materials. Smelting slag samples were 
collected from Daxing antimony mine 
(Lengshuijiang, Hunan), and obtained in the recent 
blast furnace slag heap. Antimony ore was smelted 
with pyrometallurgical method, constituting crude 
and refining steps. Crude antimony was obtained by 
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the desulfurization and oxidation of antimony 
sulfide at high temperature. Crude antimony was 
antimony oxide with impurity of arsenic, lead and 
so on. Antimony was refined by removing arsenic 
with pyrometallurgical method by adding alkaline 
solution and aeration at high temperature. Arsenic 
was oxidized by oxygen gas in alkaline solution to 
form sodium arsenate, separated from antimony. 
Considering the difference of slag heap density, 
humidity and Sb content, sampling was uniform. 
Slag samples were smashed and then sieved (2.0 
mesh) into uniform particle size. The simulated 
rainfall was deinoized water. Acidic rainfall was 
synthesized with the mixture (6:1, by volume) of 
H2SO4 and HNO3. Alkaline soaking rainfall was 
simulated with NaOH solution. 

 
Experimental apparatus and producers. 

Leaching apparatus consist of dynamic leaching 
column, peristaltic pump and sampling bottle (Fig. 
1). Leaching column was cylindrical Plexiglas 
reactor with an internal diameter of 100 mm and 
height of 500 mm. A 50 mm quartz sand (size 
0.6-1.0 mm) were above on the slag samples to 
guarantee the uniform of rainfall distribution. The 
bottom of the leaching column was packed with 
non-woven fabrics to avoid outflow of slag samples. 
A series of leaching columns were conducted 
simultaneously. Sample amount in the each 
leaching column were 600 g. In the experiment 
investigating the influence of pH, pH of rainfall 
was adjusted to 2.0, 4.0, 5.6, 7.0 and 8.0 
respectively. Leaching test lasted for 12 d with the 
daily rainfall amount of 600 mL. The Sb content 
and electroconductivity of the leachate were 
monitored. 

 

 
FIGURE 1 

Schematic diagram of the leaching test 
 

Leaching rate was constant at 100 mL/h in the 
tests to analyze the influence of rainfall duration. 
Daily leaching durations were set as 4 h, 6 h, 8 h 
and 12 h respectively. Total leaching solution was 
5559.75 mL (calculated from Eq. (1)). Then the 
leachate was collected and Sb content was 
measured.  

 
20.5 5 141.65 5559.75TQ Ah  (1) 

Where QT is the total leaching solution (mL), 
 is conversion coefficient (set as 0.5), A is the 

bottom area of leaching column (cm2), h is local 
average annual rainfall (cm). 

Leaching rate was regulated from peristaltic 
pump to inspect the effect of rainfall intensity on 
leaching characteristic. Four leaching columns were 
conducted simultaneously with leaching rate of 
40mL/h, 60 mL/h, 80 mL/h and 100 mL/h 
respectively, equivalent to light rain, moderate rain, 
heavy rain and storm in actual rainfall process. 
Daily addition amount of leaching solution was 684 
mL for each leaching column. 

 
Analytical methods. Sb content in leachate 

was measured with flame-graphite furnace atomic 
adsorption spectrometer (ZEEnit700) [15]. pH was 
monitored with acidometer (PB-10). 
Electroconductivity was determined with 
electroconductivity meter (DDBJ-350). Sb daily 
leaching content was calculated from the following 
equation: 

M

CQ
A  (2) 

Where A is daily release content, Q is the 
volume of daily leachate, C is Sb concentration in 
daily leachate, M is the weight of smelting slag 
sample. 

 
 

RESULTS AND DISCUSSION 

Effect of rainfall pH on Sb release. Sb 
release amount and rate were both maximum when 
rainfall pH was 7.0 (Fig. 2). The maximum Sb 
concentration in leachate was 69.24 mg/L at the 
third day. The Sb release amount and rate at 
different pH in descending order was 7.0 > 5.6 > 
2.0 > 8.0 > 4.0. The maximum release amount was 
only 38.41 mg/L at pH 4.0. 
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FIGURE 2 

Sb concentration in leachate 
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Smelting slag was complex, consisting of both 
failed-smelted antimonite and Sb-basic compounds 
produced in the smelting process. Antimonite and 
Sb-basic compounds hydrolyzed into leachate 
under the erosion of leaching solution. Both weak 
acid and weak base inhibited the hydrolysis of 
antimonite, reducing Sb release content. Weak acid 
neutralized the alkaline in Sb-basic compounds, 
accelerating hydrolysis in leaching process [16]. 

Sb release content increased in the initial 
period and then decreased at all rainfall pH. The 
results indicated that rainfall pH affected Sb release 
content while had no influence on Sb release trends. 
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FIGURE 3 
Change of pH and electroconductivity in 

leachate 
 

pH of leachate fluctuated at neutral and weak 
alkaline range regardless of the initial rainfall pH 
(Fig. 3a). Alkaline solution was added in fine 
smelting process to get rid of arsenic impurities, 
which produced a part of alkaline soaking smelting 
slag. Alkaline radical released in leaching process. 
Leachate pH at rainfall pH of 2.0 and 4.0 were 
lower than at 5.6, 7.0 and 8.0, suggesting that 
alkaline scoured down from slag sample neutralized 
the acid in leaching solution. 

Electroconductivity of leachate maintained at 

high level at initial period, and then decreased 
rapidly after second day (Fig. 3b). 
Electroconductivity stabilized at late stage. Soluble 
minerals and salts adsorbed on slag surface 
dissolved in leachate at the initial stage, resulting in 
the rapid increase of electroconductivity. Ion release 
was due to the erosion and oxidation of slag. The 
low oxidation rate caused the decline of 
electroconductivity after second day. Then the 
oxidation rate maintained at a low level and 
electroconductivity was stable. Ion in smelting slag 
released faster at lower rainfall pH. 

 
Effect of rainfall duration on Sb release. 

Effect of rainfall duration on Sb release content was 
shown in Fig. 4 and table 1. Rainfall duration 
affected Sb release content dramatically. Sb release 
content increased then decreased and increased 
finally with the prolonging of rainfall duration. The 
maximum Sb release content reached 117.92 mg/kg 
at rainfall duration of 6.0 h. The release content was 
lowest (71.36 mg/kg) when rainfall duration was 
8.0 h. Daily erosion to sample strengthened as the 
increase of rainfall duration. More time of 
antimonite in smelting slag oxidized by leaching 
solution resulted in the increase of Sb leaching. The 
collapse of pores under the erosion of leaching 
solution at the rainfall duration of 8.0 h reduced the 
contact area with leaching solution and air, which 
may be the reason for the decrease of Sb release 
content. Leaching solution and air eroded deeper 
layer of slag when further prolonging rainfall 
duration. Oxidation effect continued and release 
content increased. In south China with more rainfall, 
increasing rainfall eroded Sb into the soil and water 
environment near the slag heap, causing series 
pollution. 
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TABLE 1 

Cumulative release amount of Sb in smelting slag under different rainfall duration 

Duration 
(h) 

Sb release content (mg/kg) 
1 2 3 4 5 6 7 8 9 10 11 12  

4.0 
6.
33 

7.36 8.15 7.86 
10.0
9 

9.18 7.13 8.25 9.32 
10.2
3 

8.2
5 

7.2
3 

99.35 

6.0 
8.
62 

10.4
9 

13.0
7 

13.8
1 

16.3
0 

15.1
1 

13.5
7 

12.3
6 

14.5
9 

0 0 0 
117.9
2 

8.0 
11
.8
0 

8.74 7.50 7.22 
12.5
2 

10.0
0 

13.5
8 

0 0 0 0 0 71.36 

12.0 
19
.6
4 

20.5
6 

23.9
6 

23.5
6 

25.6
3 

0 0 0 0 0 0 0 
113.3
5 

 

Effect of rainfall intensity on Sb release. 
Souring and erosion effect enhanced when rainfall 
intensity increased. Metal ions and salts attached on 
the slag were more readily to be oxidized into water 
and soil. When total rainfall was constant, higher 
rainfall intensity shortened the rainfall duration. 
Shortened contact and erosion time reduced release 
content. Opposite effect worked when total rainfall 
was constant. Therefore, analyzing the effect of 
rainfall intensity on release content was of 
significant importance.  

Sb release content was the most at light rain 
among all the rainfall types (Fig. 5). Erosion rate 
was higher when rainfall intensity was lower in 
actual rainfall process, assuming the same rainfall 
and ignoring the runoff effect during rainfall. Sb 
was more readily to be released under low rainfall 
intensity. The results demonstrated that oxidation of 
heavy metal by rain and air was the dominant effect 
for heavy metal release when the slag heap was 
eluviated by rainfall or snowmelt, while scouring 
effect of runoff contributed little to the release of 
heavy metal. 

pH of leachate kept at around 8.1 after the first 
day whether in high or low rainfall intensity, which 
further corroborated the occurrence of oxidation 
effect in leaching process. Sb-basic compounds 
were oxidized by leaching solution and alkaline in 
Sb-basic compounds released into leachate, casing 
the production of alkalescence leachate. 

 
Evolution of morphology. SEM images of 

smelting slag samples eroded by rainfall of different 
pH were illustrated in Fig. 6. Surface of smelting 
slag cracked after leaching. Acid rainfall caused a 
larger extent broken to smelting slag surface, 
demonstrating that acid leaching solution with 
lower pH exhibited larger erosion effect to slag. 
Compared to raw smelting slag, slag samples after 
erosion were smoother with less edges and corners. 
Surface minerals were oxidized and scoured into 
leachate under the erosion of leaching solution. 
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FIGURE 5 

Change of pH and release amount of Sb in 

different rainfall intensity 
 
 
Surface erosion by leaching solution with pH of 2.0 
was severer than slag surface eroded by leaching 
solution with pH of 7.0 and 8.0, evidencing that 
surface erosion by leaching solution was crucial for 
heavy metal release. In addition, amount of 
blowhole in slag sample decreased after erosion by 
leaching solution and some blowhole was blocked 
by cracked minerals. The decline of Sb release 
content along with prolonging rainfall duration 
could be ascribed to the abatement of blowhole. 
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Raw slag                     pH 2.0                       pH 4.0 

   

pH 5.6                        pH 7.0                         pH 8.0 
FIGURE 6 

SEM graphs of raw smelting slag and under the leaching at pH 2.0, 4.0, 5.6, 7.0 and 8.0 
 

Leaching mechanism discussion. Many 

effects worked for Sb release in leaching process 

under rainfall [17]. Smelting slag contained various 

of antimony species [18]. Based on the above study, 

possible reactions involved in the leaching process 

mainly included physical and chemical effect, 

without considering the participation of 

microorganism. 

Physical reactions: smelting slag adsorbed 

substantial soluble minerals and salts. These soluble 

minerals, antimonite and Sb-basic compounds were 

scoured into leachate under the shearing of rainfall. 

Therefore, Sb concentration in leachate increased 

rapidly in the initial period. 

Chemical reactions: as the leaching process 

proceeding, the absorbed minerals and salts were 

depleted by leaching solution. The deeper layer of 

smelting slag contacted leaching solution. Sb 

released from deeper layer due to the oxidation and 

erosion by leaching solution and air. 

Moreover, alkaline in smelting slag was 

replaced by water and released into leachate when 

oxidation reaction occurred, resulting in weakly 

alkaline leachate. Soaking in saline solution, 

numerous micro-electrolysis cells formed between 

slag particles and inside of slag particle, 

accelerating erosion reactions and Sb release [19]. 

Kinetic analysis of Sb release in leaching 

process was conducted by introducing Elovich 

model, which was wildly applied in soil chemical 

kinetics. Elovich model was introduced to describe 

the release process and characteristics of Sb from 

smelting slag in leaching process. The fitting 

process and fitting information were exhibited in 

Fig. 7 and listed in table 2. The high correlation 

coefficient between experimental data and Elovich 

model corroborated that the developed model was 

of high significance and Elovich model was 

competent to describe release process and predicate 

release content. 

 

TABLE 2 
Fitting information with logarithmic and 

Elovich model 

Logarithmic model Elovich model 

A B R2 A B R2 

-3.04 22.06 0.82 34.24 9.47 0.92 
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FIGURE 7 

Data fitting of the Sb release with Elovich model 
 

 
CONCLUSIONS 

Simulated leaching test of smelting slag was 
conducted with variables of pH, rainfall duration 
and rainfall intensity to inspect Sb release 
mechanism in actual rainfall leaching process. Sb 
release content and rate were both maximum when 
rainfall was neutral and weakly alkaline. Rainfall 
pH affected Sb release content while had no 
influence on Sb release trends. The initial surface 
erosion and oxidation to deeper layer of smelting 
slag were the main two parts contributing the 
release of Sb. When the total leaching solution was 
constant, Sb release content increased then 
decreased and increased finally with the prolonging 
of rainfall duration. Sb release content at low 
intensity of rainfall was more than that at high 
intensity rainfall. Acid leaching solution leaded to 
severe erosion to slag surface. The abatement of 
blowhole constrained the further oxidation to slag. 
Physical and chemical effects contributed to Sb 
release in leaching process. Elovich model was 
reliable and competent to describe Sb release in 
leaching process. 
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ABSTRACT 
 

The aquaculture industry in Turkey has been 
grown up for twenty years and reached to two 
hundred and thirty five thousand tonnes per year 
(2014) production capacity. Commonly cultured 
species need to the mixed feeds which contain 
many raw materials inside. Proximately %80 of 
these raw materials is exported and this is also a 
problem for national economy. The main protein 
source in mixed feed is fish meal. Because of 
limited natural resource the usage of fish meal will 
be in danger in the future. As an alternative to fish 
meal, aquatic plants (especially freshwater species) 
can be used in fish feeds after some processes. 
However with their water purification capacity, 
they have an invasive character which has an 
eutrophication threat for environment and water 
resources. For minimize their harmful effects, some 
combat methods (mechanic, biological, etc) are 
indispensable. But after harvesting methods, the 
plant wastes may cause environmental problems 
also.  

In this study, some of invasive aquatic plants 
that commonly found in the inland waters of 
Turkey; Eichornia crassipes, Cyperus alternifolius, 
Lemna minor, Pistia stratiotes, Typha latifolia, 
Nasturtium officinale have been examined to be 
utilized as a raw material in fish feed possibilities 
for imparting to the economy after the harvest in 
order to prevent environmental damage they cause. 
With biochemical analysis of these plants, fatty acid 
ratios and structures are investigated as raw 
materials possibilities for fish feeding.  In addition, 
thus plants and their wastes were been integrated 
into the economy and intended for the protection of 
environmental sustainability. In this study, the 
availability of feed ingredients of aquatic plant 
commonly found around Turkey were investigated. 
Also this study is first research on fish feed raw 
materials from inland plants.  
 
 
 

KEYWORDS: 
Aquaculture, feed additive invasive, plant. 
 
 
INTRODUCTION 
 

Being surrounded by seas on three sides, total 
surface area of seas and inland water resources is 

water products of 2014 are 537.345 tons/year, 
235.133 tons are acquired through cultivation 

th in terms of world 
mariculture with this production rate (FAO, 2013). 

There are 1935 enterprises producing 
freshwater fish and 418 enterprises producing sea 
fish production (TSI, 2014). Principal fish species 
that is bred are 53% salmon (Onchornycus mykiss), 
30% sea bass (Dicentrarchus labrax) and 15% 
gilthead sea bream (Sparus aurata). These species 
are carnivores and they require mainly animal-
based food substance in their feeds. Primary animal 
protein source used in aquatic feeds is fish meal. 
With balanced amino acid content and other 
nutritional substances, fish meal has positive effects 
in development of fish and meat quality. Fish meal 
is acquired by processing pelagic species caught in 
nature. Fish oil is also acquired during this process. 
The oil and other by-products acquired from the 
fish possess utmost importance as human nutrition. 
For all these reasons, there are numerous researches 
on alternative protein resources even in feeding 
carnivore species. 

In its report in which world fishing and 

FAO states that fishing products can be used both 
as fish breeding and human nutrition; but this 
situation poses a dilemma. Certain precautions are 
also recommended in order to reduce the use of the 
fish, which is caught in nature, in aquaculture feeds. 
On the top of these precautions comes encouraging 

order to reduce use of high price fish meal. 
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Similarly, species featuring herbivore and 
omnivore feeding is commonly bred in aquarium 
sector as well. As of 2012 in Turkey, there are 7 
(with 42523000 pcs/year capacity) breeding 
facility. Furthermore, 1.973.166 $ aquarium fish 
was imported (TSI, 2014). The biggest problem of 
aquarium fish producers is feed. Sea fish is 
generally used in feeding aquarium fish in Turkey 
and this causes an increase of production cost. 

Main nutritional resources of herbivore and 
omnivore species are aquatic plants. In their study, 
Mandal et al. (2010) state that usability of aquatic 
plants in fish feed has been neglected for a long 
time. Indeed, the number of researches on terrestrial 
plants in the search of alternative raw material to 
fish meal is much more and these materials are 
commercially used in feeds of a great deal of fish 
species. However, production costs of widely-
known and commonly-used raw materials such as 
soybean flour and peanut cossette are high and 
reduce profit of breeding. Besides, their availability 
and prices depend on various foreign factors such 
as air, availability of fresh water (FAO, 2014). 
Proliferation of macrophyte use in aquatic feeds 
will reduce use of terrestrial plants in aquatic feeds. 
At the same time, while the fish receive the 
nutritional substances they need, waste production 
will decrease and there will not be any negative 
effect on the environment. Another method to 
decrease production cost is to increase use of 
vegetable oil resources, which is cheaper, instead of 
highly expensive fish oil. However, the point to 
take into consideration in here is that the fish 
cannot meet the fatty acid profile which they need -
especially essential fatty acids- from these 
resources adequately.  

When the subject is approached in line with 

directly or indirectly as feed raw material in aquatic 
feeds for aquaculture that is maintainable, 
environmentally-friendly and economic. Various 
researchers carried out studies aimed at determining 
types and nutritional contents of macrophytes in 
their own countries. Researches show that along 
with widely-known or used (Lemna minor, azolla 
etc.)  aquatic plants, less-known species (Ottelia 
alismoides, Nymphoides indica, Elodea canadensis, 
etc) and even invasive species ( E. crassipes etc.) 
can be used as raw material in fish feeds (Mandal et 
al. et al.., (2014), in their study, 
stated that the aquatic plants utilised in their study 
are much richer in terms of elaeostearic fatty acids 
compared to terrestrial plants.  

The objective of this research is to analyse 
food substance contents of Eichornia crassipes, 
Cyperus alternifolius, Lemna minor, Pistia 
stratiotes, Typha latifolia, Nasturtium officinale and 
whether they can be used in aquatic feeds. 
 
 

MATERIALS AND METHODS 
 

Procurement of plant samples. Aquatic 

High School are used in this study. It is paid 
attention that the plants chosen for analysis are 
healthy samples that show characteristics of species 
the best. Gathered samples are immediately taken to 
the laboratory, washed and cleaned with fresh 
water. While green parts of plants are included in 
the analysis, their roots and parts that under the 
ground are excluded. 

 
Food substances and fatty acid analysis. In 

order to determine biochemical composition of 
aquatic plant species, the samples that are reserved 
are first kept in a closed environment that is under 
the shadow and has airstream. And then, according 
to Kjedhal x 6.25 method raw protein analysis, to 
Soxhlet method raw oil content analysis and to 
AOAC (1990) moisture and ash rate analysis is 
performed. Food substance analyses are performed 
as three parallels for each species. Fatty acid 
analyses are performed in gas chromatography in 
the method stated in IOOC, 2011 
(COI/T.20/Doc.No.17). 
 
 
RESULTS AND DISCUSSION 

 
Food Substance Analyses of Aquatic Plants. 

Food contents in dry matter belonging to 6 aquatic 
plants that are studied on are provided in Table 1. 
According to this, moisture contents change around 
6.3-13.70%, the lowest rate is found in Lemna 
minor and the highest moisture content is found in 
Typha latifolia as 13.70. Similar to the results of 

et al.., 2006, in their 
research, state dry matter rate of Lemna minor as 
92% (moisture 8%), Ciria et al. 2005 state moisture 
rate of Typha latifolia as 14.3%.  

While ash contents change between 7.1-
19.8%, the lowest rate is found in Typha latifolia, 
and the highest ash content is found in Nasturtium 
officinale. Similarly, in his study, Boyd 1968 state 
Typha latifolia ash content as 6.9%, Ciria et al. 
2005 state ash content as 10.2%. In his research in 

Nasturtium officinale as 20%. 
Oil contents change at the range of 1.5-4.2, the 

lowest rate is found in Lemna minor and the highest 
rate is found in Typha latifolia. While the lowest oil 
rate for Lemna minor is stated as 0.4% in previous 

et al. 2006), the highest oil rate is 
pointed out as 4.75% (Ahammad et al., 2003). The 
oil rate given for Typha latifolia is 3.91% (Boyd, 
1968). The results acquired in this study are among 
the values provided in literature.  

Protein contents change between 6.22 to 18%, 
the lowest amount is found in Cyperus alternifolius,  
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TABLE 1 
The basic nutritional components for aquatic plants in the study (dry matter %). 

 
Eichornia 
crassipes 

Cyperus 
alternifolius 

Lemna 
minor 

Pistia 
stratiotes 

Nasturtium 
officinale 

Typha 
latifolia 

Moisture (%) 6.43 7.3 6.3 6.17 9.1 13.70 

Crude Ash (%) 19 10.1 18.8 13 19.8 7.1 

Crude Oil (%) 2.4 2.0 1.5 2.2 1.8 4.2 

Crude Protein (%) 13.8 6.22 17.8 7.03 18 9.5 

Crude Cellulose (%) 17.8 15.4 10.9 16.5 16.7 18.2 

 
and the highest amount is found in Nasturtium 
officinale
2006, states protein amount for as Nasturtium 
officinale 20.7%. 

Cellulose rates change on the range of 10.9-
18.2, the lowest rate is found in Lemna minor, and 
the highest rate is found in Typha latifolia. In their 
study in 1995, Leng et al., state cellulose rate for 
Typha latifolia between the range of 8-25%, 
Ahammad et al., 2003 give this rate as 10.35%, 

et al., 2006 point it out as 14%.  
 
Fatty acid Analyses of Aquatic Plants. 

Results of fatty acid analysis performed on the 
samples at hand are acquired as stated in Table 2. 

According to results of analysis; the lowest 
stearic acid (C 18:0) rate in terms of saturated fatty 
acid is found in Lemna minor with 0.24%, and the 

highest stearic acid rate is found in Pistia stratiotes 
with 15%. These values are close to the values 

et al., 2014 in their study. The 
lowest rates of Arachidic acid (C 20:0) are found in 
Typha latifolia as 0.16%, and the highest rates are 
found in Nasturtium officinale as 3.72%. While 
heneicosylic and benehic acid (C 21:0 and C 22:0) 
values can only be measured in Eichornia 
crassipes, only Heneicosylic acid amount can be 
determined in Cyperus alternifolius. It is not 
possible to determine amount in other aquatic 
plants. The highest rate in terms of measurable total 
saturated fatty acids is found 6.03% in Cyperus 
alternifolius. 

In terms of monounsaturated fatty acids, the 
lowest amount of Paullinic acid (C20:1) is found 
0.21% in Typha latifolia, and the highest rate is 
found 1.30% in Pistia stratiotes this fatty oil cannot  

 
TABLE 2 

Fatty acid compositions of aquatic plants that are handled in the study (%) 

 
Eichornia 
crassipes 

Cyperus 
alternifolius 

Lemna 
minor 

Pistia 
stratiotes 

Nasturtium 
officinale 

Typha 
latifolia 

C 18:0 2.1 5.1 0.24 15 2.1 2.6 

C 20:0 0.23 0.72 0.22 2.51 3.72 0.16 
C 21:0 0.45 0.21 T T T ND 
C22:0 0.27 ND ND T T T 

 3.05 6.03 0.46 17.51 5.82 2.76 
C20:1 0.33 0.94 T 1.30 1.25 0.21 
C24:1 2.79 T 35.46 ND ND ND 

 3.12 0.94 35.46 1.30 1.25 0.21 
C 18:2 18.7 10.2 33.2 24.1 19.2 9.2 
C 18:3 40.08 31.4 3.18 16.7 25.1 42.3 
C 20:3 0.29 T ND 1.28 ND 0.17 
C 20:4 T 0.04 43.08 0.16 15.81 0.18 
C 20:5 0.43 ND 0.11 0.12 5.49 0.65 
C 22:4 1.14 ND 0.28 T T T 
C22:6 1.25 0.32 0.36 ND ND ND 

 61.89 41.96 80.21 42.36 65.6 52.5 
SFA /PUFA 0.05 0.14 0.006 0.41 0.09 0.05 

T; Trace, ND; Not Determinate,  
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be determined in Lemna minor. The highest rate of 
nervonic acid is found 35.46% in Lemna minör, 
while no amount can be determined in Cyperus 
alternifolius, Typha latifolia, Pistia stratiotes ve 
Nasturtium officinale. The highest rate in terms of 
measurable total monounsaturated fatty oils is 
35.46% in Lemna minor. 

In polyunsaturated fatty acids, the lowest rate 
in terms of linoleic acid (C18:2) is found 9.2% in 
Typha latifolia, the highest rate is determined 
33.2% in Lemna minor. In terms of linolenic fatty 
acid (C 18:3), the species with lowest rate is found 
in Lemna minor (% 3.8), the highest rate is 
measured in Typha latifolia (% 42.3). Both linoleic 
and linolenic fatty acid results are close to the 

et al. (2014). Dihomo- -
linolenic acid (C20:3) cannot be determined in 
Cyperus alternifolius, Lemna minor ve Nasturtium 
officinale species, while it changes between 0.17-
1.28 in other species. While the amount cannot be 
determined in Eichornia crassipes in terms of 
arachidonic acid (C20:4), it is found in Cyperus 
alternifolius at a very low rate (0.04%), in Pistia 
stratiotes and Typha latifolia at close rates (0.16%-
0.18% respectively). 15.81% is detected in 
Nasturtium officinale, and the highest rate is found 
in Lemna minor as 43.08%. in term of 
Eicosapentaenoic acid (C20:5), the amount cannot 
be determined in Cyperus alternifolius, and the 
highest rate is found in Nasturtium officinale as 
5.49%. Only Eichornia crassipes, Lemna minor 
species could be measured in terms of adrenic acid 
(C22:4) (1.14% and 0.28% respectively), and the 
amount could not be determined in others. In terms 
of Docosahexaenoic acid (C22:6), the amount could 
not be measured in Pistia stratiotes, Nasturtium 
officinale ve Typha latifolia, and it is measured % 
1.25, 0.32, 0.36 respectively in Eichornia crassipes, 
Cyperus alternifolius, Lemna minor. The highest 
rate in terms of measurable total polyunsaturated 
fatty acids is found 50.33% in Lemna minor. In 
their study, Mukherjee et al., (2010), state 
SFA/PUFA point in Lemna minor as 0.01. In this 
study, this rate is found 0.006. 

Linoleic (C18:2) and Linolenic (C18:3) fatty 
acids cannot be synthesized by the fish. For this 
reason, these are called essential fatty acids and 
have to be included in feeds of fish (Horrobin & 
Manku, 1990). Similarly, it is pointed in previous 
researches that the fish requires essential fatty acids 
such as eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) in order to have a 
normal growth (Watanabe, 1993; Bell & Sargent 
2003.). The rates of Linoleic, Linolenic, 
Arachidonic and Docosahexaenoic fatty oils in 
Lemna minor, which has the highest rate of PUFA, 
are found 41.39%, 3.96%, 53.70%, 0.45% 
respectively. 

et al. analysed 
elaeostearic compositions of the species dealt with 

in this study and compared them to other herbal oil 
resources used as biodiesel. They state that aquatic 
plants are far richer in terms of Linolenic fatty oils 
compared to canola oil, soya oil, palm oil and 
sunflower seed oil and they include close values in 
terms of Linoleic fatty oils. 

Previous studies show that n-3 fatty oil rates 
with 18 and over carbon amount, which the fish 
require in their feeds, are between 0.5-1%, and n-6 
or n-3/n-6 combination is similarly between 0.5-1% 
(Lovell, 1998; Halver & Hardy, 2002). It is 
observed that the aquatic plants analysed in this 
study possess rather suitable values in terms of 
unsaturated fatty acids that have significant effects 
on fish development. 

Fish oil is the principal raw material in fish 
feeds due to its digestibility features and essential 
fatty acid content. However, in recent years, 
researches have been focusing on analysing herbal 
oil resources that can completely or partially 
replace fish oil. The objective of these studies is to 
reduce the addiction to fish oil and therefore reduce 
the price of feeds (Alexis, 1997; El-Kerdawy & 
Salama, 1997; Montero et al., 2003; Kaushik, 2004; 
Figueiredo-Silva et al., 2005; Izquierdo et al., 2005; 
Wassef et al. 2009). (Kalogeropoulos et al., 1992; 
Alexis, 1997; El-Kerdawy & Salama, 1997; 
Montero et al., 2003; Caballero, et al., 2004; 
Fountoulaki et al., 2009; Wassef et al., 2009). 

While it is considered possible to use aquatic 
plants in fish feeds as partially alternative protein 
and oil resource, their anti-nutritional 
characteristics that have negative effect on fish 
growth should not be overlooked. In their study, 
Kalita et al. 2007 point out trypsin inhibitor activity 
in Lemna minor, which is one of four different 
aquatic plants they analyse, as 1.47%, calcium 
oxalate concentration as 3.5% and tannin and 
phytate amount as 0.004%.    

In this study, food substance contents of 6 
species of aquatic plants in Turkey that possess 
invasive characteristics are analysed and fatty acid 
profiles are endeavoured to be revealed. Although 
cellulose contents of commonly-studied species 
have high values especially for carnivore species, 
these values are on the range that is usable for the 
feeds of herbivore species. While their fat values 
are no too high, they can be used as supplement in 
fish feeds with their unsaturated fatty acid rates.  

In further studies, it is required to analyse the 
use of various aquatic plants as alternative resource 
in fish feeds, to determine their nutrition content, to 
reveal their anti-nutritive characteristics and to 
determine their usage rate depending on species.  
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ABSTRACT 
 
In-situ burning is an oil spill response method, 

which is becoming more and more popular due to 
its recent effective applications. In this study, a new 
product, which is produced from natural pumice 
stone through a patented process, is observed for its 
ability to reduce the density and opacity of smoke 
plume that results due to combustion of in-situ 
burning. Oil removal amounts, burning efficiencies, 
burning rates and the smoke production of these 4 
tests were considered and interpreted. Images of the 
densest moments of the test burns were clustered 
with k-means method and their pixel numbers were 
compared in order to interpret the opacity and 
density of the smoke plume. We observed that the 
numbers of black pixels significantly reduced, 
which indicates a decrease in opacity and density of 
the smoke plume. In conclusion, proper use of this 
application might reduce the known negative 
impacts of the in-situ burnings to the environment. 
 
 
KEYWORDS: 
Ecopomex, in-situ burning, smoke, oil spill. 
 
 
INTRODUCTION 

 
Mostly dubbed as a technique of emergency, 

in-situ burning is an oil spill response method in 
which the spilled oil on water surface is burned 
through a controlled process. The products 
generated by this combustion vary by the type of oil 
that is burned, but mostly consist of CO2, water, 
soot and other chemicals. In situ burning is a 
relatively economical and easy-to-perform response 
technique, which does not require heavy manpower 
and can be considered substantially effective under 
proper circumstances by its adequacy of altering 
huge amounts of oil into its combustion outputs [1, 
2, 3]. Correct timing and suitable environmental 
conditions are also essential for the efficiency of in-
situ burning as in many other cleaning methods for 
the response of oil spills [4, 5]. This response 
technique has been carried out for many oil spills 
since its first practice in 1958 for Mackenzie River 

spill [6]. Even though it has not been considered as 
a well-  [7], Deepwater 
Horizon accident in 2010 has shown that serious 
amounts of spillage can be removed successfully 
from the sea surface by the practice in-situ burning. 
In Mexican Gulf, approximately 40000 tons of oil 
was removed by 376 effective burnings out of 411 
controlled burnings [8]. This amount stands for 
approximately %5 of the total spillage and it is 
more than the oil removed by the skimmers [9]. 
Also, due to its high efficiency and applicability 
especially in arctic waters and icy locations, interest 
for the technique is rapidly increasing [10]. It is 
possible to state that, successful practices of in-situ 
burning in Deepwater Horizon spill, which have 
been very effective for the recognition of the 
potential of this response method in the eyes of 
public and industrial practitioners [11]. In-situ 
burning can currently be regarded as a major oil 
spill response method especially for arctic and ice-
infested marine locations [12]. 

Undoubtedly, the biggest concern for 
practicing in-situ burning is the hazardous 
emissions that are created by the combustion of oil 
[13]. Being exposed to the black smoke plume of 
the burning can cause various health issues [14]. In 
an ideal combustion, the products are CO2 and 
water [15]. However, a typical in-situ burning 
smoke plume consists of %75 CO2, %12 water, 
%10 soot, %3 CO and %0.2 PAHs. Incomplete 
combustion that lacks adequate amount of oxygen 
causes the smoke plume to get blacker and denser 
[1]. Carbons in the oil, which cannot react with 
oxygen, do not oxidize and they spread through air 
as particles [16]. Therefore, blackness of the smoke 
plume is a good indicator for amount of particulate 
matter [17], which is also one of the main concerns 
of in-situ burning. Particulate matter, which is 

is considered respirable, and 
pose the greatest risk for health [13]. Many studies 
have been conducted on reducing the production of 
smoke plume during in-situ burning [18]. It is 
known that by pumping air through the combustion, 
burning efficiency can be increased and opacity of 
the smoke plume can be decreased [19]. Also, 
organometallic compound ferrocene and its hybrid 
called RMS 9757 can reduce the soot production 
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significantly when applied to oil slick before 
burning. However, studies about this agent have 

high costs and application difficulties [18]. 
In this study, it is aimed to reduce the smoke 

plume of the in-situ burning by applying a new and 
untested agent produced from pumice stone to the 
oil slick before the burn. For the determination of 
the effectiveness of this product, 4 test burns were 
conducted and compared. Oil removal amounts, 
burning efficiencies, burning rates and the smoke 
production of these 4 tests were considered and 
interpreted. 

 
 

MATERIALS AND METHODS 
 
Ecopomex and Petroleum Products. 

Ecopomex [20] is produced from pumice stone 
through a patented thermal process by the company 

named ECOPOMEX S.A.M. Ecopomex is a 
hydrophobic product and can float on water surface 
for more than 4 weeks. It is oleophilic and can 
adsorb its equivalent amount of petroleum in 
weight and %35 of its volume by polar attraction. 
Adsorbed hydrocarbons do not drain off from the 
product. Ecopomex can be stored and transported 
under all conditions. Adsorbed hydrocarbons can be 
extracted by thermal desorption and it can be used 
as sorbent up to 20 times by recycling. Chemical 
composition and the physico-chemical properties of 
the product are shown at Table 1 and Table 2, 
respectively. 

We used Kirkuk crude oil for the test burns. 
The oil has properties API 34.2, sulphur 2.24%wt 
and acidity 0.08 mgKOH/gr. A 100ml mixture of 
%67 gasoline and %33 diesel oil were used for the 
first ignition of the oil slicks. Ignition was done 
with an ING 504 Propane Torch [21]. 

 

 
 

TABLE 1 
Chemical composition of Ecopomex. 

 
Formula Name of Chemical Percent 

SiO2 Silicon dioxide % 60-75 
AL2O3 Aluminium oxide % 10-20 
K2O Dipotassium oxide % 1-10 
Na2O Disodium oxide % 1-10 
Fe2O3 Iron (III) oxide % 1-10 
CaO Calcium Oxide % 1-10 

C Active Carbon % 2-10 

 
 

TABLE 2 
Physico-chemical properties of Ecopomex. 

 
Property Value or State 

Physical Structure Granule 
Colour Black 
Scent Odourless 

Viscosity N/A 
Flammability Non flammable 

Combustibility N/A 
Explosivity Non explosive 

Hardness (Mohs Scale) 6 
Fusion Temp. (°C) 1205 °C 

PH Neutral 
Water Solubility Insoluble 

Apparent Density (kg/m3) 280 kg/m3 

Toxicology N/A* 

* According to EU 67/548 EEC 
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FIGURE 1 
Illustration of burning tank. 

 
 
Burning Tank and the Properties of Sea 

Water. Test burns were conducted in a rectangular 
shaped (0.6m x 0.5m x 2.0m) heat-resistant metal 
barrier. We mounted this barrier in a cylindrical 
(Diameter: 3m, Height: 1.2m) fiberglass seawater 
tank, which had a circulating system to ensure the 
stability of water temperature. On-site Black Sea 
water was circulated through the tank and the 
temperature was measured with a portable 
thermometer at 12°C ± 1°C before and after each 
burn. Density of seawater was detected as 1018 gr/l 
using a hydrometer. Illustration of the system is 
shown at Figure 1.  

 
Tests. Four in-situ test burns were conducted. 

Two of them were classical burns without any 
agents applied and two of them were Ecopomex-
applied. Two different oil amounts were used in 
order to compare the effectiveness of Ecopomex in 
different slick thicknesses. As the result of the tests, 
the amount of oil that is burned, left as residue and 
removed was calculated for determination of the 
burning rate and burning efficiency [22]. We 
recorded each test with video cameras. Photograph 
of the moments in which the smoke production was 
maximized were processed to determine the 
difference in the opacity of test burns.  

 
Test-1. Test-1 was conducted as classical in-

situ burning without any agents. We poured 1.5 
liters of crude oil into the barrier to achieve a slick 
thickness of 1.5 mm. Then we applied 200 ml of 
gasoline-diesel mixture for ignition and 
immediately ignited the slick to prevent any 
evaporation loss. Time was recorded upon ignition. 
After the burning stopped, to prevent the 
weathering of the residue slick, we immediately 
applied 20 liters of 4-16mm sized Ecopomex as an 
adsorber to collect the residue in the barrier. For 
adequate adsorption, we waited for 5 minutes and 
then removed the adsorber Ecopomex from barrier 
with stainless steel strainers. After weighting the 

adsorber, 100gr simple random sampling was made 
and sent to laboratory. For the detection of water 
percentage, sample was put into drying oven for 3 
hours at 105°C and weighed before and after.  

For the calculation of the amount of residue 
that is left in tank (HCresidue in tank), the following 
formulas were used, where AEinitial is weight of 
adsorber Ecopomex, HCinitial is weight of poured 
crude oil, AEfinal is total weight of Ecopomex after 
adsorption, %W is water percentage in the adsorber: 

(1) 

Percentage of the crude oil removed from the 
tank by burning (%Hremoved) is calculated with the 
following formula [22]: 

            (2) 

For the burning rate, we used standard 
equation of: 

                     (3) 
Where, d=density of oil, A=area of burning 

tank and t=time of burning. 
 
Test-2. In test-2, 15 kg of Ecopomex (30mm 

diameter) were applied to 1.5 liters of oil slick 
before ignition in order to observe its effect on 
smoke reduction. We used 200 ml of gasoline 
diesel mixture for the ignition and time was 
recorded. After completion of burning, we quickly 
collected the Ecopomex that was used for burning, 
and poured adsorber Ecopomex (4-16mm diameter) 
for the adsorption of the residue. After 5 minutes, 
we collected the adsorber. To calculate the water 
percentage on burner and adsorber Ecopomex, we 
took 100 gr random samples from the collected 
products separately and sent them to laboratory for 
drying and weighting. Additional to calculations of 
Test 1, following formula was used to determine 
the amount of residue adsorbed by the burner 
Ecopomex (BE), as the product naturally adsorbed 
some of the residue by itself during burning 
process; 
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  (4) 
Where, HCresidue on burner is the amount of oil 

residue that was left on Ecopomex, which was used 
during burning to reduce the smoke plume. 

 
Test-3 and Test-4. In Test-3 and Test-4, we 

conducted the exact same burnings. Only difference 
was that 5 liters of oil was used in order to increase 
the oil slick thickness to 5 mm.  

 
Photography Analysis. Each burning was 

recorded with video camera. Cameras are fix-
positioned 4m away from the burning tank with 
tripods. Aperture was set for f/3.5, ISO was set for 
100 and Shutter Speed was set for 1/100. The 
moment in which the smoke production was 
maximized was analyzed in order to detect the 
difference of the opacities. Open source bio-
imaging program named ICY (Version 1.7.3.1) [23] 
was used to analyze the pictures. Thresholder 
toolbox was set for k-means clustering with class 

 and channel (0) in order to create a 
gradual pattern from complete blackness to 
whiteness. Pictures are compared according to their 
histograms, which represents their pixel counts of 
certain values.   

 
 

RESULTS 
 
For Test 1; (HCresidue) was calculated as 

1015gr with the equation number (1) where 
AEinitial=6000 gr, AEfinal=7446 gr and (1-
%W)=0.9421. Percentage of the oil removed from 
the tank (%Hremoved) was calculated as %23.97 with 
the equation number (2) where HCinitial=1335gr and 
HCresidue=1015gr. Burning Rate was calculated as 
0,16 mm/min where A=1m2, t=2.18 mins, 
d=0.89gr/cm3, HCinitial=1335gr and 
HCresidue=1015gr.  

For Test 2; (HCresidue) was calculated as 386 gr 
with the equation number (1) where AEinitial=4500 
gr, AEfinal=5441 gr and (1-%W)=0.898. Percentage 
of the oil removed from the tank (%Hremoved) was 
calculated as %71.10 with the equation number (2) 
where HCinitial=1335 gr and HCresidue=386 gr. The 
residue adsorbed by the burner product (HCresiude on 

burner) was calculated as 567gr with the equation 
number (4) where BEinitial=15000gr, 
BEfinal=17374gr and (1-%W)=0.896.  

Burning Rate was calculated 0,04 mm/min 
where A=1m2, t=11.85 mins, d=0.89gr/cm3, 
HCinitial=1335gr, HCresidue=386gr and (HCresiude on 

burner)=567gr. (For the calculation of burning rate, 
HCresidue and HCresiude on burner was added to find the 
total residue left. Then, total residue was extracted 
from HCinitial) 

For Test 3; (HCresidue) was calculated as 
1154gr with the equation number (1) where 

AEinitial=6000 gr, AEfinal=7446 gr and (1-
%W)=0.896. Percentage of the oil removed from 
the tank (%Hremoved) was calculated as %74.07 with 
the equation number (2) where HCinitial=4450gr and 
HCresidue=1154gr. Burning Rate was calculated 1.26 
mm/min where A=1m2, t=2.93 mins, d=0.89gr/cm3, 
HCinitial=4450gr and HCresidue=1154gr.  

For Test 4; (HCresidue) was calculated as 591 gr 
with the equation number (1) where AEinitial=6000 
gr, AEfinal=7248 gr and (1-%W)=0.908. Percentage 
of the oil removed from the tank (%Hremoved) was 
calculated as %86.72 with the equation number (2) 
where HCinitial=4450 gr and HCresidue=591gr. The 
residue adsorbed by the burner product (HCresiude on 

burner) was calculated as 2305gr with the equation 
number (4) where BEinitial=12000gr, 
BEfinal=15859gr and (1-%W)=0.902.  

Burning Rate was calculated 0,22 mm/min 
where A=1m2, t=7.83 mins, d=0.89gr/cm3, 
HCinitial=4450gr, HCresidue=591gr and (HCresiude on 

burner)=2305gr. (For the calculation of burning rate, 
HCresidue and HCresiude on burner was added to find the 
total residue left. Then, total residue was extracted 
from HCinitial). As shown in Table 3 all calculations 
obtained data. 

 
Opacity Comparison. Original photographs, 

k-means clustered photographs and their histograms 
are shown in Figure 2 and Figure 4. Pixel numbers 
from value 0.0 (Black) to 9.0 (White) for Test-3 
were 534465, 561360, 568873, 263153, 116989, 
76785, 62774, 84458, 65242 and 115895, 
respectively. Pixel numbers from value 0.0 (Black) 
to 9.0 (White) for the Test-4 are 209966, 402087, 
495186, 404192, 395334, 207932, 98124, 83985, 
59331 and 129863, respectively. Numbers are 
shown in Table 4. 
 
 
DISCUSSION AND CONCLUSION 

 
Density and opacity of the smoke plume was 

visibly reduced in the tests in which Ecopomex 
applied. According to pixel numbers, it is possible 
to state that the smoke plume production of the 
Ecopomex used tests are much more transparent 
and diluted. Number of the black pixels (Value 0.0) 
of the images of Ecopomex applied burns were 
nearly as half as the number of black pixels in 
classical burns as it is shown in Table 5. In 
addition, during Ecopomex applied burns, no 
vigorous burning phase was observed that eradiate 
burning particles around as mentioned by Garo 
[24]. These results may indicate that Ecopomex 
creates an isolating barrier between water and oil, 
preventing water to reach its boiling point. As 
mentioned by the Buist et al. [12], in-situ burning is 
a starved combustion and vigorous burning phase is 
the period that the burning rate maximizes. This 
may indicate that during the vigorous phase oxygen 
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starvation might increase and this causes to 
combustion to produce more soot. Moreover, 
Rasmussen [1] states that, isolation between water 
and oil increases burning efficiency and stability, as 
the water temperature below the oil constantly 
reduces the temperature of oil. This situation can 
indicate that isolating structure of Ecopomex can 
minimize the heat transfer between oil and water, 
resulting a more efficient and stable burn with 
fewer emissions and more transparent smoke 
plume.  

Nordvik et al. [19] pumped air through the 
burning zone and observed its effects to the smoke 
plume. It was observed that the abundance of air 
during in-situ burning increased the burning rate 
and decreased the opacity and density of smoke 
plume. This indicates that burning quality impacts 
smoke production in a positive way by reducing the 
opacity, density and soot production. However, we 
observed in Ecopomex applied tests that the 
burning rate is decreased contrarily, despite the 
decrease in smoke plume density. It is thought that 
this may be because of the fact that as being an 
oleophlic adsorber itself, Ecopomex transfers the 

oil to the upper burning layers gradually and 
relatively slow. Therefore, as lower the burning rate 
it is, the gradual transfer of oil to burning layer 
causes the air becomes sufficient to feed a high-
quality burning phase.  

The results of the present study showed that 
the residue amount is higher in the classic burns. In 
Ecopomex applied tests, percentages of oil that is 
cleaned from water surface were found as %71 and 
%87 versus %23 and %75 in classic test burns. 
However, burned oil percentages were found as 
%29 and %35 in Ecopomex burns versus %24 and 
%75 in classic burns. This situation reveals that the 
agent adsorbs a certain amount of oil itself while 
burning phase continues. This situation arises a 
necessity for the Ecopomex to be recovered from 
water surface in order to make an efficient cleaning. 
It would be also important to state that, even in 
classical burns, a certain amount of residue are is 
left on water surface that has be removed with 
mechanical means or sorbents. In this context, 
Ecopomex can pose a combined solution as it can 
be used as a smoke reducing agent and a sorbent.  

 
 
 

TABLE 3 
Calculations obtained. 

 
 Test 1 Test 2 Test 4 Test 5 

Tank Area (m2) 1 1 1 1 
Density of (g/L) 890 890 890 890 

Crude Oil Used (L) 1.5 1.5 5 5 
HCinitial: Crude Oil Used (g) 1335 1335 4450 4450 
Ecopomex® for burning (L) N/A 50 N/A 40 

BEinitial: Ecopomex® for burning (g) N/A 15000 N/A 12000 
Burning Duration     

Adsorber Ecopomex® (L) 20 15 20 20 
AEinitial: Adsorber Ecopomex® (g) 6000 4500 6000 6000 

AEfinal: Adsorbed Adsorber Ecopomex® (g) 7446 5441 7984 7248 
Adsorber Ecopomex® Water Percentage (%) 5.79 12.2 10.40 9.06 

AEfinal×(1-%W): Dried Adsorber Ecopomex® (g) 7015 4886 7154 6591 
HCresidue: {AEfinal×(1-%W)}-AEinitial Total residue that is 

adsorbed (g) 
1015 386 1154 591 

BEfinal: Weight of Ecopomex® that is used for burning (g) N/A 17374 N/A 15859 

Burner Ecopomex® water percentage (%) N/A 10.43 N/A 9.83 
BEfinal×(1-%W): Dried Burner Ecopomex® (g) N/A 15567 N/A 14305 

HCresidue on burner: BEfinal×(1-%W)-BEinitial AEinitial Total residue 
that is adsorbed by Burner Ecopomex. (g) 

N/A 567 N/A 2305 

Burning Rate (mm/minutes) 0.16 0.04 1.26 0.22 
Crude Oil left in Water after the Burn 

(Weight %) 
%76.03 %28.90 %25.93 %13.28 

Crude Oil cleaned from Water after the Burn 
(Weight %) 

%23.97 %71.10 %74.07 %86.72 

Crude Oil adsorbed by Ecopomex® itself during burning 
(Weight %) 

N/A %42.47 N/A %51.80 

Burned Crude Oil (Weight %) %23.97 %28.63 %74.07 %34.92 
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TABLE 4 
Pixel numbers of the photographs of Test-3 and Test-4 from black (Value 0.0) to white (9.0). 

 
 Value 

0.0 
(Black) 

Value 
1.0 

Value 
2.0 

Value 
3.0 

Value 
4.0 

Value 
5.0 

Value 
6.0 

Value 
7.0 

Value 
8.0 

Value 
9.0 

(White) 
Test-3 534465 561360 568873 263153 116989 76785 62774 84458 65242 115895 

Test-4 209966 402087 495186 404192 395334 207932 98124 83985 59331 129863 

 
 

 
 

FIGURE 2 
Test-3 Classic Burn (5mm Thickness), Densest Moment Image Analysis 

(Channel 0/class 10 k-means clustering). 
 
 

 
 

FIGURE 3 
Test-4 Burn with Ecopomex (5mm Thickness) Densest Moment Image Analysis (Channel 0/class 10 k-

means clustering). 
 
 

Buist et al. [18] state that a ferrocene hybrid 
product named RMS 9757 can reduce the amount 
of soot that is generated during in-situ burnings. 
Nevertheless, due to its high costs and lack of 
interest, it is not accepted as a response agent in in-
situ burnings. On the other hand, Ecopomex is a 
relatively low cost, natural and non-toxic agent and 
can be recycled up to 20 times without losing its 
oleophilic structure. Concordantly, it can subrogate 
as a good alternative for smoke reduction agents.  

It is concluded that applying Ecopomex to oil 
slick can be promising for the reduction of opacity, 
density and therefore the soot production in in-situ 
burnings. It is also possible to state that, percentage 
of the high viscosity residue that is left on sea 
surface is lower in Ecopomex applied burns than 
classical burns. However, it is clear that using the 
product causes a certain amount of oil to adhere to 
the agent, resulting reduced percentages of burned 
oil. Nonetheless, as every classical burn leaves a 
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high viscosity residue to be removed by mechanical 
means or sorbents, Ecopomex applied burns can be 
quite useful as being a combined method as it 
collects some of the leftover residue by itself. 
Therefore, appropriate applications of this agent 
may be useful to decrease the environmental 
negative effects.  
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ABSTRACT  

 
Effluent of restaurant garbage and effluent of 

hydmthermal process were used as fermented 
medium for Bacillus megatherium, Azotobacter 
chroococcum and Bacillus mucilaginous to produce 
biofertilizer. The constituents and COD of effluent 
of restaurant garbage and effluent of hydmthermal 
process were compared. Influence factors, 
including incubation time and inoculum size were 
studied to find out the best growth conditions of 
each strain. This study provides the basis for 
producing biofertilizer in industry. The results 
showed under the optimum temperature and pH 
conditions, the best incubation time of Bacillus 
megatherium, Azotobacter chroococcum, Bacillus 
mucilaginous in effluent of restaurant garbage was 
6d, 4d and 7d respectively and the total number of 
bacteria reached up to 9.70×1012cfu 
/ml,3.00×1010cfu/ml and 1.55×1010cfu /ml 
respectively. The optimal inoculum sizes of each 
strain were 2.0%, 1.5%, 1.5%, and the total number 
of bacteria reached up to 
9.65×1012cuf/m,2.90×1010cuf/ml,1.60×1010cuf/ml.
when incubate in effluent of hydmthermal process, 
the best incubation time of Bacillus megatherium, 
Azotobacter chroococcum, Bacillus mucilaginous 
was 7d, 5d and 6d respectively, and the total 
number of bacteria reached up to 9.75×1012cfu/ml, 
3.35×1010cfu/ml and 6.60×1012cfu /ml respectively; 
The optimal inoculum sizes of each strain were 
2.0%, 1.0% and 2.0% respectively, and the total 
number of bacteria reached up to 9.6×1012cuf/ml, 
3.15×1010cuf/ml and 6.75×1012cuf/ml respectively. 
According to the study, we found that the strains 
grew better in hydmthermal process effluent. 
 
 
 

KEYWORDS:  

food wastewater; liquid biofertilizer; Bacillus 

megatherium; Azotobacter chroococcum; Bacillus 

mucilaginous 

 
 
INTRODUCTION 

 
In China, the food wastewater without 

treatment issued by catering industry has reached 
100 million tons each year and there has been an 
increasing trend [1]. COD of the food wastewater is 
up to 100000mg/L or more [2], the organic 
wastewater with a high-concentration. Serious 
eutrophication problems will be caused if this kind 
of wastewater is discharged into water bodies and 
the cost of the treatment will be high.  

Liquid biofertilizer is a kind of biological 
liquid fertilizer cultivated and made by some 
beneficial microorganisms. This specific products 
containing microorganisms is utilized in the 
agricultural production and can obtain a specific 
fertilizer effect, where the life activities of living 
organisms play a key role [3]. At present, 
biofertilizer applied in production mainly consist of 
Azotobacter category, solubilizing fungus and 
potassium compound fungi [4]. 
Phosphate-solubilizing bacteria can decompose the 
soluble phosphate material in the soil and release 
the phosphorus or decompose organic matter in soil 
[5]. In this way, it can provide effective phosphorus 
crop to the plants by turning the organic phosphorus 
into inorganic phosphorus available for plants [6]. 
Silicate bacteria mostly consist of bacteria, which 
can break down silicate minerals and release 
potassium and other elements for plant use, which 
also owns the functions of nitrogen fixation and 
solubilizing [7]. Azotobacter can turn the N2 in the 
air into NH4 + available for crops. With the host 
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specific property of nitrogen-fixing bacteria [8], the 
application has a narrow range. For example, 
certain rhizobium can only be used in certain 
leguminous crops [9]. Not restricted by these 
factors, the production and application of 
Azotobacte is very convenient. 

The effluent of restaurant garbage used in this 
experiment was separated from the liquid of the 
restaurant garbage. The effluent of hydmthermal 
process is separated from restaurant garbage after 
the hydmthermal process. Restaurant garbage 
wastewater is rich in fat, protein and other organic 
matter and it does not contain toxic substances. 
Thus, it can provide sufficient C source, N source 
as well as other nutrients for the growth of bacteria. 
In this study, effluent of restaurant garbage and 
effluent of hydmthermal process utilized the 
common phosphate-solubilizing, nitrogen fixation 
bacteria and silicate bacteria namely Bacillus 
megaterium; Bacillus megatherium, Azotobacter 
chroococcum and Bacillus mucilaginous to produce 
biofertilizer through the process of fermentation. In 
this way, the environmental problem caused by 
food is solved: the restaurant garbage wastewater 
discharge is eliminated and the water treatment cost 
is decreased. Besides, it also achieves significant 
economic efficiency and environmental benefits by 
increasing the utilization of waste and turning the 
waste into treasure. 
 
 
MATERIALS AND METHODS 

 
Strains. The strains used in this experiment 

were 1.941-Bacillus megatherium, 
1.233-Azotobacter chroococcum, 1.153- Bacillus 
mucilaginous, which were bought from China 
general microbiological culture collection center. 

 
Effluent of restaurant garbage (FE) 

preparation. The restaurant garbage, taken from 
the east and west canteen of Beijing Technology 
and Business University, was filtered and 
solid-liquid separated. The liquid was centrifuged at 
3000r/min for 20min, adjusted to pH 7.0-7.2 with 
1mol/L NaOH, 50ml of liquid was divided into the 
250ml flask. Then, the liquid was sterilized at 
121°C for 20 min. 

 
Effluent of hydmthermal process (EHP) 

preparation [10]. The comminuted solids weighted 
300g from solid-liquid separation were putted in 
hydmthermal reactor with 500ml water, heated at 

100°C for 3h. After that, the solid-liquid mixture 
was centrifuged at 3000r/min for 20min. The liquid 
separated by centrifugation was divided into the 
250ml flask, and sterilized at 121°C for 20 min. 

 
Detection of the nature and composition of 

food wastewater. The wastewater was stored at 
4 °C immediately after preparation until analysis. 
COD was determined by strong acid (reagents D 
and E) digestion followed by 
spectrophotometer(V-670 the U.S.) [11]. The total 
phosphorus was determined by antimony 
molybdenum spectrophotometer [11].The salt 
content was calculated from sodium concentration, 
and sodium concentration was determined by 
microwave acid (HNO3) digestion followed by 
inductively coupled plasma optical emission 
spectrometry (ICP-OES) [12].  The total nitrogen 
of food wastewater was measured using the 
Kjeldahl method [13], the pH was measured using a 
pH meter (PM39, GER). 

 
Activation of strains. The Bacillus 

megatherium, Azotobacter chroococcum, Bacillus 
mucilaginous were inoculated to fresh agar slant at 
30°C, 30°C and 28°C respectively for 24h, in order 
to achieve the purpose of activating them. The 
medium for culturing Bacillus megaterium was 
composed of peptone 10.0g; beef extract 3.0g; 
NaCl 5.0g; agar 18.0g; distilled water 1000ml; pH 
7.0. The medium for culturing Azotobacter 
chroococcum was composed of Yeast extract 0.5g, 
KH2PO4 0.2g, K2HPO4 0.8g, MgSO4 2O 0.2 g, 
mannitol (C6H14O6) 20.0g, CaSO4 2O 0.1g, 
FeCl3 trace, Na2MoO4 H2O trace, agar 18.0g, 
distilled water 1000ml, pH 7.2. The medium for 
culturing Bacillus mucilaginous was composed of 
Sucrose 5.0g; Na2HPO4  2.0 g; MgSO4 2O 0.5g; 
FeCl3 0.005g; CaCO3 0.1 g; agar 20g; distilled 
water 1000ml; pH 7.0~7.2. 

 
Shake flask cultures. The activated Bacillus 

megatherium, Azotobacter chroococcum and 
Bacillus mucilaginous were inoculated into 250ml 
flasks, which were fed into 100ml of flask shaking 
medium. The inoculum size was 2%. The strains 
were cultured at 30°C, 30°C and 28°C respectively 
for 36h,  48h and 48h. The shaking speeds were 
120r/min, 150r/min and 160r/min respectively. The 
medium used in shake flask cultures was the 
activating medium without agar.  
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Strains fermentation experiments. The 
Bacillus megatherium, Azotobacter chroococcum 
and Bacillus mucilaginous were inoculated to food 
wastewater, fermented in different incubation time 
and inoculum sizes. The bacteria counts were 
measured every 24h by plate count method to 
determine the best incubation time and inoculum 
sizes. The fermented medium was effluent of 
restaurant garbage and effluent of hydmthermal 
process. 
 
 
RESULTS AND DISCUSSION 

 
The nature and composition of food 

wastewater detection. The detection of the nature 
and composition of food wastewater are given in 
Table 1. COD, total nitrogen, Kjeldahl nitrogen of 
EHP were higher than that of ERG, salt content and 
pH of EHP were decreased after hydmthermal 
process. This was because protein of restaurant 
garbage was dissolved, hydrolyzed and liquefied in 
the heating process, which resulted to the increase 
of organic nitrogen and nitrate nitrogen of EHP. 
Meanwhile, slightly soluble macromolecular 
starches, fat were hydrolyzed to soluble small 

molecules such as soluble reducing sugar, fatty 
acids. This resulted in substantial increase in COD. 
Macromolecular organic matter generated organic 
acids during hydrolysis [14], Therefore, pH of EHP 
reduced after hydmthermal process. 

 
The influence of incubation time on the 

bacteria counts.  
(1) The influence of incubation time on the 

bacteria counts of Bacillus megatherium. The 
Bacillus megatherium suspension was inoculated 
into ERG and EHP, and the flasks were incubated 
for 10 days. The bacteria counts were measured 
every 24h by plate count method. 

Fig.1 (a) indicated that in ERG, the logarithm 
of bacteria count reached the maximum value of 
11.987 (the bacteria count was 9.70 × 1011cfu/ml) 
when the incubation time was 6d; while in EHP 
(Fig.1 (b)), the logarithm of bacteria count reached 
the maximum value of 12.985 (the bacteria count 
was 9.65×1012cfu/ml) when the fermentation time 
was 7d. Therefore, the best incubation time can be 
6 ~7 days. As shown in Fig.1, EHP was more 
suitable for Bacillus megaterium growth to produce 
biofertilizer. 

 

 

TABLE 1  
The nature and composition of food wastewater 

 

detection index ERG EHP 

COD 150400mg/l 200383mg/l 
total phosphorus 2510.3mg/l 2919.3mg/l 

total phosphorus 0.0057mg/l 0.0056mg/l 

salt content 0.176mg/l 0.119mg/l 

pH 5.91 5.58 

           

  

(a)                            (b) 
FIGURE 1  

The growth trends of Bacillus megatherium in ERG and EHP 
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Within a certain time, the bacteria counts of 
Bacillus megaterium increased as fermentation 
process sustained, but after a certain time, the 
bacteria count tended to decrease, which was not 
very obvious and can be seen as stable state. That 
was because at the beginning of fermentation, the 
microbial activity was vigorous and the bacteria 
count increased with the prolonging of incubation 
time [15]. During the stable period, the bacteria 
count reached a maximum and remained constant 
within a certain time, when the fermentation 
process stopped [16]. In the declining phase, the 
microbes started the process of autolysis and 
produced some toxic substances, which were not 
conducive to bacterial growth [17]. Studies 
displayed that with the fermentation period of 38 ~ 
42h, 50L of the fermentation medium was put in the 
70L fermentor with 6% of the inoculum size, the 
bacteria counts can reach to 9.80×108cfu/ml[18]. 

 
(2) The influence of incubation time on the 

bacteria count of Azotobacter chroococcum. The 
Azotobacter chroococcum suspension was 
inoculated into ERG and EHP, and the flasks were 
incubated for 10 days. The bacteria counts were 
measured every 24h by plate count method.  

According to Fig.2, similar to Bacillus 
megaterium, the bacteria counts of Azotobacter 
chroococcum increased as fermentation process 
was sustained, but after a certain time, the number 
of viable cells decreases gradually. Fig.2 (a) showed 
that in ERG, the logarithm of bacteria count 
reached the maximum value of 10.477 (the 

bacteria count was 3.00×1010 cfu/ml) when the 
incubation time was 4d; while in EHP (Fig.2 (b)), 
the logarithm of bacteria count reached the 
maximum value of 10.525 (the bacteria count was 
was3.35×1010cfu/ml) when the incubation time was 
5d. Therefore, the best incubation time can be 4 ~5 
days. As seen in Fig.2, EHP was more suitable for 
Azotobacter chroococcum growth to produce 
biofertilizer. 

 
(3) The influence of incubation time on the 

bacteria count of Bacillus mucilaginous. The 
Bacillus mucilaginous suspension was inoculated 
into ERG and EHP, and the flasks were incubated 
for 10 days. The bacteria counts were measured 
every 24h by plate count method. 

According to Fig.3, the bacteria count of 
Bacillus mucilaginous increased as fermentation 
process was continued, but after a certain time, the 
bacteria count decreases gradually. Fig.3 (a) 
showed that in ERG, the logarithm of 
bacteria count reached the maximum value of 
10.190 (the bacteria count was 1.55×1010cfu/ml) 
when the incubation time was 7d; while in EHP 
(Fig.2 (b)), the logarithm of bacteria count reached 
the maximum value of 12.820 (the bacteria count 
was 6.60×1010cfu/ml) when the incubation time 
was 6d. Therefore, the best incubation time can be 
6 ~7 days. From the above results, it was known 
that EHP was more suitable for Bacillus 
mucilaginous growth to produce biofertilizer. 

 

 

 

  

(a)                       (b) 
FIGURE 2  

The growth trends of Azotobacter chroococcum in ERG and EHP 
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(a)                              (b) 
FIGURE 3 

 The growth trends of Bacillus mucilaginous in ERG and EHP
 

 

  

(a)                             (b) 
FIGURE 4  

The influence of inoculum size on the bacteria count of Bacillus megatherium in ERG and EHP 
 
 

Through the hydmthermal process, the 
solubility of organic compounds and degree of 
liquefaction of the restaurant garbage increased. 
Thus, substance such as slightly soluble 
macromolecular starch, protein and fat can be 
turned into reducing sugars, amino acids, fatty acids 
in form of small molecules, enriching the organic 
content of the EHP and benefiting the absorption 
and digestion of the bacteria.  

 
The influence of inoculum size on the 

bacteria counts. The suspension of strains was 
added to ERG and EHP with inoculum size ranging 
from 0.5% (v/v) to 2.5%(v/v)( 0.5% 1% 1.5%
2% 2.5%). Under the optimal growth temperature, 
appropriate rotation speed and the best incubation 
time condition of each strain, the bacteria counts 
were measured by plate count method. 

 

(1) The influence of inoculum sizes on the 
bacteria counts of Bacillus megatherium. The 
Bacillus megaterium suspension was transferred 
into ERG and EHP with 5 percentages of inoculum 
sizes, fermented 6 days in ERG, and 7 days in EHP. 
Both were in condition of 30°C with shaking at 
150r/min. The bacteria counts were measured by 
plate count method. The results were presented in 
Fig.4. 

In ERG (Fig.4 (a)), the bacteria counts grew 
with the increase of inoculum sizes at the beginning, 
the bacteria counts reached to 9.75 × 1012cuf/ml 
when the inoculum size was 2.0%. After that, the 
bacteria counts decreased as the inoculum sizes 
were increased. In EHP(Fig.4 (b)),  the 
bacteria counts reached to 9.6×1012cuf/ml when the 
inoculum size was 2.0%, which was the Maximum. 
After that, the bacteria counts decreased with the 
inoculum sizes increased. In industrial production, 



© by PSP  Volume 25  No. 11/2016, pages 4929-4936    Fresenius Environmental Bulletin  

 4934 

for economic considerations, 2.0  of inoculum 
size can reach the requirements for growth and too 
large percentage is not advisable. 

In the present study, when the inoculum sizes 
ranged from 0.5% to 6.0%, bacterial spores 
increased as the bacteria count was increased [19]. 
When the inoculum sizes reached out of 6%, it 

cells [20]. On the other hand, cells decreased as the 
inoculum sizes were up to 15% [21]. So, it was not 
conducive to the normal fermentation with too 
lower or too higher percentage. 

 
(2) The influence of inoculum size on the 

bacteria counts of Azotobacter chroococcum. The 
Azotobacter chroococcum suspension was 
transferred into ERG and EHP with 5 percentage of 
inoculum size, fermented 4 days in ERG, and 5 

days in EHP. Both were in condition of 28°C with 
shaking at 120r/min. The bacteria counts were 
measured by plate count method. The results were 
presented in Fig.5. 

In ERG (Fig.5 (a)), the bacteria counts 
increased with the increase of inoculum sizes at the 
beginning, the bacteria count reached to 
2.90×1010cuf/ml when the inoculum size was 1.5 . 
After that, bacteria counts decreased with the 
increase of inoculum sizes. In EHP(Fig.5 (b)), the 
bacteria count reached to 3.15×1010cuf/ml when the 
inoculum size was 1.0 , which was the Maximum. 
After that, the bacteria counts decreased with the 
increase of inoculum sizes. In industrial production, 
for economic considerations, 1.5 and 1.0  of 
inoculum sizes can reach the requirements for 
growth and too large percentage is not advisable. 

 

 

  

(a)                              (b) 
FIGURE 5 

The influence of inoculum size on the bacteria counts of Azotobacter chroococcum in ERG and EHP 
 

 

  

(a)                                (b) 
FIGURE 6  

The influence of inoculum size on the bacteria count of Bacillus mucilaginous in ERG and EHP 
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(3) The influence of inoculum size on the 
bacteria count of Bacillus mucilaginous. The 
Bacillus mucilaginous suspension was added into 
ERG and EHP with 5 percentage of inoculum size, 
fermented 7days in ERG, and 6 days in EHP. Both 
were in condition of 30°C with shaking at 160r/min. 
The bacteria counts were measured by plate count 
method. The results were presented in Fig.6. 

In ERG (Fig.6 (a)), the bacteria counts 
increased as inoculum sizes was increased at the 
beginning, the bacteria count reached to 
1.60×1010cuf/ml when the inoculum size was 1.5 . 
After that, the bacteria counts decreased with the 
increase of inoculum sizes. In EHP(Fig.6 (b)), the 
bacteria count reached to 6.75×1012cuf/ml when the 
inoculum size was 2.0 , which was the maximum. 
After that, bacteria counts decreased with the 
increase of inoculum sizes. In industrial production, 
for economic considerations, 1.5 and 2.0  of 
inoculum sizes can reach the requirements for 
growth and too large percentage is not advisable. 
 
 
CONCLUSIONS 

 
The main components, COD and pH of ERG 

and EHP, the best incubation time and best 
bacteria count of Bacillus megatherium, 
Azotobacter chroococcum and Bacillus 
mucilaginous respectively in food wastewater were 
analyzed in the paper.  Three strains all grow well 
in the ERG and EHP, latter of which is more 
suitable for the growth of strains as for the other 
best factors that influence the production of liquid 
fertilizer by food wastewater, more studies and 
researches are necessary to improve the utilization 
of the food wastewater and lessening of the 
pressures of environmental pollution. 
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ABSTRACT 
 

This research aimed to make an energy input-
output analysis of different tillage methods on the 
secondary crop sunflower production during 
production years in 2010 and 2012. In order to 
determine energy input-output of sunflower, the 
treatments were performed in Thrace region of 
Turkey to determine the amount of energy use 
efficiency for different tillage methods. This study 
was perform to evaluate the effects of different 
tillage methods on energy use, the energy input-
output ratios and profitability for sunflower 
production. The research was planned as a 
completely randomized parcel design with four 
tillage systems in four replications. The effects of 
tillage were found on energy indicators. Avarege of 
the highest energy use efficiency (1.36), energy 
productivity (0.054 kg MJ-1) and net energy 
(16039.23 MJ) were found in T4 method but T1 had 
the lowest. T4 method should be supported and 
recommended for the energy sustainability of 
sunflower agriculture. 
 
 
KEYWORDS:  
Energy use efficiency, tillage, sunflower, secondary 
product, Turkey. 
 
 
INTRODUCTION 
 

A great part of the energy consumed in plant 
production is used in soil tillage. The primary 
purpose in agricultural farms is to obtain the 
maximum income with the fewest amount of input 
as in all managements [1,2]. Energy use in 
agriculture has become more intensive in response 
to increasing population, limited supply of arable 
land and a desire for higher living standards. In 
order to cover required food need of the growing 
population, chemical fertilizers, pesticides, farm 
tractors and machineries, electricity and other 
natural resources are used. But intensive use of 
these sources causes environmental problems which 
threatens the public health. So, efficient use of 

energy sources in agricultural production will 
minimize environmental problems, prevent 
destruction of natural resources and improve 
sustainable agriculture [3,4,5,6]. From an energetic 
point of view, an efficient agricultural operation is 
defined as where the energy embodied in the 
outputs is higher than the inputs. Thus, an output-
input ratio above one is to be expected. Input-
output combinations are location specific and these 
local particularities as well as externalities of each 
system must be taken into account [7,8].  

Tillage typically represents half of the 
operations carried out annually in a field in terms of 
machine traffic. Soil tillage operation for millet 
production was found to be the highest energy 
consumed in all farmer groups with the rate of over 
40% of total energy inputs. Tillage is one of the 
operations that consume 55-65% of the direct 
energy in arable production. High energy costs of 
conventional tillage applications, damages of 
stubble burning to soil and environment require 
trying different tillage systems in production [8,9]. 
There is limited information available on long-term 
energy balances for sunflower related to tillage. 
Long-term energy balance information would be 
useful for improving the efficiency of sunflower 
production. The main objectives of the present 
study were to determine the energy output / input 
ratios for the different tillage systems for sunflower 
production. 

Researches were done energy input-output 
analysis on soil tillage methods in the world. For 
example, researches have been made on energy 
usage activities of corn [8], wheat [10], chick pea 
[11] and sugar beet [12] etc. It has been not 
contained any research regarding the energy 
balance of soil tillage methods of secondary 
sunflower production in Thrace region. Barut et al. 
[8] reported that, 
tillage should be to create the most appropriate soil 
conditions by taking into consideration energy use 
efficiency because it allows financial savings, fosil 
resources preservation and environment pollution 

Reducing tillage practices results in 
lower energy consumption as well as soil erosion 
protection, structural damage control and a 
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reduction in time and energy required for seedbed 
preparation [13]. Sunflower is the most important 
livelihood source within the Thrace region in macro 
and micro terms and defining the energy balance is 
the aim of this research. 

 
 

MATERIALS AND METHODS 
 
Thrace region is located at north-western part 

of Turkey, and is like a peninsula extension of the 
European continent. The land area is 2,372,100 ha, 

land area [14]. The great part of the precipitation is 
as rainy and certain part is as snowy. The long 
years precipitation average was determined as 
594.70 mm. According to the perennial data, the 
average temperature is 13 0C. When the highest 
average air temperatures are observed in July-
August months, the lowest average temperatures 
are observed in January and February months [15]. 
The textural class of the soil in the research site is 
clayey and loamy. The research was carried out in 
Atatürk Soil, Water and Agricultural Meteorology 
Research Station in Thrace region. Treatments have 
been performed in production season during in 
2010 and 2012. Barley was planted as first primary 
product Main material of research were composed 
of treatments and measures made with parcels in 
Thrace region. The research carried out on 
treatments plots 240 m2 (6 m wide x 40 m length) 
were planned in completely randomized parcel 
design with four treatments and three replications 
were used. Treatments methods were consisted 
based on tillage intensities as follows: 

T1: Turn shredder + heavy tine spring 
cultivator + pneumatic precision drill. 

T2: Turn shredder + rotory tiller + pneumatic 
precision drill. 

T3: Turn shredder + chisel + heavy duty disk 
harrow + pneumatic precision drill. 

T4: Plough + heavy duty disk harrow + 
pneumatic precision drill.  

 
T1, T2, T3 and T4 systems were performed in 

once. The machinery used in this research were 
operated with the standard tractor of 85 HP. Total 
fuel consumption of each parcel was calculated as 
(liter ha-1) by adding the fuel consumptions of the 
devices and the machines used for tillage and 
planting in tillage. The timekeeper with hour, 
minute, second, split-second was used for time 
consumption. Fuel measurement device was used 
for the calculation of fuel consumption. It was 
utilized from Kienzle fuel measurement system for 
the determination of the fuel consumptions of the 
tools and machines. Systems after the pre-plant 
harvesting in the treatment. Labor yield of each 
parcel (ha h-1) was calculated by proportioning the 
total time calculated for soil tillage and sowing in 
each parcel of the trial to the area amount. The 4 kg 
of sunflower seed per hectare was used for sowing 
in all treatments. N of 103.50 kg ha-1, P of 37.50 kg 
ha-1 and K of 37.50 kg ha-1 were performed at the 
same time for all the treatments. Plant protection 
(chemicals) and irrigation were performed at the 
same time for all the treatments. Chemicals of 4.50 
kg ha-1 and irrigation 7500 m3 ha-1 were applied. 
The sunflower was harvested by combine harvester. 
 

 
TABLE 1 

Energy equivalents of inputs and outputs in agricultural production of secondary sunflower 
 

Inputs and outputs Unit 
Energy 

equivalent 
coefficient 

Sources 

Inputs Unit 
Values 

(MJ / unit) 
Sources 

Human labour h 1.96 [16,17] 
Machinery h 64.80 [5, 18] 
Harvesting (Combine) h 87.63 [19,20,21] 

Chemical fertilizers 
Nitrogen kg 60.60 [18] 
Phosphorous kg 11.10 [18] 
Potassium kg 6.70 [18] 
Chemicals kg 101.20 [22] 
Diesel fuel l 56.31 [23,18] 
Irrigation (Sprinkler) m3 4.20 [24,25] 
Seed kg 3.60 [26, 27] 

Outputs Unit 
Values 

(MJ/unit) 
Sources 

Sunflower yield kg 25 [26] 
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Total energy input in unit area (ha) constitutes 
energy. Following the 

treatments and measures held at sunflower facilities 
in Thrace region, energy input and output values 
were defined. As energy inputs, human labour 
energy, machinery energy, chemical fertilizers 
energy, chemicals energy, diesel fuel energy, 
irrigation energy and seed energy values were taken 
into consideration. Sunflower yield was the output 
calculated. In the agricultural production of 
secondary sunflower in Table 1, energy equivalents 
of inputs and outputs had been taken as energy 
values. Energy balance calculations were made to 
determine the sunflower production productivity. 

The units shown in Table.1 was used to find 
out the values of the inputs in sunflower 
production. Input amounts had been calculated and 
then these input data was multiplied by the energy 
equivalent coefficient. When determining the 
energy equivalent coefficients, previous energy 
analyse sources had been used. By adding energy 
equivalents of all inputs in MJ unit, the total energy 
equivalent was found. For example, in order to 
determine the energy usage efficiency in wheat 
production, Mohammadi et al. [28] reported that, 

productivity, specific energy and net energy were 
calculated using the following formulates [29,3 .  

 

Energy use efficiency =                 (1) 

Energy productivity =                 (2) 

Specific energy =                        (3) 

Net energy = Energy output (MJ ha-1) - Energy 
input (MJ ha-1)                                                      (4) 

 
Resources of previous researches were used in 

determining the coefficients of energy equivalence. 
The results were tabulated after the analysis of data 
was done using Microsoft Excel program 
considering the inputs. Examining the values of 
sunflower input-output and calculations were given 
in Table 2 and Table 3. Average energy efficiency 
calculations in secondary sunflower production 
were given in Table 4. 
 
 
RESULTS AND DISCUSSION 
 

The energy equivalents of the inputs and 
outputs in the secondary sunflower production were 
given in Table 2 and Table 3. In secondary 
sunflower production, it is noteworthy that 
irrigation, chemical fertilizers and diesel fuel 
energy were used as the highest input. The 
irrigation, chemical fertilizers, chemicals and seed 

were performed at the same amount for all 
the treatments in 2010 and 2012 in all treatments. 
The first, second and third of the highest energy of 
average inputs in sunflower production were 31500 
MJ ha-1, 6936.60 MJ ha-1 chemical fertilizers energy 
and 4384.26 MJ ha-1 diesel fuel energy. The 
irrigation was the highest in the total energy input 
with the value of 31500 MJ ha-1 followed by 
chemical fertilizers and diesel fuel energy. N of 
103.50 kg ha-1, P of 37.50 kg ha-1 and K of 37.50 kg 
ha-1 were performed. Similarly, [31] found that in 
sunflower research the irrigation energy had the 
first of the biggest amount with 34404.90 MJ ha-1. 
Chemicals of 4.50 kg ha-1 were performed and 
energy input was 455.40 MJ ha-1. Seed of 4 kg ha-1 
were performed and energy input 14.40 MJ ha-1. In 
this research, fertilizer application energy had the 
second of the biggest share as 6939.60 MJ ha-1. 
Similarly, in previous studies, [26], [31] found that 
in sunflower research the fertilizer application 
energy had the second of the biggest amount with 
9707.20 MJ ha-1 and 4480 MJ ha-1, respectively. 

Human labour energy was used for tractor and 
farm operations such as land prepartion, planting, 
irrigation, fertilizer application, spraying and 
harvesting. Average human energy inputs was 
ranged between (T2) 491.97 MJ ha-1 and (T3) 493.69 
MJ ha-1. Average of machinery energy input was 
ranged between (T1) 628.71 MJ ha-1 and (T3) 
690.09 MJ ha-1. Machinery energy was used for 
tractor and farm operations. The sunflower was 
harvested by combine harvester. Kheiralla et al.[32] 
reported that, disk harrow was the most energy 
efficient machinery in terms of fuel consumption 
and specific energy, followed by the rotory tiller, 
disk plough and moldboard plough. Similarly, in 
this research diesel fuel consumption was the 
highest T4 method. Carman [33] reported that, tillage 
systems had a significant effect on wheat yield. The 
greatest yield was obtained with a stubble 
cultivator, followed by disc harrowing treatment. 

There was no significant difference in human 
labor energy using. The average total energy input 
for sunflower production in T2 method 43549.12 
MJ ha-1, compared to 44332.64 MJ ha-1 in T4 
method. Based on average values, the different 
tillage systems were effective on fuel consumption. 
The differences in fuel consumption between the 
tillage systems were significant. While the lowest 
fuel consumption was T2 method, the highest fuel 
consumption was T4. Similarly, [8] found that, 
based on average values, the different tillage 
systems were effective on fuel consumption. 
During the researches in the treatments, the amount 
of sunflower produced per hectare during the 2010 
and 2012 production season were calculated as 
52500 and 68500 kg. Average of the maximum 
yield was 60500 kg ha-1 in the T4 compared to the 
other tillage treatments. 
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TABLE 2 
Energy input-output analysis in secondary sunflower production in 2010 (First year) 

 
Inputs and outputs T1 T2 T3 T4 

Inputs 
Energy value 

(MJ ha-1) 
Energy value 

(MJ ha-1) 
Energy value 

(MJ ha-1) 
Energy value 

(MJ ha-1) 

Human labour (h) 492.23 492.03 493.82 493.33 
Machinery (h) 644.91 634.03 693.65 677.45 
Diesel fuel (l) 3555.95 3562.15 3885.37 4508.72 
Chemical fertilizers (kg) 6939.60 6939.60 6939.60 6939.60 
Chemicals (kg) 455.40 455.40 455.40 455.40 
Seed (kg) 14.40 14.40 14.40 14.40 
Irrigation (m3) 31500 31500 31500 31500 
Total inputs (MJ ha-1) 43602.49 43597.61 43982.24 44588.90 
Total outputs (MJ ha-1) 44500 51750 43000 52500 

 
TABLE 3 

Energy input-output analysis in secondary sunflower production in 2012 (Second year) 
 

Inputs and outputs T1 T2 T3 T4 

Inputs 
Energy value 

(MJ ha-1) 
Energy value 

(MJ ha-1) 
Energy value 

(MJ ha-1) 
Energy value 

(MJ ha-1) 

Human labour (h) 492.12 491.91 493.57 493.10 
Machinery (h) 612.51 631.46 686.54 670.34 
Diesel fuel (l) 3535.09 3440.49 3911.23 4259.80 
Chemical fertilizers (kg) 6939.60 6939.60 6939.60 6939.60 
Chemicals (kg) 455.40 455.40 455.40 455.40 
Seed (kg) 14.40 14.40 14.40 14.40 
Irrigation (m3) 31500 31500 31500 31500 
Total inputs (MJ ha-1) 43549.12 43473.26 44000.74 44332.64 
Total outputs (MJ ha-1) 61750 58750 64500 68500 
 

TABLE 4 
Average of energy efficiency calculations in secondary sunflower production 

 
Calculations Unit T1 T2 T3 T4 

Sunflower kg MJ-1 2125 2210 2150 2420 
Inputs MJ ha-1 43575.81 43535.44 43991.49 44460.77 
Outputs MJ ha-1 53125 55250 53750 60500 
Energy use efficiency  1.21 1.26 1.22 1.36 
Specific energy MJ kg-1 21.06 19.78 21.31 18.71 
Energy productivity kg MJ-1 0.048 0.051 0.049 0.054 
Net energy MJ ha-1 9549.20 11714.57 9758.51 16039.23 
 
 

Different tillage treatments showed significant 
effects on energy indicators (Table 4). The energy 
use efficiency was the highest in T4 method with 
the value of 1.36 while the lowest ratio  in T1 
method with the value of 1.21. In the 2010 year of 
the research, the yields were lower than the 2012 
year, thus the energy use efficiencies were lower in 
2010 than 2012. While the energy productivity was 

ranged between 0.048 for T1 method, 0.051 for T2 
method, 0.049 for T3 method and 0.054 kg MJ-1 for 
T4 method. Specific energy was between 19.78 for 
T2 method and 21.31 MJ kg-1 for T3 method. 
Analysis of mean comparasions between the 
treatments on net energy value showed differences 
(Table 4). It showed T4 had the biggest net energy 
and T1 had the lowest.  



© by PSP  Volume 25  No. 11/2016, pages 4937-4943  Fresenius Environmental Bulletin  

 

 
 

4941

In previous tillage researches, [34], calculated 
the energy use efficiency in corn silage research as 
2.27. [35], calculated energy use efficiency in 
wheat research as 2.59, 2.38 and 2.81 for 
conventional, reduced tillage and direct seeding 
applications, respectively. [11], calculated energy 
use efficiency in chick pea research as 2, 1.81, 
0.205 and 0.875 for conventional, reduced tillage, 
direct seeding and direct seeding with herbicides 
applications, respectively. [36], calculated energy 
use efficiency in chick pea research as 0.192, 0.141, 
0.369 and 0.604 for conventional, reduced tillage, 
direct seeding and direct seeding with herbicides 
applications, respectively. [13], calculated specific 
energy in wheat research as between 8.81 and 
11.78. [10], calculated energy use efficiency in 
wheat research as 6.63 and 5.29 for flat planting 
and ridge planting. [26], calculated energy 
productivity, energy output / input ratio in 
sunflower research as 0.12 kg MJ-1, 2.95. 

Baran and Gokdogan [12] reported that, 
Efficient use of energy is one of the principal 

requirements of sustainable agriculture. Energy use 
in agriculture has been increasing in response to 
increasing population, limited supply of arable land, 
and a desire for higher standards of living. 
Continuous demand in increasing food production 
resulted in intensive use of chemical fertilizers, 
pesticides, agricultural machinery, and other natural 
resources. However, intensive usage of energy 
causes problems which  threatens public health and 
environment. Efficient use of energy in agriculture 
may minimize environmental problems, may 
prevent destruction of natural resources and 
promote sustainable agriculture as an economical 
production system [37] . 

In this research, sustainability of different 
tillage systems was examined in terms of energy 
use efficiency. The results showed that different 
tillage systems affected energy use efficiency for 
sunflower production. Among the four different 
tillage methods, the maximum energy was 
consumed from irrigation followed by chemical 
fertilizers, diesel fuel, machinery, human labour, 
chemicals and seed. The level of irrigation, 
chemical fertilizers and diesel fuel was one of the 
significant determinants of the total energy input. 
The highest energy output was determined in T4 
while the lowest ratio in T1. The highest energy use 
efficiency and net return were in T4. It can be 
concluded that the sunflower production is the most 
profitable due to its higher energy use efficiency. 
Average of the maximum sunflower yield was 
52500 kg ha-1 in 2010 and 68500 kg ha-1 in 2012. 
Average of the maximum yield was 60500 kg ha-1 
in the T4 compared to the other tillage treatments. 
The lowest task time and fuel consumption were 
determined in the T2 that included less field traffic. 
Taking into account the significant environmental 
advantages that can be obtained with the adoption 

of a reduced tillage system; the T4 appears 
the best method for the replacement of the other 
tillages.  

Tabatabaeefar et al.[13] reported that, 
[38] all of the reduced tillage 

systems required significantly less energy than did 
the conventional systems. This means that growers 
can save money by reducing fuel costs. In addition, 
since all of the reduced tillage systems required 
fewer passes over the field surface than did the 
conventional systems, a time savings would be 
realized as well. Similar results were reported by 
[39]  This research will be helped in energy 
requirements of tillage machinery for Thrace region  
mechanization applies. 
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ABSTRACT 
 

In this study, the optimization of reaction 
conditions, pathways and kinetic model in the 
removal of CS2 by lake sediment biochar catalyst 
were investigated. The reaction conditions affected 
the competitive adsorption, catalytic hydrolysis 
rate, oxidation of hydrolysis product (H2S), sulfur 
capacity, catalytic hydrolysis efficiency and 
activity. The removal processes of CS2 include 
catalytic hydrolysis of CS2 and oxidation of H2S. 
The first step (CS2 is hydrolyzed into COS) was the 
controlling step for the whole hydrolysis reaction. 
Meanwhile, the result showed that H2S was 
oxidized to elemental sulfur and sulfate was the 
main reason for the deactivation of the catalyst. 
 
 
KEYWORDS: 
lake sediment, biochar, reaction conditions, catalytic 
hydrolysis of carbon disulfide, kinetic model 
 
 
INTRODUCTION 

 
With the increasingly serious air pollutions, 

the control of air pollutions is significant. As the 
main source of air pollutions, industrial waste gas 
has become the focus of control. In the phosphorus 
chemical industry, CO in the yellow phosphorus tail 
gas was the primary component and it was a 
chemical raw material in the C1 (One carbon) 
chemical industry [1]. However, the CS2 (carbon 
disulfide) in the yellow phosphorus tail gas had 
great effect on the subsequent C1 chemical industry, 
such as the corrosion of pipes, the deactivation of 
the catalyst, the reduction of product purity, and so 
on. Therefore, the removing of CS2 is a valuable 
problem. 

So far, the method of removing carbon 
disulfide is mainly catalytic hydrolysis. It has the 
advantages of low energy consumption, high 
removal efficiency, less side product. In the 
previous studies, the influence of the preparation 
conditions and modifications on the removal of CS2 
were mainly manifested in the effects of pore size 

distribution, specific surface area and catalyst 
distribution [2-4]. Z.AI-Qodah et al. used activated 
sludge to prepared biochar [5]. In this study, 
biochar had the large specific area, the low 
inorganic composition. Meanwhile, it was a low 
cost biochar raw material. However, there was little 
study focused on the kinetic models for removal of 
CS2. Therefore, in the study, the biochar was 
obtained from lake sediment, and the influences of 
the reaction conditions (reaction temperature, 
relative humidity (RH), inlet concentration, oxygen 
content), pathways and kinetic model on removal of 
CS2 were investigated. 
 

 
MATERIALS AND METHODS 

 
Materials. In this study, the support of 

biochar catalyst was obtained by lake sediment 
from Tien Lake (Kunming, Yunnan Province, 
China). The lake sediment was firstly dried at 120 
°C for 12h. It was carbonized in the pipe furnace 
under the nitrogen environment at 600 °C (the 
heating rate was 10 °C/min) for 60 min, and then 
activated with 2 (the ratio of 2 to carbon of 2:1) in 
the pipe furnace under the nitrogen environment at 
600 °C (the heating rate was 10 °C/min). Next, the 
walnut biochar was washed with 0.1 mol/L dilute 
nitric acid for removal of ash and activating agent 
and washed with distilled water to a constant pH, 
and then dried at 120 °C for 4 h in the drying box. 
The modified lake sediment biochars catalysts were 
prepared by sol-gel method. Fe(NO3)3 solution and 
Na2CO3 solution (the determination of Na2CO3 
content depended on completely reaction between 
Fe(NO3)3 solution and Na2CO3 solution). The 
biochars were supported by desired proportion (the 
active component was Fe2O3 and mass content of 
Fe2O3 was 10%). Then, the sample were dipped 
under the ultrasonic for 30 min to dip fully and then 
dried at 120 °C for 3-4 h. Next, the sample were 
calcined at 500 °C for 3 h under atmospheric 
condition (82.4kPa). Then, the sample were 
impregnated by desired content (mass content of 
KOH was 10%) KOH solution, and the samples 
were dipped under the ultrasonic for 30 min to dip 
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fully. Finally, the samples were dried at 120 °C for 
3-4 h. The modified lake sediment biochar catalyst 
had high removal efficiency of CS2, and the 90% 
removal rate of CS2 kept 280 min (in Fig.S1). 
Meanwhile, the sulfur capacity (end at 90% CS2 
conversion) was 14.88 mgS/gbiochar. 

 
Characterization. X-ray Photoelectron 

Spectroscope (XPS) (PHI 5500) analysis used Al 

200 W. Kinetic energies of the photoelectrons were 
measured by a two-stage spectrometer. The 
analyzer resolution was 1 eV. An Ar+ ion gun was 
used to sputter clean specimen surfaces. The ion 
energy was set to 1 keV and the sputtering time was 
10 min. The photoelectron spectra were calibrated 
using the C1s signal detected at a binding energy of 
284.8 eV from adventitious carbon. Atomic 
compositions were calculated with the corrected 
Scofield coefficients of the transmission function of 
the analyzer and/or with experimental coefficients 
determined for a reference compound. The 
continuum spectrum was fitted according to the 
Gaussian-Lorentzian files. 

 
Test of catalytic activity. The desulfurization 

tests were performed in a fixed-bed quartz reactor 
under atmospheric pressure. CS2 from gas cylinder 
(0.3% CS2 in N2) was diluted with N2 (99.99%) to 
the required concentration (CS2: 60 ~ 120 ppm). 
The overall gas hourly space velocity (GHSV) was 
2000 ~ 15000 h-1. The water from a saturator 
system, which the temperature was 0.3 ~ 15 °C and 
the corresponding relative humidity was 17 ~ 60%. 
The reaction temperature of the reactor was 
controlled to 40 ~ 70 °C by water-bath. The oxygen 
content was 0 ~ 5%. The CS2, COS (an 
imtermediate), H2S (a hydrolysis product), SO2 (an 
oxidation product) concentration of mixture gas 
feed and effluent from this reactor were analyzed 
by a HC-6 sulfur phosphorus microscale analyzer. 
The conversion of CS2 was achieved by calculating 
the inlet and outlet concentration of CS2: 

 
2inlet 2outlet

2
2inlet

CS CS
CS conversion (%) 100

CS   (Eq.1) 
Sulfur capacity (mgS/gcatalyst) is defined as the 

quality of sulfur on the unit mass of catalyst (end at 
90% CS2 conversion). 

 
 

RESULTS 
 
Influence of reaction conditions on catalytic 

hydrolysis of CS2. Influence of reaction 
temperature on catalytic hydrolysis of CS2. The 
conversion efficiency of CS2 with different reaction 
temperature were showed in Fig.1. From Fig.1, it 
showed that the conversion efficiency initially 
increased but then decreased with increasing 

reaction temperature. The catalyst had the 
best CS2 conversion efficiency at 60 °C, and it 
showed that 90% CS2 conversion rate kept 300 min. 
Based on the energy results of theoretical 
calculation of CS2, COS, H2O, CO2, H2S (in 
Tab.S1), it can be found that the whole process of 
hydrolysis was an endothermal reaction. However, 
the relative energy in the first step (CS2 COS) 
decreased from 0 to -1.46 kJ/mol, and the relative 
energy in the second step (COS H2S) increased 
from -1.46 to 1.20 kJ/mol, which indicated that the 
increasing of reaction temperature promoted the 
hydrolysis of CS2 and COS, especially in the 
second step. Therefore, the generation rate of H2S 
became more quickly with increasing reaction 
temperature. When the generation rate of H2S was 
higher than the desorption rate of H2S on the 
surface of catalyst, H2S would accumulate on the 
surface, which would cover the adsorption sites, 
catalytic sites and inhibit the catalytic hydrolysis 
reaction. 

 
Influence of relative humidity on catalytic 

hydrolysis of CS2. The conversion efficiency of 
CS2 with different relative humidity were showed in 
Fig.2. From Fig.2, it showed that the conversion 
efficiency initially increased but then decreased 
with increasing relative humidity. The catalyst had 
the best CS2 conversion efficiency at 49% relative 
humidity, and it showed that 90% CS2 conversion 
rate kept 300 min. The RH plays an important role 
in hydrolysis of CS2. The increasing of RH 
enhances the hydrolysis process. However, 
excessive water could inhibit the hydrolysis of CS2 
because the competitive adsorption between H2O 
and CS2 on the active sites [6]. Meanwhile, the 
creation of water films on the surface of catalyst 
inhibited the diffusion of CS2, which decreased the 
CS2 hydrolysis efficiency [7]. 

 
FIGURE 1 

 Catalytic hydrolysis of CS2 over biochars in 
different reaction temperature (Reaction 

conditions: RH = 49%; GHSV = 5000 h-1; 90 
ppm CS2; O2 = 0%) 
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FIGURE S1 

 Removal efficiency of CS2 over modified lake 
sediment biochar catalyst (Reaction conditions: 

90 ppm CS2; GHSV = 5000 h-1; reaction 
temperature: 70 °C; RH = 49%; O2 = 0%) 

 
 

TABLE S1 
The energy results of theoretical calculation of 

reactants and products in the hydrolysis process 
(Calculation method: B3LYP; basic sets: 6-

311+G; calculated in the Gaussian 09 software 
package) 

 

Components 
Energy 

(kJ/mol) 

Relative 
Energy 

(kJ/mol) 
CS2 -523648.35  
COS -320988.60  
H2O -47958.26  
H2S -250619.47  
CO2 -118324.73  

CS2+2H2O -619564.87 0 
COS+H2S+H2O -619566.33 -1.46 

CO2+2H2S -619563.67 1.20 

 
FIGURE 2 

Catalytic hydrolysis of CS2 over biochars in 
different relative humidity (Reaction conditions: 
reaction temperature = 60 °C; GHSV = 5000 h-1; 

90 ppm CS2; O2 = 0%) 

Influence of inlet concentration on 
catalytic hydrolysis of CS2. The conversion 
efficiency of CS2 with different inlet concentration 
were showed in Fig.3. From Fig.3, the conversion 
efficiency decreased with increasing inlet 
concentration. However, the sulfur capacity (in 
Tab.S2) initially increased but then decreased with 
increasing inlet CS2 concentration. When the inlet 
concentration increased, more CS2 and H2O 
molecules could be adsorbed on the active site, 
which improves the utilization rate of active sites 
[8]. Therefore, the sulfur capacity increased. With 
increasing inlet CS2 concentration, the generation 
rate of H2S became more quickly, which covered 
the adsorption sites and catalytic sites. Therefore, 
the sulfur capacity decreased.  

 
Influence of oxygen content on catalytic 

hydrolysis of CS2. The conversion efficiency of 
CS2 with different inlet concentration were showed 
in Fig.4. From Fig.4, it showed that the conversion 
efficiency initially increased but then decreased 
with increasing oxygen content. The catalyst had 
the best CS2 conversion efficiency at 1% O2, and it 
showed that 90% CS2 conversion rate kept 360 min. 
Introducing a small amount of oxygen promoted the 
catalytic hydrolysis of CS2 in that the oxygen could 
promote the oxidation rate of H2S and generation of 
sulfate [8]. When the oxygen content is more than 
1%, the oxidation rate of H2S increased with the 
increased oxygen content, which would generate 
more sulfate. The sulfate decreased the catalytic 
hydrolysis activity. Therefore, the inhibitory effect 
was higher than the promoting effect in the high 
oxygen content. 

 
 Pathways of removal of CS2. In order to 

investigate the pathways, the XPS results were 
carried out in Fig.5. From Fig.5, there were some S 
species appeared on the surface of deactivated 
catalyst. SO4

2-, SO3
2- and SO2 species came from 

the oxidation of H2S. Combined with previous 
results, it indicated that the removal of CS2 includes 
hydrolysis of CS2 and oxidation of H2S. In the 
hydrolysis process, CS2 was firstly hydrolyzed into 
COS, and then COS was hydrolyzed into H2S. In 
the oxidation process, H2S was firstly oxidized into 
S, and then S was oxidized into SO3

2-/ SO4
2-. 

Meanwhile, the generation of S and sulfate resulted 
the deactivation of catalyst, it along with the 
previous study [8]. 
 

TABLE S2  
Sulfur capacity of catalyst with different inlet 

concentration 
 

Inlet CS2 concentration 
(ppm) 

Sulfur Capacity 
(mgS/gcatalyst) 

60 16.59 
90 14.88 
120 11.31 
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FIGURE 3 

Catalytic hydrolysis of CS2 over biochars in 
different inlet concentration (Reaction 

conditions: reaction temperature = 60 °C; RH = 
49%; GHSV = 5000 h-1; O2 = 0%) 

 

 
FIGURE 4 

Catalytic hydrolysis of CS2 over biochars in 
different oxygen content (Reaction conditions: 

reaction temperature = 60 °C; RH = 49%; 
GHSV = 5000 h-1; 90 ppm CS2) 

 
 

Based on these results, we conclude that the 
removal of CS2 involves four types of main 
reactions that depicted in Fig.6: 1) hydrolysis of 
CS2, 2) hydrolysis of COS, 3) oxidation of H2S, 4) 
oxidation of S.  

 
Kinetic model on catalytic hydrolysis of CS2. 

According to the blank experiment, it could be 
found that the reactor had no adsorption effect on 
removing of CS2. Meanwhile, the inlet and outlet 
concentration in the reactor reached equilibrium in 
15 seconds. Because the catalytic hydrolysis of CS2 
is a gas-solid phase reaction, so it is necessary to 
remove the effect of the internal diffusion and 
external diffusion in the reaction. 

 
FIGURE 5 

XPS characterization results of fresh catalyst 
and deactivated catalyst (S2p) (Reaction 

conditions: reaction temperature = 60 °C; RH = 
49%; GHSV = 5000 h-1; 90 ppm CS2; O2 = 1%) 

 
 

 
 

FIGURE 6 
The pathways of removal of CS2 
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Removal of the internal diffusion. The effect 
of catalyst particle size on internal diffusion in the 
gas-solid phase catalytic reaction was important, 
therefore, this study investigated the effect of 
different catalytic particle sizes (20-40 mesh, 40-60 
mesh, 60-80 mesh, 80-100mesh) on catalytic 
hydrolysis of CS2. The effect results were showed 
in Fig.7. From Fig.7, sulfur capacity increased with 
decreasing particle size. Below 60 mesh, the sulfur 
capacity increased dramatically, but the increasing 
trend became slow above 60 mesh. This indicated 
that the particle size of 40-60 mesh had removed 
the effect of internal diffusion, meanwhile, the 
smaller particle size was unable to significantly 
improve the sulfur capacity. Therefore, the 40-60 
mesh particle size was selected for the study of 
kinetic model. 

 
FIGURE 7 

Effect of particle size for sulfur capacity 
(Reaction conditions: reaction temperature = 60 
°C; RH = 49%; GHSV = 5000 h-1; 90 ppm CS2; 

O2 = 1%) 
 
 

Removal of the external diffusion. The effect 
of space velocity on external diffusion in the gas-
solid phase catalytic reaction was important. 
Therefore, the effects of different space velocity 
(2000 h-1, 3000 h-1, 5000 h-1, 8000 h-1, 10000 h-1, 
15000 h-1) on catalytic hydrolysis of CS2 were 
investigated. The reaction rate (rs) was used to 
evaluate the effect of space velocity and calculated 
as follow (As shown in Eq.2). 

s

dc
r

mdt  (Eq.2) 
In Eq.2: 
rs: reaction rate, mmol/(h·gcatalyst); 
dc: removal amount of CS2, mmol; 
m: mass of catalyst, g; 
dt: reaction time, h. 
Fig.6 showed the effect of space velocity for 

rs. From Fig.8, it showed that rs increased with 
increasing space velocity. the. Below 5000 h-1, the 

rs increased sharply. However, there was 
unobvious change above 5000 h-1. It indicated that 
the space velocity of 5000 h-1 had removed the 
effect of external diffusion. Therefore, the 5000 h-1 
space velocity was selected for the study of kinetic 
model. 

 
FIGURE 8  

Effect of space velocity for rs (Reaction 
conditions: reaction temperature = 60 °C; RH = 

49%; 90 ppm CS2; O2 = 1%) 
 
 

Kinetic experiment on removal of CS2. The 
previous study showed that the oxidation of H2S 
had little effect on the reaction mechanism of CS2 
hydrolysis [8]. Therefore, the kinetic model was 
mainly focused on the hydrolysis of CS2 (includes 
the hydrolysis of COS). The kinetic model for the 
hydrolysis of CS2 was derived into: 1) CS2 
hydrolysis, 2) COS hydrolysis. The reactions were 
characterized as follows: 

 

CS2 hydrolysis: 2 2 1 2CS +H O COS+H Sk1 COS+11   
(Eq.3) 
 

COS hydrolysis: 2 2 2 2COS+H O CO +H Sk2 2CO2 2   
(Eq.4) 
 

In the hydrolysis of CS2, CS2 was firstly 
hydrolyzed into COS and releasing heat. Then, 
COS was hydrolyzed into CO2 and H2S, which was 
an endothermic reaction. 

In the two reactions, the rate equations were 
assumed to be second order (when the 
concentration of water vapor was low). The kinetic 
equations for the rate of change of the 
concentrations of CS2 [CCS2], COS [CCOS], H2S 
[CH2S] can be given as follows: 

2

2

CS
1 CS 2

[C ]
[C ][H O]

d
k

dt   (Eq.5) 

2

COS
1 CS 2 2 COS 2

[C ]
[C ][H O] [C ][H O]

d
k k

dt  (Eq.6) 
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2

2

H S
1 CS 2 2 COS 2

[C ]
[C ][H O] [C ][H O]

d
k k

dt  (Eq.7) 
These equations were solved using the Matlab 

program which produced a least squares best fit to 
the experimental data. The calculation results were 
showed in Tab.1. In order to test the accuracy of the 
kinetic model, the experimental results were used to 
compare with the model in Fig.9. From Fig.9, it 
could be found that the results of kinetic model 
along with the experimental results and they had 
similar trends. Meanwhile, it indicated that the 
hydrolysis of CS2 and COS with low concentration 
of water vapor were second reaction. 

 
 

TABLE 1 
Rate contants for reactions 

 
k1 k2 
14.35 25.06 

 
FIGURE 9 

Experimental results and kinetic model results 
in hydrolysis of CS2 (Reaction conditions: 

reaction temperature = 60 °C; RH = 49%; 90 
ppm CS2; O2 = 0%) 

 
 

Meanwhile, according to Arrhenius equation 
(Eq.8), the Ea (CS2) was 48.35 kJ/mol and the Ea 
(COS) was 36.27 kJ/mol. The results indicated that 
the first step of hydrolysis of CS2 was the 
controlling step. It was along with the experimental 
results. 

RT

-Ea

Aek   (Eq.8) 
 

 
DISCUSSION AND CONCLUSIONS 
 

In this study, the four factors had great 
influence on removal of CS2, such as catalytic 
hydrolysis of CS2, competitive adsorption and 

oxidation of H2S. The reaction temperature 
affected the hydrolysis rate and generation of H2S. 
The relative humidity affected the creation of water 
film, competitive adsorption between CS2 and H2O, 
and diffusion of CS2 on the surface of catalyst. 
Higher inlet concentration decreased the sulfur 
capacity and significantly reduced the removal 
effect. The oxygen content affected the oxidation of 
H2S. Higher oxygen content increased the catalytic 
hydrolysis rate, but accelerated the deactivation of 
catalyst. 

Through experiment and calculation, the 
catalytic hydrolysis of CS2 is a second order 
reaction (low water vapor concentration). Through 
calculation and characterization, the CS2 removal 
process was divided into two steps: catalytic 
hydrolysis and catalytic oxidation. The first step 
(CS2 COS) of CS2 hydrolysis was the controlling 
step. Meanwhile, the formation of sulfate was the 
main reason of catalyst deactivation. Future 
research will include the detailed reaction 
mechanism calculation by quantum chemical 
method and its practical application 
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ABSTRACT 

The purpose of this study is to make an energy 
efficiency analysis of cotton production during the 
production season of 2013 in  of 
Turkey. In order to determine the energy input-
output of cotton, data provided by -Nazilli 
Cotton Research Institute have been availed of. The 
energy input and output in cotton production have 
been calculated as 29138.11 MJ ha-1 and 56050 MJ 
ha-1, respectively. Energy inputs consist of 38.65 % 
(11262 MJ ha-1) diesel fuel energy, 36.94 % (10764 
MJ ha-1) chemical fertilizers energy, 9.05 % 
(2637.36 MJ ha-1) machinery energy, 8.65 % (2520 
MJ ha-1) irrigation energy, 2.85 % (831.63 MJ ha-1) 
human labour energy, 2.64 % (769.12 MJ ha-1) 
chemicals energy and 1.21 % (354 MJ ha-1) seed 
energy. Energy efficiency, specific energy, energy 
productivity and net energy in cotton plant 
production have been calculated as 1.92, 6.13 MJ 
kg-1, 0.16 kg MJ-1 and 26911.89 MJ ha-1, 
respectively.  

 
 

KEYWORDS:  
Cotton, energy efficiency, energy productivity, 
specific energy, Turkey 
 

 
INTRODUCTION 

Cotton is an important product, as it 
contributes greatly to the textile industry by 

seed, to stockbreeding 
by  pulp, as well as enhancing our foreign trade 
through exportation. Furthermore, cotton creates 
important employment opportunities in producer 
countries. The cotton plant is mostly planted for 
cotton fibre, which is the raw material of textile 
industry. As well as textile industry, cotton fibre is 
also being used as a raw material in approximately 
50 branches of industry, which include gunpowder 
and film material production, among others. Oil, 
acquired from cotton seed as an alternative to 
petrol, is increasingly being used as raw material in 

bio-diesel production too. In addition, the 
increasing population levels and higher life 
standards makes the demand for cotton plant 
increase on a daily basis. Cotton is being planted in 
various geographical regions, mostly in Asia, but 
also in the continents of America, Africa and 
Australia. In world scale, the size of the area where 
cotton is being planted is approximately 34 million 
hectares, where the approximate total yield is 26 
million tons of fibre cotton. The leading cotton 
producers are India, China, USA, Pakistan, Brazil, 
Uzbekistan and Turkey. Turke s share in world 
cotton production is approximately 3 % and is 
ranked seventh [1]. 

In Turkey, cotton farming takes place in four 
main regions, South-eastern Anatolia, Aegean, 
Cukurova and Antalya, in a total area size of 
468.000 ha, where the total fibre cotton produced is 
846.000 tons. In Aegean region, plantation takes 
place in an area of 94.000 ha, yielding 181.000 tons 
of fibre cotton. The province of A has a 
plantation area of 58.000 ha, which makes up 62 % 
of the total plantation area in the Aegean region, 
and with a fibre production level of 114.000 tons, it 
makes up 63 % of the total fibre production in the 
Aegean region [2]. 
located within the Aegean region of Turkey.  
has fertile plains in central and western sections, is 
surrounded by mountains in north and south. It is 
located on the Buyuk Menderes basin, covering an 
area of 8.007 km2. 55 % of the population is 
depending on farming for their livelihood.  
has a major role in Turkey in terms of national 
agriculture, as indicated by the fact that the 
province is ranked within the top ten producers in 
25 different products [3]. Efficient use of the energy 
resources is vital in terms of increasing production, 
productivity, competitiveness of agriculture, as well 
as ensuring sustainability of rural living. Energy 
auditing is one of the most common approaches to 
examining energy efficiency and environmental 
impact of the production system. It enables 
researchers to access output-input ratio, relevant 
indicators, and energy use patterns in an agricultural 
activity. The energy audit provides sufficient data to 
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establish functional forms to investigate the 
relationship between energy inputs and outputs [4]. 

Energy consumption per unit area in 
agriculture is directly related to the development of 
farming technology and production level. Energy 
use is one of the key indicators for developing more 
sustainable agricultural practices [5, 6]. The amount 
of energy used in agricultural production, 
processing, and distribution is significantly high. A 
sufficient supply of the right amount of energy and 
its effective and efficient use are necessary for an 
improved agricultural production [6, 7]. Several 

energy input-output analysis in agricultural 
production. Some of these researches may be listed 
as those on the energy usage activities of cotton [8, 
9, 10, 11, 12, 13, 14].    

No researches related to the energy efficiency 
of cotton plant production in  has 
been contained in this study. Cotton plant is the 
most important plant in macro and micro terms, and 
defining the energy efficiency is the aim of this 
study. 

 
 

MATERIALS AND METHODS 

 The research has been conducted for the 
whole Turkey (N 37o-51´; E 27o-
51´; 40 m above sea level). In order to determine 
the energy efficiency of cotton plant, data have 
been provided by -Nazilli Cotton Research 
Institute, for the production season of 2013. Total 
energy input in unit area (ha) constitutes each total 
of input energy. Human labour, machinery, 
chemicals, chemical fertilizers, diesel fuel, 
irrigation energy and seed were the calculated 
inputs. Cotton plant was the calculated output.  

In Table 1, the agricultural production inputs, 
energy equivalents of input and output have been 

taken as energy values. Energy efficiency 
calculations were made to determine the 
productivity levels of cotton plant production. The 
units shown in Table 1 have been used to find out 
the input values in cotton plant production. Input 
amounts have been calculated and then these input 
data have been multiplied by the energy equivalent 
coefficient. When determining the energy 
equivalent coefficients, previous energy analysis 
sources were used. By adding energy equivalents of 
all inputs in MJ unit, the total energy equivalent 
was found. For example, in order to determine the 
energy efficiency in wheat production, Mohammadi 
et al. [5] reported 
use efficiency), energy productivity, specific energy 
and net energy have been calculated by using the 
following formulates [15, 16]. 

 

Energy use efficiency =                              

(1) 

Specific energy =                              

(2) 

Energy productivity =    

 (3) 
 
Net energy = Energy output (MJ ha-1) - Energy 
input (MJ ha-1)                                             (4) 
 

Following the analysis of data through 
Microsoft Excel program, by referring to the inputs, 
the results were tabulated. Cotton plant input-output 
values were determined and the calculations are 
given in Table 2.  

 
 

TABLE 1 
Energy equivalents of inputs and outputs in production of cotton plant. 

Inputs and  outputs Unit Energy equivalent coefficient Sources 

Inputs Unit Values (MJ unit-1) Sources 
Human labour h 1.96 [19, 20]  
Machinery h 64.80 [21, 22]  
Chemical fertilizers 
Nitrogen kg 60.60 [22]  

Phosphorous kg 11.10 [22]  

Potassium kg 6.70 [22]  
Chemicals kg 101.20 [23]  
Diesel fuel l 56.31 [22, 24]  

Irrigation m3 0.63 [23] 
Seed kg 11.80 [8, 22]  
Outputs Unit Values (MJ unit-1) Sources 
Cotton kg 11.80 [8, 22] 
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Kocturk and Engindeniz [17] reported that; 
can also be classified into direct 

and indirect, and renewable and non-renewable 
forms. The indirect energy consists of pesticide and 
fertilizer while the direct energy includes human 
and animal power, diesel and electricity energy 
used in the production process. On the other hand, 
non-renewable energy includes petrol, diesel, 
electricity, chemicals, fertilizers, machinery, while 
renewable energy consists of human and animal 
labour   

 
 

 
FIGURE 1 

 Energy input ratio in cotton plant production 
(MJ ha-1, %). 

 
 

RESULTS AND DISCUSSION 

The amount of cotton plant produced per 
hectare during the 2013 production season has been 
calculated as an average of 4750 kg. For the 2013 

cotton plant production season, the energy 
output-input analysis of cotton plant production 
related to this study are provided in Table 2, while 
the percentage distributions of the inputs are 
provided in Figure 1. It can be seen from these 
tables that the first, second and third highest energy 
inputs in cotton plant production were diesel fuel 
energy by 38.65 %, chemical fertilizers energy by 
36.94 % and machinery energy by 9.05 %, 
respectively. If the average values are examined by 
referring to Table 2, it can be seen that the highest 
energy inputs in cotton plant production are diesel 
fuel energy by 11262 MJ ha-1 (38.65 %), chemical 
fertilizers energy by 10764 MJ ha-1 (36.94 %), 
machinery energy by 2637.36 MJ ha-1 (9.05%), 
irrigation energy by 2520 MJ ha-1 (8.65 %), human 
labour energy by 831.63 MJ ha-1 (2.85 %), 
chemicals energy by  769.12 MJ ha-1 (2.64 %) and 
seed energy by 354 MJ ha-1 (1.21 %), respectively. 
In this study, diesel fuel energy had the biggest 
share by 11262 MJ ha-1 (38.65 %). Similarly, in 
previous studies, Yilmaz et al. [8] concluded in his 
cotton study that the diesel fuel energy had the 
biggest share by 15468.40 MJ ha-1 (31.10 %) and 
Zahedi et al. [14] concluded in his cotton study that 
the diesel fuel energy had the biggest share by 
24863 MJ ha-1 (47.40 %). Yilmaz et al. [8] and 
Zahedi et al. [14] concluded in their cotton study 
that the fertilizer application energy had the second 
share 14354.10 MJ ha-1 (28.86 %), 10401.20 MJ      
ha-1  (19.80 %) by respectively. 

As can be seen from Table 2, human labour 
energy input was calculated 831.63 MJ ha-1. Diesel 
fuel energy input was calculated as 11262 MJ ha-1. 
Human labour and diesel fuel energy were used for 
tractor and farm operations.

 
 

TABLE 2 
Energy input-output analysis in cotton plant production. 

 

Inputs Unit 
Energy equivalent 
(MJ unit-1) 

Input used per 
hectare (unit ha-1) 

Energy value 
(MJ ha-1) 

Ratio 
(%) 

Human labour h 1.96 424.30 831.63 2.85 
Machinery h 64.80 40.70 2637.36 9.05 
Chemicals h 101.20 7.60 769.12 2.64 
Chemical fertilizers   280 10764 36.94 
Nitrogen kg 60.60 160 9696 33.27 
Phosphorous kg 11.10 60 666 2.28 
Potassium kg 6.70 60 402 1.39 
Diesel fuel l 56.31 200 11262 38.65 
Irrigation m3 0.63 4000 2520 8.65 
Seed kg 11.80 30 354 1.21 
Total inputs    29138.11 100.00 
Outputs Unit Energy equivalent  

(MJ unit-1) 
Output per hectare 
(unit ha-1) 

Energy value 
(MJ ha-1) 

Rate 
(%) 

Cotton plant kg 11.80 4750 56050  
Total outputs    56050 100.00 
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TABLE 3 
Energy input-output and efficiency calculations 

in cotton plant production. 
 

Calculations Unit Values 
Cotton plant kg ha-1 4750 
Energy input MJ ha-1 29138.11 
Energy 
output 

MJ ha-1 56050 

Energy use 
efficiency 

 1.92 

Specific 
energy 

MJ kg -1 6.13 

Energy 
productivity 

kg MJ-1 0.16 

Net energy MJ ha-1 26911.89 
 
 

The amount of chemical fertilizers used for 
cotton plant growing was 280 kg ha-1. Nitrogen was 
the most common chemical fertilizer used in cotton 
plant production, by 160 kg ha-1, followed by 
phosphorus, 60 kg ha-1 and followed by potassium, 
60 kg ha-1. 

Energy input-output and efficiency 
calculations in cotton plant production are given in 
Table 3. 

According to Table 3, cotton plant, energy 
input, energy output, energy efficiency, specific 
energy, energy productivity and net energy in 
cotton plant production have been calculated as 
4750 kg ha-1, 29138.11 MJ ha-1, 56050 MJ ha-1, 
1.92, 6.13 MJ kg-1, 0.16 kg MJ-1 and 26911.89 MJ 
ha-1, respectively. In previous studies, Yilmaz et al. 
[8], Polat et al. [10], Khan et al. [11], Dagistan et al. 
[12], Sehri [13], and Zahedi et al. [14] calculated 
the energy efficiency in cotton studies as 0.74; 2.52; 
1.63; 1.51; 2.36 and 0.70 respectively 

The distribution of inputs, used in the 
production of cotton plant, in accordance with the 
direct, indirect, renewable and non-renewable 
energy groups are given in Table 4. As can be seen 
from Table 4, the total energy input consumed in 
cotton plant production could be classified as 50.15 
% direct and 49.85 % indirect. As can be seen from 
Table 4, the total energy input consumed in cotton 

plant production could be classified as 12.72 
% renewable and 87.28 % non-renewable. 
Similarly, it was concluded that the ratio of non-
renewable energy was higher than the ratio of 
renewable energy in cotton [8, 11, 12, 13, 14]. The 
reason for chemical fertilizers energy being so high 
is due to the fact that chemical fertilizers were used, 
instead of the farm fertilizers. 

 
 

CONCLUSION 

Energy use in agriculture has been increasing 
in response to increasing population, limited supply 
of arable land, and a desire for higher standards of 
living. Continuous demand in increasing food 
production has resulted in intensive use of chemical 
fertilizers, pesticides, agricultural machinery, and 
other natural resources. However, intensive usage 
of energy causes problems, which threaten public 
health and environment. Efficient use of energy in 
agriculture may minimize environmental problems, 
may prevent destruction of natural resources and 
promote sustainable agriculture as an economical 
production system [25]. In this research, the energy 

province has been defined. According to the 
evaluated results, cotton plant production is a 
profitable production in terms of energy usage. The 
research results indicate that the ratio of non-
renewable energy is higher than the ratio of 
renewable energy. Farm fertilizers can also be used 
in cotton plant production, instead of chemical 
fertilizers, which make up an important part of the 
inputs. Baran and Gokdogan [26] reported that, 

indicating wheat production depends mainly on 
fossil fuels. Continuously rising fossil fuel prices 
have necessitated more efficient use of diesel, 
chemicals and fertilizers for wheat production. 
Efficient use of energy helps to achieve increased 
production and productivity levels, and contributes 
to economy, profitability and competitiveness of 
agricultural sustainability in rural life. Energy 
management should be considered as an important 
field in terms of an efficient, sustainable and 
economical use of energy [27] . 

 
TABLE 4 

Energy input in the form of direct, and direct renewable and non-renewable  
energy for cotton plant production 

Type of energy Energy input (MJ ha-1) Ratio (%) 

 
 
 

Direct energy a 14613.63 50.15 

Indirect energy b 14524.48 49.85 
Total 29138.11 100.00 

Renewable energy c 3705.63 12.72 
Non-renewable energy d 25432.48 87.28 

Total 29138.11 100.00 
a Includes human labour, diesel fuel and irrigation; b Includes seed, chemical fertilizers, chemicals and machinery;  
c Includes human labour, seed and irrigation; d Includes diesel fuel, chemicals, chemical fertilizers and machinery. 
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ABSTRACT 
 

Antimony is a trace element which has wide 
variety of industrial application. Antimony has 
recently been considered as an environmental 
pollutant. Among the inorganic forms, SbIII is the 
more toxic form. SbIII is ten times more toxic 
compared to the SbV. Consuming plants that are 
grown in antimony contaminated soil is one of the 
way by which humans are exposed to antimony. 
AsIII and SbIII forms strong bonds with free-SH 
groups. When SbIII or SbV interacts with proteins 
that contain free-SH groups, protein inactivation 
usually results in. Antimony may also result in free 
radical generation and induction of oxidative stress. 
Even though antimony has some applications in 
health as a drug, its biological effects have not been 
investigated in detail. In the present study we 
investigated the effects of SbIII on glutathione 
efflux in human erythrocytes. The effects of N-
acetyl-L-cysteine on antimony induced glutathione 
oxidation and glutathione efflux were also 
investigated. Extracellular glutathione 
concentration significantly increased and reached to 
0.033 ± 0.0034 micromole/ml erythrocyte with 1 
mM of potassium antimony tartrate in four hours. 
The control value of extracellular glutathione was 
0.020 ± 0.0035 micromole/ml erythrocyte. Our 
results show that SbIII treatment of erythrocyte 
results in glutathione efflux. 
 
 
KEYWORDS:  
Antimony; N-acetyl-L-cysteine; Glutathione; Erythrocyte 
 
 
INTRODUCTION 

 
Antimony (Sb) is an element that has a wide 

range of applications in various industrial areas. 
It is used for the hardening of metals in 

munitions production and used in cosmetic industry 
[1]. Bolivia, China, Russia, South Africa and 
Mexico are places where about 2 million tons of Sb 
reserves are located primarily on the Earth [2]. Sb 
presents in low amounts in the earth's crust (0.2 -
0.3mg kg-1) [3]. With the spread of antimony to the 
environment as a result of anthropogenic influences 

like traffic and defense industry, high 
concentrations values (0.3-2.3 mg kg-1) of antimony 
were found in soil [4]. The amount of Sb in sea 
water is approximately 0.2 μg L-1 as a result of 
wearing of rocks, erosion and anthropogenic 
influences. 

Paying attention to the polluting effects of 
Antimony could be considered a new research area. 
US Environmental Protection Agency started to 
withdraw attention to antimony as polluting agent 
in 1999. Antimony is not an essential element for 
plants and animals. In humans, toxic effects of 
chronic uptake of antimony with the rate of 100 mg 
/ day have been revealed [5]. There is a report that 
it is toxic in plants. However, in the last 75 years, 
sodium stibogluconate has been used in the 
treatment of leishmaniasis [6] but too much is not 
known about chronic toxicity of elemental and 
methylated antimonite. The toxicity of antimony 
depends on the molecular form. The inorganic 
antimony is more toxic than the antimony in the 
organic structure. It was shown that Sb III form is 
ten times more toxic than Sb V form in mammalian 
cells [7]. It is noteworthy that antimony in the soil 
solution from acidic pH to alkaline pH ranges is 
more soluble than the lead (Pb) [8].  It is considered 
that in soil contaminated with antimony, it 
decreases the plant efficiency and enters the food 
chain through plants and is transferred to humans. 
Plant products containing antimony can be harmful 
to animal and human health. Previous studies 
conducted indicated that in Sb contaminated soils, a 
wide range of Sb concentrations were determined in 
different sprout tissues of different plants. In some 
studies conducted, high amount of Sb in the plants 
have been reported based on soil properties. 
Ainsworth et al. [9] has been reported 300 mg kg-1 
dry weight in studies on different grass leaves near 
the foundry furnaces in North East England having 
400 mg kg-1 concentration of Sb in the soil. 

Sb in general is in the form of minerals 
formed by sulphide or oxygen (stibnite: Sb2S3, 
valentinit : Sb2O3  and servantit:  Sb2O4). Oxidation 
of stibnite mineral (Sb2S3) to senarmonit (Sb2O3) 
was observed in the foundry field of New Zealand 
[10]. Scientists suggested the following reaction.  
 

Sb2S3 + 3 H2O + 6 O2  4
2- + Sb2O3 + 6H+ 
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However, it is thought that this reaction creates a 
strong acidic medium in soil and decrease the 
mobility of Sb. Sb in general are found to form Sb 
V under oxic condition and sometimes in the form 
of Sb III. 

Antimony is found generally in the form of Sb 
III, sometimes in the form of Sb V in the anoxic 
state.  In the existence of both oxic and anoxic 
states, it was reported that it has a slow conversion 
rate [1]. Chemical behavior of the antimony 
displays similarities with elements such as arsenic 
(As), phosphorus (P) and bismuth (Bi) [3]. Due to 
the s2p3 external orbital array of the atoms of these 
elements, they exist at an oxidation step between 3- 
and 5+ in the environment.  Although there are 
several similarities between Sb, As and P; there are 
differences as well. Pentavalent structures of Sb, P, 
and As are different. 

Sb is not a required element for plants and 
animals. It has been determined that an intake of 
over 100 mg per day for humans is toxic [5]. 
Mortality was reported in rats as a result of over 11 

 75 mg/day of feeding. Leonard and Gerber [11] 
reported the toxic effects of 4  10 mg potassium 
antimony tartrate intake per live weight in cats and 
dogs, respectively. World Health Organization 
indicated the daily-tolerated amount as 6 μg/kg per 
body weight [12]. 

Filella et al. [13] reported that neutral Sb(OH)3 
molecule was transported by aquaglyceroporin in 
microbiota in the natural waters. Porquet et al. [14]  
found evidences on the similarities of molecular 
structure and load distribution between Sb(OH)3, 
As(OH)3, and glycerol. Antimonite and arseniuret 
are a little smaller than glycerol. Three transport 
families are identified in cellular extraction of Sb 
III: Ars B protein that is found in various 
prokaryotes and having a part in ion transport [15], 
Acr3p family identified in bacteria and fungi [16], 
and ABC (ATP-binding cassette) transport family 
[17]. 

It is known that Sb III and As III cysteine 
form strong bonds with the thiol group. Sb V, 
similar to Sb III prefers the SH group to OH, binds 
with both. As a result of these bindings with 
proteins, catalytic and biologic activities are usually 
inhibited [18]. It is considered that, when this is 
effective on the oxygen metabolism of the enzymes, 
it could cause oxidative stress. According to 
another theory, high Sb amounts could harm the 
tissues [19]. 

In a study by McCallum [20] conducted with 
employees in the Sb industry exposed to Sb 
powders, suffered skin and upper respiratory 
irritations were mostly determined. In the same 
study, concentrations measured in the factories 
were 0.5 mg m-3 and maximum concentration was 
measured as 36.7 mg m-3. Today, the limit 
concentration is 0.5 mg m-3 [3]. In drinking water, 
the maximum allowed amount by the World Health 

Organization is 20 μg L-1 [12]. The value 
allowed by the European Commission in plastics in 
contact with food and used in food transportation is 
0.04 mg kg-1 [21]. In the Netherlands, the maximum 
amount allowed in soil and underground waters are 
15 mg and 20 L-1, respectively [22].  

 Although antimony is used in several 
fields in industries and health, its biological effects 
were not studies thoroughly. The objective of this 
study is to scrutinize the toxic effects of antimony 
on erythrocytes and their excretion from the 
erythrocytes and the effects of glutathione (GSH) 
on these events. 

 
 
MATERIAL AND METHODS 
 

Material. -Dithiobis(-nitro 
benzoate) (DTNB), NAHD, Sodium pyruvate was 
procured from Sigma Chemical Co. (St. Louis, 
Missouri, U.S.A.) 

 
Preparation of Erythrocytes. Pursuant to 

obtaining required permissions, blood was drawn 
(approximately 500 ml) from healthy volunteers 
into commercial blood containers. Blood was 
centrifuged at 2500 g for 5 minutes to separate 
plasma and erythrocytes. The erythrocyte pellet 
obtained was laved three times with potassium-
phosphate-salt buffer (PBS) (9 volume 0.15M 
NaCl, 1 volume 0.1M potassium-phosphate buffer, 
pH 7.4) and prepared for the experiments. 

 
Determination of LHD Activity. Lactate 

dehydrogenase activity was determined in the 
supernatants of Sb-exposed erythrocytes using the 
method defined by Welder and Acosta [23]. 100 μl 
sample was transferred into clean tubes, and 200 μl 
NAHD solution (2.5 mg/ml NADPH dissolved in 
10 ml 0.1 M phosphate buffer), 2500 μl 0.1 M 
phosphate buffer and pyruvic acid (1 mg/ml) were 
added. Variations in absorbance were recorded for 
4 minutes. Total cytoplasmic LHD activity of intact 
erythrocytes was similarly measured by hemolysis 
of erythrocytes in distilled water. 

 
GSH Measurement. Glutathione 

measurement method defined by Sedlak [24] was 
used on erythrocytes treated with Sb. 

 
Statistical Analyses. Student-Newman-Keuls 

Multiple Comparison and one-way analysis of 
variance were used in the study. Tests were 
conducted based on the statistical information 
method. All tests were conducted on triple samples. 
Results were presented as the arithmetic mean of 
three different tests and ± standard deviation and p 
< 0.05 values were accepted as statistically 
significant. 
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FIGURE 1 

Sb induced GSH efflux from erythrocytes: Erythrocytes were incubated in Na-Gluconate-HEPES buffer 
in the absence and presence of indicated concentrations of Sb. At the end of incubation samples were 

centrifuged and supernatants were transferred to fresh tubes. GSH concentrations were then determined 
in the supernatants. Results are the mean and S.D. of three separate experiments. (*Significantly different 

from the control (0 Sb concentration, p< 0.05) 
 

RESULTS 
 

It was reported that the chemical behavior of 
Sb displays similarities with elements such as 
arsenic (As), phosphorus (P) and bismuth (Bi) [3]. 
Sb is found generally in Sb (V) form under oxic 
conditions, however under certain conditions it 
could be found in Sb (III) form as well. Under 
anoxic state it is generally found in Sb (III) form, 
however it could be found in Sb (V) form as well. It 
was noted that, in the existence of both oxic and 
anoxic conditions, a slow transformation is 
observed [1]. It is also known that Sb (III) and As 
(III) form strong bonds with the cysteine thiol 
group. Sb (V), similar to Sb (III), prefers SH 
group over OH, but binds with both. As a result of 
these bindings with proteins, catalytic and 
biological activities are usually inhibited [18]. It 
was argued that this could cause oxidative stress 

when it is effective on the oxygen metabolism of 
the enzymes. In the beginning, erythrocytes were 
incubated in sodium-gluconate-HEPES buffer 
containing different concentrations of Sb for 4 
hours. GSH measurements were conducted on 
supernatants. The results demonstrated cellular 
GSH excitation (Figure 1), which showed that Sb 
induced GSH transport from the erythrocytes. This 
fact indicated that erythrocytes, when exposed to Sb 
compounds, produce certain compounds that 
contain acid soluble free-SH and transport these out 
of the cells. 

To demonstrate the lack of efficiency of Sb on 
GSSG erythrocytes, erythrocytes were incubated 
for four hours in sodium-gluconate-HEPES buffer 
containing above-mentioned concentrations of Sb. 
GSSG measurements were conducted on 
supernatants. The results demonstrated cellular 
GSSG levels (Figure 2). 

 

 
FIGURE 2 

Sb  induced GSSG efflux from erythrocytes: Erythrocytes were incubated in Na-Gluconate-HEPES buffer 
in the absence and presence of indicated concentrations of Sb. At the end of incubation samples were 

centrifuged and supernatants were transferred to fresh tubes. GSGS concentrations were then determined 
in the supernatants. Results are the mean and S.D. of three separate experiments (*Significantly different 

from the control (0 Sb concentration, p< 0.05). 
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FIGURE 3 
Membrane damage induced by Sb:  Erythrocytes were incubated in Na-Gluconate-HEPES buffer 

containing the indicated concentrations of Sb for the indicated time periods and the LDH activities were 
determined in the supernatants. Total cellular LDH activity in the erythrocytes was determined following 

hemolysis of intact erythrocytes in distilled water. The results are the mean and S.D. of three separate 
experiments. Supernatant LDH activities in Sb exposed erythrocytes were not significantly different from 

the control level. 
 

In order to determine whether GSH and GSSG  
released  from the erythrocytes occurred as result of 
membrane damage, LDH activities were measured 
in extracellular media. Results showed that LDH 
activities did not increase in extracellular media. 
This, in turn, demonstrated that membrane damage 
did not occur as a result of the treatment of 
erythrocytes with Sb (Figure 3). Thus, it could be 
stated that GSH and GSSG determined in 
extracellular media were not transported due to 
membrane damage; on the contrary, they were 

effluxed as a result of membrane transport induced 
by the presence of Sb existence. 

The effects of NAC on GSH excretion from 
the erythrocytes were investigated. It was incubated 
for 4 hours in sodium-gluconate-HEPES buffer 
containing Sb and different concentrations of NAC. 
Extracellular GSH levels were measured after the 
incubation. The results showed that Sb and NAC 
did not form Sb-NAC complex in extracellular 
environment (Figure 4). 

 

 
FIGURE 4 

The effect of NAC on Sb induced GSH efflux: Erythrocytes were incubated in Na-Gluconate-HEPES 
buffer with the indicated concentrations of Sb in the presence and absence of NAC. At the end of 

incubation samples were centrifuged and the supernatants were transferred to fresh tubes. The GSH 
levels in the supernatants were then determined. Results are the mean and S.D. of three separate 

experiments (*Significantly different from the control (0 Sb concentration, p< 0.05).   
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DISCUSSION 
 
Free radicals that form continuously in 

biological systems are neutralized by antioxidant 
defense mechanisms as an attempt to reduce their 
harmful effects [25].  Enzymes such as superoxide 
dismutase, catalase, glutathione peroxidase, similar 
to glutathione, ceruloplasmin, transferrin, hepta-
globulin, albumin, bilirubin, uric acid and vitamins, 
form the most significant part among the 
antioxidant mechanisms that protect the molecular 
organism from the toxic effects of free radicals 
[26,27]. 

Glutathione (g-glutamylcysteinylglycine), 
which is a tripeptide composed of glutamic acid, 
cysteine and glycine, is one of the most significant 
antioxidant molecules found in the intracellular 
environment. Glutathione is necessary for cellular 
functions and protects the brain, heart, immune 
system cells, kidneys, eyes, liver, lungs and skin 
tissues against the oxidative damage. It has anti-
ageing effects. The reduced form of glutathione, 
GSH, is a significant intracellular antioxidant 
molecule, with several functions such as 
detoxification of xenobiotic, transport of amino 
acids, preservation of the reduced form of 
sulfhydryl groups in proteins [28,29]. 

As a result of the reduction of Sb(V) into 
Sb(III) via the thiol-bonded mechanism, reduced 
GSH levels could be observed. In the study, 
reduced glutathione was determined in extracellular 
environment as a result of the treatment of 
erythrocytes with Sb. Thus, reduced GSH excitation 
from the Sb treated erythrocytes was another reason 
for the intracellular GSH loss. Previous studies 
demonstrated that erythrocyte membrane is not 
permeable to GSH under physiological conditions 
[30]. Thus, this study demonstrated that Sb induces 
events that in turn induce GSH excitation from the 
erythrocytes. 

Glutathione disulfide (GSSG) is a disulfide 
derived from two glutathione molecules [31]. In 
living cells, glutathione disulfide is reduced into 
two molecules of glutathione with reducing 
equivalents from the coenzyme NADPH. This 
reaction is catalyzed by the enzyme glutathione 
reductase [32].  Antioxidant enzymes, such as 
glutathione peroxidases and peroxiredoxins, 
generate glutathione disulfide during the reduction 
of peroxides such as hydrogen peroxide (H2O2) and 
organic hydroperoxides (ROOH): [33].  

 
2O 

 
Other enzymes, such as glutaredoxins, 

generate glutathione disulfide through thiol-
disulfide exchange with protein disulfide bonds or 
other low molecular mass compounds, such as 
coenzyme A disulfide or dehydroascorbic acid [34].  

 

2 GSH + R-S-S-  
 
Sb(V) intake by the cells is reduced to Sb(III). 

In this case, GSH is utilized as an electron source 
and transformed into GSSG. The study 
demonstrated that Sb induced events, which in turn 
induced the GSSG excitation from the erythrocytes. 

By demonstrating the lack of an increase in 
LDH activities in extracellular environment, the 
study showed that the treatment of erythrocytes 
with Sb did not cause membrane damage. Thus, it 
could be deducted that GSH and GSSG identified in 
the extracellular environment did not exit the 
erythrocytes due to membrane damage; on the 
contrary, the excitation occurred via the membrane 
transport induced in the presence of Sb. 

NAC is a powerful thiol group antioxidant, a 
sulfhydryl group transmitter and free-radical 
cleaner [35]. The antioxidant and antitoxic benefits 
of NAC were demonstrated in liver diseases. It 
fulfills these benefits by increasing the blood 
circulation in the liver, increasing GSH levels, and 
cleaning free oxygen radicals [36].  

As a result, it was concluded in the study that 
NAC could help protect from the harmful effects of 
reactive oxygen types by removing oxygen radicals, 
could support the defense against oxidative stress, 
could cause an increase in the activity of GSH and 
GSH-related enzymes, and could display direct 
antioxidant effects. Thus, the findings demonstrated 
that NAC application in Sb-treated erythrocytes 
could support the antioxidant metabolism. 
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ABSTRACT 
 

This study was carried out in Munzur Stream 
(Tunceli/ Turkey) and its tributaries (Kodi Creek 
and Aunca Creek), investigated the distribution of 
larval trichopteran assemblages in relation to 
environmental variables in these streams. Water 
samples and organisms were gathered from chosen 
sixteen stations. As a result of this study, 27 taxa 
belonging to 9 families were determined in the 
streams of Tunceli, nine taxa from Hydropsychidae, 
six taxa from Limnephilidae, three taxa from 
Glossosomatidae, two taxa from Lepidostomatidae, 
two taxa from Goeridae, two taxa from 
Sericostomatidae, and each one taxon from 
Hydroptilidae, Philopotamidae, Rhyacophilidae. 
Canonical correspondence analysis (CCA) was 
used to detect variance of species-environment 
relation. According to this analysis, 60.1% of the 
variance was described by the first four axes of the 
relations species-environmental variables (r=0.996) 
and pH, Ca, water temperature were the variables 
that best explained Trichoptera larvae distribution. 
UPGMA was applied to determine different stations 
among the all stations and they were clustered into 
main two groups. Also, biodiversity values of the 
stations were detected based on Shannon Wiener 
and Simpson indices. The highest diversity values 
were found at the stations on Munzur River. There 
has been no study about Trichoptera larvae fauna and 
their relationships to environmental variables in this 
study area. Therefore, identified all taxa were the first 
record for these streams. 
 
 
KEYWORDS:  
Trichoptera, Larval Distribution, Environmental variables, 
CCA, Tunceli, Turkey 

 
 

INTRODUCTION 
 

The distributional pattern of aquatic insects in 
freshwaters related to geomorphology of the stream 
bed, substrate type, hydraulic conditions, quality of 

water, stream depth, biotic interactions, food 
availability, water temperature and dissolved 
oxygen [1-4]. These features show differences 
depending on time and space; therefore, it is 
expected that these variation detect the spatial and 
temporal change of diversity and of structure of 
fauna in the aquatic insects [5]. 

Among aquatic insects, order Trichoptera 
probably the most widely distributed and larvae are 
common in the streams [6]. The larvae of many 
species coexist in running waters and they are 
known to have specific habitat and environmental 
requirements [7]. Trichoptera larvae have been 
commonly used in monitoring programs as 
bioindicators of organic pollution because of their 
diversity and varying sensitivities to aquatic 
conditions, they are affected by environmental 
changes [8-10]. Ecological opportunities of 
Trichoptera larvae are explainable by their ability to 
build portable cases, nets, and shelters from mineral 
or organic particles using silk secretion; reasonably 
cosmopolitan distributions, relatively long life span, 
easy sampling and conclusions regarding 
quantitative distribution patterns, inhabit a wide 
range of aquatic microhabitats [2, 11, 12].  

There are several studies about determine of 
Trichoptera fauna in various regions of Turkey. 
According to literature records there are 481 
species groups (449 species, 32 subspecies) known 
as Trichoptera in Turkey. Among them 199 species 
group taxa and 2 genera are endemic to Turkey 
[13]. 

This study was carried out in Munzur Stream 
and its two tributaries (Aunca Creek and Kodi 
Creek). The Munzur River flows through the town 

Tunceli in Anatolia. The Tunceli province is 
located in a tough geographical area. So, the study 
area has not been sufficiently investigated so far for 
determining of Trichoptera fauna. The main 
objectives of this study are to determine 
Trichoptera larvae fauna and to explain the 
relationships between these organisms and the 
environmental variables. 
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FIGURE 1 

The study area and stations 
 

MATERIALS AND METHODS 
 

Study area and stations. Tunceli province is 

orogenic belt of the mountainous district of the 
Eastern Anatolia and has a rich position regarding 
streams. This study was carried out in three streams 
of Tunceli (Munzur River, Aunca Creek and Kodi 
Creek). Munzur River originates from the Munzur 

Creek and Kodi Creek are the tributaries of Munzur 
River. A total of sixteen stations were chosen on the 
streams for this study; three stations on the Aunca 
Creek (A1-A3), seven stations on the Kodi Creek 
(K1-K7), six stations on the Munzur River (M1-
M6) (Figure 1). The water samples and Trichoptera 
larvae were gathered from these stations in July 
2015. 

 
The Sampling of Water and Trichoptera 

Assemblages. Environmental variables 
measurements. Water temperature (ºC), pH, 
dissolved oxygen (DO), and electrical conductivity 
(EC) were measured during sampling in situ by 
using portable multiparameter equipment. Flow 
velocity was detected by using flow meter. Mg+2, 
Ca+2, Cl-, NH4

+-N, NO2
--N, NO3

--N, PO4
--P values 

were determined based on standard methods [14]. 
 
Sampling of Trichoptera. Trichoptera 

species were sampled from each station by using 
Surber net (475 μm mesh, area of base 0.09 m2). 
The samples were taken from an area of nearly 100 
m2 in order to include all possible microhabitats at 
each station. The collected material was fixed in 
formaldehyde (4%) in the field and then kept in 
80% ethyl alcohol and sorted in the laboratory. 
Trichoptera samples were identified at the lowest 

possible level under a stereomicroscope (genus or 
species). 

 
Statistical Analysis. Pearson correlation 

analysis was used to determine the correlations 
between Trichoptera species and environmental 
variables (SPSS 23.0). Shannon-Wiener [15] and 
Simpson [16] diversity indices were applied to 
detect the biodiversity of the stations based on 
Trichoptera species. A clustering analysis of 
unweighted pair group mean averages (UPGMA) 
was used to determine different stations among the 
all stations. Diversity indices and UPGMA were 
conducted using the multivariate statistical package 
(MVSP) program version 3.1 [17]. A canonical 
correspondence analysis (CCA) was used to 
describe the variation in the Trichoptera species 
among the stations and to identify relationships 
between their distributions and environmental 
variables after testing the data with detrended 
correspondence analyses (DCA). The forward 
selection procedure and the Monte Carlo 
permutation test (499 permutations) were 
performed to select significant variables. For the 
analyses, a log-transformation (log (x+1)) was 
applied prior to the CCA to normalize the all data 
except pH. DCA and CCA were carried out with 
the CANOCO 4.5 package [18]. 
 
 
RESULTS 

 
Environmental Variables. Dissolved oxygen 

(DO), electrical conductivity (EC), pH, water 
temperature (ºC), flow velocity, NH4-N, NO2 -N, 
NO3-N, PO4-P, Cl-, Ca and Mg variables were 
analyzed. The values of measured physical and 
chemical variables were shown in Table 1. 
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TABLE 1 
The measured values of physicochemical variables at the stations 

Stations 
DO 
(mg/l) EC pH °C 

Flow  
velocity 

Cl 
(mg/l) 

NH4-N 
(mg/l) 

NO2-N 
(mg/l) 

NO3-N 
(mg/l) 

PO4-P 
(mg/l) 

Mg 
(mg/l) 

Ca 
(mg/l) 

A1 8.75 397.13 8.02 12.4 1.3 3.18 0.31 0.00 3.34 0.0001 14.77 56.75 

A2 7.98 289.3 7.5 10.8 1.5 0.54 0.31 0.18 2.45 0.0001 6.43 43.14 

A3 7.98 289.3 7.5 10.9 1.5 0.54 0.31 0.18 2.45 0.0001 6.43 43.14 

M1 11.4 207 8.15 9.3 3.2 0.49 0.41 0.00 1.29 0.0001 5.88 36.26 

M2 10.7 310.25 8.07 9.2 3.1 0.46 0.38 0.17 1.47 0.0001 5.63 35.82 

M3 9.78 205 7.64 8.6 3.2 2.83 0.18 0.00 1.76 0.0001 16.22 69.31 

M4 5.8 181 7.53 5.4 2.3 0.89 0.38 0.00 2.34 0.0001 8.31 46.65 

M5 6.12 289 6.12 8.2 8.5 2.94 0.19 0.00 3.16 0.0001 11.45 62.32 

M6 5.93 136.8 7.91 8.6 7.8 0.88 0.33 0.00 0.35 0.0001 6.54 59.22 

K1 7.87 413.5 8.15 14.2 3.2 0.77 0.38 0.00 0.44 0.0001 6.68 64.31 

K2 8.26 385.3 7.93 11.7 3.1 0.77 0.31 0.00 0.00 0.0001 6.72 52.69 

K3 8.12 299.6 7.81 10.96 2.3 24.51 0.45 0.00 0.00 0.0001 16.04 69.04 

K4 9.13 315.7 8.2 7.98 2.7 2.54 0.44 0.00 0.67 0.0001 8.46 43.83 

K5 8.21 249.7 7.6 10.2 2.1 0.73 0.33 0.08 0.51 0.0001 27.33 63.22 

K6 8.72 233.1 8.67 7.9 2.1 0.35 0.25 0.13 0.46 0.0001 5.93 36.98 

K7 9.2 270 8.59 11.2 3.1 25.78 0.21 0.00 0.00 0.0001 16.64 70.11 

 
Biological and Statistical Results. As a result 

of the study, 920 individuals and 27 taxa belonging 
to 9 families were determined in the streams of 
Tunceli. The maximum number individuals were 
collected at M4 station (162 individuals) while the 
fewest individuals were collected at M2 station (11 
individuals). Trichoptera species were belong to 
Hydropsychidae (9 taxa), Limnephilidae (6), 
Glossosomatidae (3), Lepidostomatidae (2), 
Goeridae (2), Sericostomatidae (2), 
Hydroptilidae (1), Philopotamidae (1), 
Rhyacophilidae (1). Distributions and dominancy 
along with a list of the Trichoptera species recorded 
were given in Table 2. Moreover, biodiversity 
indices (Shannon-Wiener and Simpson) were 
applied based on Trichoptera species and according 
to both of them, the highest diversity value was 
determined at M4 station while the lowest diversity 
at A3 station. The biodiversity value of M2 station 
was not considered because there was only one 
taxon at this station and the value was found to be 
zero (Table 2). 

Classification of the stations by Trichoptera 
composition was defined in terms of UPGMA 

coefficient. 
According to the analysis of the stations based on 
the similarity in the occurrence of Trichoptera 
species, stations were clustered into main two 
groups. The first group contained only two stations 
(A1 and K2) while the second group consisted of 
three subgroups; stations K7-K6-M2 composed the 
first subgroup, stations M3-K4-K3-M5-M4-M1 the 
second one, and stations K5-M6-K1-A3-A2 the 

third one. Also, the highest similarity values were 
observed between M4- M5, K5-M6, M2-K6, and 
M2-K7 (67%) (Figure 2). 

Canonical correspondence analysis (CCA) 
was used in order to determine variance of species-
environment relation. According to this analysis, 
60.1% of the variance was described by the first 
four axes of the relations species and environmental 
variables (r=0.996) (Table 3) and pH, Ca and, water 
temperature were the variables that best explained 
Trichoptera distribution.  

CCA demonstrated that variables such as pH, 
EC, ºC, DO, NO2-N and Cl- were positively 
correlated with the first axis, whereas flow velocity, 
Mg, Ca, NH4-N and NO3-N were negatively 
correlated with it. The second CCA axis was 
mainly correlated with Ca and DO. According to 
second axis, DO, NO2-N, pH, EC, ºC, NH4-N were 
positively related to distribution of some species 
(e.g. Lepidostoma sp., Lepidostoma hirtum, 
Glossosoma conformis, Agapetus fuscipes, Silo sp., 
Limnephilus lunatus, Drusus simplex). Also, the 
distributions of the lower left corner of the plot 
contained species (e.g. Hydropsyche contubernalis, 
H. angustipennis, H. instabilis, Rhyacophila 
dorsalis) were negatively correlated with pH, EC, 
ºC yet positively correlated with Mg, Ca and, NO3-
N (Figure 3). The first axis showed that the 
distributions of Lepidostoma sp., Lepidostoma 
hirtum, Glossosoma conformis, Agapetus fuscipes, 
Silo sp. and Hydroptila occulta were positively 
related to electrical conductivity and water 
temperature (Figure 3). 
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TABLE 2 
Distributions, dominancy (%), and biodiversity values of Trichoptera species at the stations. 

 

  
Stations 

Species List A1 A2 A3 M1 M2 M3 M4 M5 M6 K1 K2 K3 K4 K5 K6 K7 

Hydroptilidae                                 

Hydroptila occulta (Eaton 1873) 27.27                               

Glossosomatidae                                 

Agapetus fuscipes Curtis, 1834   83.33 87.50             36.11 29.51           

Glossosoma conformis Neboiss, 1963 72.73                   18.03           

Agapetus sp.           16.22                     

Goeridae                                  

Goera pilosa Wallengren, 1891             16.05     18.06       41.67     

Silo sp.                     17.21           

 Hydropsychidae                                  

Hydropsyche angustipennis (Curtis, 1834)           16.22 8.02                   

Hydropsyche bulbifera McLachlan, 1878         100                   47.73 50 

Hydropsyche contubernalis McLachlan, 1865             11.11 9.24                 

Hydropsyche fulvipes Curtis, 1834   16.67   26.09     12.35 18.49 15.15         18.33     

Hydropsyche instabilis (Curtis, 1834)     12.50 23.91   18.92 14.20 15.13       29.41 50     50 

Hydropsyhe incognita Pitsch, 1993                             52.27   

Hydropsyche tenuis Navas, 1932               10.08                 

Hydropsyche sp.             22.84 23.53                 

Cheumatopsyche lepida  (Pictet, 1834)       23.91                         

Lepidostomatidae                                 

Lepidostoma hirtum (Fabricius, 1775)                     26.23           

Lepidostoma sp.                     9.02           

Limnephilidae                                  

Limnephilus lunatus Curtis, 1834                   19.44             

Limnephilus sp.           24.32                     

Metanoea sp.                 84.85         21.67     

Drusus simplex Martynov, 1927                   26.39             

Micropterna testacea (Gmelin, 1789)                           18.33     

Stenophylax sp.           24.32                     

Philopotamidae                                  

Philopotamus montanus (Donovan, 1813)       26.09                         

Rhyacophilidae                                  

Rhyacophila dorsalis (Curtis, 1834)             6.79 9.24                 

Sericostomatidae                                 

Sericostoma sp.               14.29         50       

Sericostoma personatum (Kirby & Spence, 1826)             8.64         70.59         

BIODIVERSITY INDICES   

Shannon-Weaver Index 0.845 0.65 0.54 2 0 2.298 2.896 2.72 0.614 1.943 2.222 0.874 1 1.9 1 1 

Simpson Index 0.397 0.278 0.22 0.75 0 0.793 0.856 0.84 0.257 0.73 0.774 0.415 0.5 0.71 0.5 0.5 
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FIGURE 2 

Unweighted pair group mean averages (UPGMA) results according to the stations 
 

TABLE 3 
The results of canonical correspondence analysis 

Axes                                1 2 3 4  Total inertia 

 Eigenvalues                                           0.826  0.793  0.671  0.590          5.889 
 Species-environment correlations    0.982  0.968  0.989  0.996 
 Cumulative percentage variance 
    of species data                                 14.0   27.5   38.9   48.9 
    of species-environment relation:   17.2   33.8   47.8   60.1 
 Sum of all               eigenvalues                              5.889 
 Sum of all canonical eigenvalues                                               4.792      

 

 
FIGURE 3 

Ordination diagram of the CCA analysis 
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TABLE 4 

physicochemical variables 
(* P< 0.05, ** P<0.01) 

  DO EC pH °C 
 F. 

velocity Cl NH4-N NO2-N NO3-N Mg Ca 
 Hydroptila 
occulta 

.065 .405 .084 .321 -.246 -.035 -.047 -.166 .472 .183 .074 

 Agapetus 
fuscipes 

-.125 .489 -.072 .544* -.244 -.257 .013 .348 .002 -.387 -.133 

Glossosoma 
conformis  

.044 .558* .097 .409 -.216 -.096 -.065 -.238 .228 .057 .055 

Agapetus sp. .241 -.257 -.090 -.156 .002 -.047 -.462 -.166 .108 .247 .342 
Goera pilosa  -.368 -.150 -.125 -.175 -.181 -.200 .217 -.095 -.022 .375 .130 
Silo sp. -.019 .364 .043 .233 -.011 -.114 -.043 -.166 -.298 -.170 -.013 
Hydropsyche 
angustipennis  

-.166 -.438 -.171 -.534* -.087 -.116 -.177 -.242 .260 .097 .132 

Hydropsyche 
bulbifera  

.292 -.104 .529* -.169 -.131 .149 -.266 .363 -.279 -.153 -.304 

Hydropsyche 
contubernalis   

-.595* -.281 -.548* -.602* .270 -.119 -.057 -.235 .445 -.068 -.021 

Hydropsyche 
fulvipes  

-.459 -.415 -.673** -.540* .441 -.233 -.073 -.199 .419 .087 -.036 

Hydropsyche 
instabilis 

-.178 -.390 -.398 -.625** .238 .144 -.142 -.429 .317 .054 .102 

Hydropsyhe 
incognita 

.060 -.160 .383 -.244 -.142 -.127 -.220 .290 -.192 -.204 -.349 

Hydropsyche 
tenuis 

-.385 .033 -.789** -.207 .691** -.043 -.423 -.166 .431 .038 .193 

Hydropsyche sp. -.603* -.259 -.608* -.589* .336 -.117 -.105 -.240 .469 -.059 .003 
Cheumatopsyche 
lepida  

.518* -.250 .144 -.069 .002 -.122 .277 -.166 .000 -.206 -.364 

Lepidostoma 
hirtum 

-.019 .364 .043 .233 -.011 -.114 -.043 -.166 -.298 -.170 -.013 

Lepidostoma sp. -.019 .364 .043 .233 -.011 -.114 -.043 -.166 -.298 -.170 -.013 
Limnephilus 
lunatus 

-.086 .462 .144 .546* .002 -.113 .196 -.166 -.197 -.172 .235 

Limnephilus sp. .241 -.257 -.090 -.156 .002 -.047 -.462 -.166 .108 .247 .342 
Metanoea sp. -.401 -.502* -.016 -.126 .498* -.152 .015 -.102 -.282 .152 .209 
Drusus simplex -.086 .462 .144 .546* .002 -.113 .196 -.166 -.197 -.172 .235 
Micropterna 
testacea 

-.028 -.103 -.109 .044 -.142 -.115 .010 .121 -.181 .733** .212 

Stenophylax sp. .241 -.257 -.090 -.156 .002 -.047 -.462 -.166 .108 .247 .342 
Philopotamus 
montanus 

.518* -.250 .144 -.069 .002 -.122 .277 -.166 .000 -.206 -.364 

Rhyacophila 
dorsalis 

-.604* -.224 -.680** -.560* .422 -.112 -.168 -.242 .493 -.046 .037 

Sericostoma sp. -.248 .102 -.566* -.314 .546* -.070 -.140 -.238 .278 -.024 .042 
Sericostoma 
personatum 

-.375 -.220 -.119 -.344 -.169 .357 .429 -.242 -.011 .082 .115 

 
The correlations between environmental 

variables and Trichoptera assemblages were 
determined by using Pearson correlation analysis. 
This analysis showed that Cl, NH4-N, NO2-N, NO3-
N and Ca+2 were no significant correlation with 

Trichoptera species in this study area. Hydropsyche 
contubernalis and Rhyacophila dorsalis were 
negatively correlated (P < 0.05) with DO while 
Philopotamus montanus and Cheumatopsyche 
lepida showed positive correlation (P < 0.05). pH 
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showed a significant negative correlation with 
Hydropsyche sp., Hydropsyche contubernalis,   
Sericostoma sp. (P < 0.05), Hydropsyche fulvipes, 
Hydropsyche tenuis, Rhyacophila dorsalis (P < 
0.01). Glossosoma conformis was positively 
correlated with EC while Metanoea sp. was related 
negatively (P < 0.05). Water temperature (°C) 
showed a positive correlation with Agapetus 
fuscipes, Limnephilus lunatus, Drusus simplex (P < 
0.05) and, negatively correlated with Hydropsyche 
sp., H.angustipennis, H.contubernalis, Rhyacophila 
dorsalis (P < 0.05), Hydropsyche instabilis (P < 
0.01). Mg+2 showed a significant positive 
correlation with only Micropterna testacea (P < 
0.01). Also, flow velocity was related positively 
with Sericostoma sp., Metanoea sp.  (P < 0.05), 
Hydropsyche tenuis (P < 0.01) (Table 4). PO4-P 
was eliminated because of it had a quite low and 
same values at the all stations for all measurements. 
 
 
DISCUSSION 

 
As a result of the study, 27 taxa belonging to 

Trichoptera order were determined in three streams 
where located in Tunceli province (Turkey). 
Although identified species were previously 
determined in various regions of Turkey, these taxa 
were recorded for the first time in these streams 
[13, 19]. Because, this is the first study to determine 
the Trichoptera fauna of Munzur Stream, Kodi 
Creek and Aunca Creek. 

The various local and regional environmental 
factors can affect the distribution of aquatic 
macroinvertebrates, such as physicochemical 
variables of the stream water, hydrology, and 
geographical location, as well as climatic factors 
[20- 23]. The CCA ordination diagram indicated 
that the distribution of Trichoptera assemblages in 
these streams of the current study was primarily 
associated with pH, Ca and °C. However, some 
other environmental variables (e.g, DO, EC, NH4-
N, NO3-N, Cl) were correlated with taxa 
composition. The most of the variation of 
Trichoptera assemblages and environment relation 
in Flanders (Belgium) was characterized by pH, EC 
and, DO [24]. Water temperature has been reported 
in the many studies as an important factor in 
distribution of Trichoptera larvae [25- 27]. Water 
temperature played a major role in the distribution 
of Trichoptera assemblages in our study, as 
suggested by the results of CCA and Pearson 
correlation analysis. The distributions of Agapetus 
fuscipes, Limnephilus lunatus, Drusus simplex, Silo 
sp., Lepidostoma hirtum, Hydroptila occulta, 
Glossosoma conformis were related to water 
temperature in the current study. 

pH is one of the important factors which 
influences on aquatic life. According to Tanyolaç 
[28], each organism has a tolerance against the 

certain level of pH values and they are ability 
to grow in pH values between 6.4 and 8.6. 
Trichoptera species are correlated strongly with pH 
[29]. The pH values obtained from this study 
ranged from 6.12 to 8.67 in this study. All stations, 
except M5 station, were alkaline. Hydropsyche sp., 
H. contubernalis, H.fulvipes, H. tenuis, 
Rhyacophila dorsalis and Sericostoma sp. were 
negatively correlated with pH. However, Bispo et 
al. [30] reported that measured electrical 
conductivity and pH values did not change the 
Trichoptera fauna within the limits recorded for the 
streams studied in the Pirenópolis region. 
Therefore, they suggested the spatial distribution of 
Trichoptera larvae may be explained by vegetation 
cover and stream order. 

In the present study, flow velocity was showed 
positive correlation with the distribution of 
Sericostoma sp., Metanoea sp., Hydropsyche tenuis. 
Stream velocity was recorded in Flemish lowland 
streams but did not show any correlation with 
distribution of trichopteran species assemblages 
[31]. However, Angelier [32] reported that velocity 
seems to be good predictor of the longitudinal 
distribution of aquatic invertebrates in running 
waters. 

The most representative family of this study 
was found as Hydropsychidae and nine taxa were 
determined belong to this family. Water 
temperature and pH were the most related to 
distribution of Hydropsychidae. Coexistence of 
Hydropsychidae species and their preference of 
habitats were noticed and discussed by many 
authors and are a common feature of this family 
[33, 34]. 

Nevertheless, in spite of the good relationship 
between the environmental variables and the 
distribution of aquatic invertebrates, the 
explanatory power of these variables may not be 
enough, especially in the case of Trichoptera [35, 
36]. In this study, only 60.1% of the variance is 
explained by the first four axes. 

The diversity values ranged between 0 and 
2.896 (Shannon-Wiener) and 0-0.856 (Simpson) 
and basin had a low diversity compared with the 
normal diversity range, established by Magurran 
[37] between 1.5 and 3.5 and Shannon- Wiener 
index value is between 1 and 3 in moderately 
polluted streams based on the opinion of Mason 
[38]. Generally, the lowest biodiversity values were 
determined Aunca Creek while the highest values 
in Munzur Stream. It is expected that Munzur 
Stream has a higher biodiversity value than Aunca 
and Kodi Creeks because of the size of this stream 
is greater than the others. There is a positive 
correlation between the stream size related 
variables and Trichoptera species richness [39]. 
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CONCLUSIONS 
 
The distribution of the Trichoptera species 

related to multiple environmental variables 
affecting at different spatial-temporal scales. We 
can conclude that the distributions of Trichoptera 
assemblages in there streams of Tunceli province 
was highly correlated with pH, Ca and water 
temperature. Also, there has been no study about 
Trichoptera fauna and their relationships to 
environmental variables in this study area. Therefore, 
identified all taxa were recorded for the first time.  
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ABSTRACT 

The main objective of this study was to isolate 
carfentrazone ethyl degrading soil bacteria from 
agricultural soils that would enable investigators to 
identify and use indigenous microbes for 
degradation of carfentrazone-ethyl from 
contaminated lands.   Soil samples were collected 
from different agricultural lands of Punjab and 
Sindh, which have a previous exposure to pesticide. 
The bacterial culture capable of degrading 
carfentrazone -ethyl was isolated from soil using 
enrichment technique. Soil in Erlenmeyer flasks (5 
g/100 ml water) incubated at 32±1°C in an 
incubator was treated with 1.25 μg of 
carfentrazone-ethyl per gram of soil, 6 times at 10 
day intervals to enrich the soil with carfentrazone-
ethyl degrading bacteria. Isolates were cultured on 
MSM plates with varying concentrations (5ppm 
and10ppm) of carfentrazone-ethyl. Characterization 
was done based on morphological characters and 
biochemical tests. In the present study, a high 
efficient carfentrazone ethyl degrading strain of 
Pseudomonas aeruginosa was isolated, which can 
be used for degradation and elimination of 
carfentrazone-ethyl from contaminated soils. 

 
 

KEYWORDS: 
Carfentrazone-ethyl, herbicide, biodegradation, Isolation, 
soil bacteria 

 
 

INTRODUCTION  

Herbicides are chemicals that are used to 
control weeds. The term herbicides include a large 
number of chemical structures. These chemicals 
affect plant growth in many different ways and may 
have adverse effects on animals under high 
exposure conditions [1-2].The use of herbicides 
during last 60 years have increased to a very high 
extent throughout the world [3], contributing 60% 
of total pesticides used [4-5]. 

Herbicides are extensively used for the 
purpose of crop cultivation and still remain as an 
important strategy for the commercial agriculture. 

However, the widespread use of herbicides has 
resulted contamination of shallow groundwater and 
surface waters, which became a major issue and a 
serious environmental problem [6]. Human 
toxicology of herbicides include several disorders 
of reproductive system, brain disorders ,changes in 
human behaviors disturbances in the  proper 
functioning of hormones and immune system and  
in some cases herbicides accumulate in the fat 
tissues of human body which causes many disorders 
[7]. Pseudomonas aeruginosa is a gram-negative 
bacterium [8] and it is a member of family 
Pseudomonadaceae [9] and genus Pseudomonas 
[10]. Pseudomonas aeruginosa is an opportunistic 
pathogen of human being as well as plants [11]. 
Pseudomonas aeruginosa and  other members of 
this family play a very important role in 
bioremediation of xenobiotic compounds from 
contaminated sites of environment. 

The present investigation was carried out to 
isolate soil bacteria which have ability to degrade 
Carfentrazone-ethyl. The study also emphasized to 
characterize and identify carfentrazone-ethyl 
degrading soil bacteria from agriculture land of 
some selected provinces of Pakistan. This study 
will help in enzyme extraction for degradation of 
carfentrazone ethyl and related pesticides. It will 
also contribute to the development of strategies for 
the bioremediation of carfentrazone  contaminated 
soils and genetic identification and capability of 
degradation of carfentrazone ethyl by 
Pseudomonas aeruginosa.    

 
 

MATERIALS AND METHODS 

 Sampling. Soil samples were randomly 
collected from agricultural areas. In case of Sindh, 
soil samples were taken from Pir Jo Goth, Khairpur 
Mirus. In case of Punjab the soil were collected 
from Chak Waris Abad, Puinjab, because pesticide 
are being extensively used in these agricultural 
lands especially  in cotton and tobacco growing 
areas of Sindh and Punjab [12]. Three replicates 
were collected in the quantity of 50gm from each 
field. Surface soil as well as soil from depth of 6 
inches was collected using hand auger and spade. 
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During sampling date and timing of collection and 
complete information about used pests were 
collected. After collection, soil samples were kept 
in plastic bag at ambient temperature until 
processing. The bag was kept open to prevent an 
increase of their temperature and the subsequent 
death of bacteria (Gold l.., 1978). 

 
Isolation of Bacteria. Bacteria having ability 

to degrade carfentrazone-ethyl pesticide were 
isolated by enrichment technique from agricultural 
soil. Soil in Erlenmeyer flasks (5g/100 ml water) 
incubated at 32±1°C in an incubator was treated 
with 1.25μg of Carfentrazone-ethyl per gram of 
soil, 6 times at 10 day intervals to enrich the soil 
with carfentrazone-ethyl degrading bacteria. 
Bacteria capable of degrading carfentrazone-ethyl 
were isolated from this enrichment culture by 
placing it on mineral salt agar medium 
supplemented with 5ppm Carfentrazone -ethyl 
pesticide. Composition of mineral salt medium 
were including, NH4NO3 0.1% (w/v), NaCl 0.1% 
(w/v), K2HPO4 0.15% (w/v), KH2PO4 0.05% (w/v), 
MgSO4.7H2O 0.01% (w/v), FeSO4 0.0025% 
medium pH were adjusted to 7.5.  

 
Identification of bacteria. Selected isolates 

were purified on nutrient agar medium. Colonies 
were characterized by gram staining and also based 
on morphological characters. Further biochemical 
test were anual of 
determinative bacteriology for taxonomic 
characterization tests [13].  

 
Nitrate reductase agar (Ewing, 1996). 

Nitrate reductase agar was prepared by dissolving 
21g of agar in 1000ml of distilled water, poured 
measured amounts of suspended medium in test 
tubes and sterilized by autoclaving at 1210C for 
15m and allowed the test to cool down in slant 
position. After inoculation the medium was 
incubated at 35 to 37 0C for 24h. 

 
Urease test agar. Urease test agar was 

prepared by suspending 2.4g of urea agar base 
(Oxoid) in 95ml distilled water, boiled to dissolve 
completely, and sterilized by autoclaving at 115 0C 
for 20 minutes. The medium was cooled to 50 0C 
and 5ml sterilized 40% urea solution SR 20 (Oxoid) 
was added aseptically and mixed thoroughly. The 
medium (2ml) was poured in already sterilized 
small test tubes and allowed to solidify in slant 
position. 

 
Simmons citrate agar. Simmons Citrate 

medium was prepared by suspending 2.3g of 
dehydrated medium (Oxoid) in 100ml distilled 
water and boiled to dissolve completely. The 
medium (2-3 ml) was poured in small test tubes, 
sterilized by autoclaving at 1210C   for 20 minutes, 

and allowed to solidify in slant position. 
 
Sulphide- indole and motility (SIM) 

medium. Sulphide indole and motility medium 
(Oxoid) was prepared by suspending 3 gram 
dehydrated agar in 100ml distilled water and boiled 
to dissolve completely. The medium (2-3 ml) was 
dispensed in 10ml test tubes, which were sterilized 
by autoclaving at 1210 C for 20 minutes and 
allowed to solidify in butt form. 

 
Kligler Iron agar. Kligler iron agar (Oxoid) 

was prepared by suspending 5.5g of dehydrated 
medium (Oxoid) in 100ml distilled water, and 
gently boiled to dissolve completely. About 4-5 ml 
medium was dispensed in 10ml test tubes, sterilized 
by autoclaving at 1210C for 15 minutes, and 
allowed to set butt and slant position. 

 
Coagulase test. (Cheesbroug, 1984). To 

differentiate the Staphylococcus aureus from 
Staphylococcus epidermides and Staphylococcus 
saprophyticous performed the coagulase test.   

 
Catalase test. Catalase test was performed to 

differentiate the staphylococcus species from 
streptococcus species and poured 2-3 ml H2O2 
solution in a clean test tube. Picked few colonies of 
test organism with a sterilized wooden stick and 
immersed in the hydrogen peroxide solution. The 
staphylococcus produced bubbles and streptococci 
not Suspected Gram negative colonies from the 
culture were further confirmed by the following 
biochemical tests. 

 
Oxidase test (Benson, 1994). Sterilized 

distilled water was taken in a clean test tube and 
emulsified oxidase reagent (prepared by mixing 0.1 
gram of tetramethyl-p-phenylene-diamine di-
hydrochloride in 100 ml distilled water). A 
sterilized filter paper (Wattman) strip was dipped 
into it and placed in a clean Petri dish. A colony 
was removed from the nutrient agar plate with the 
help of sterilized toothpick and placed on the strip. 
After 10 seconds, the appearance of dark purple 
color shows positive test. 

 
Triple sugar iron agar. The preparation of 

triple sugar iron agar was carried by suspending 60 
grams of medium in one litter if distilled water, 
completely dissolved by placing in water bath and 
then autoclaved at 121 0C for 15 minutes and 
allowed the medium to solidify in slant position. 

 
Gelatin liquefaction test (MacFaddin, 

2000). To prepare gelatin liquefaction medium 128 
grams of agar was suspended in one liter of distilled 
water completely dissolved by gentle heating and 
autoclaved at 1210C for 15 minutes. With the help 
of sterilized wire loop selected colonies were 
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inoculated in the center of the medium and 
incubated at 350C for 24 to 48 hours. After 
incubation the tubes were transfer to refrigerator. 

 
Methyl Red test (MacFaddin, 2000). Methyl 

red broth was prepared using 0.02 gram of agar in 
60.0 ml of ethyl alcohol and 40.0 ml of distilled 
water. With the help of sterilized wire loop took the 
isolated colonies and inoculated the MR-VP broth 
and inoculated at 350C for 24 hours. After overnight 
incubation 2.5ml broth was removed for VP test. 
And rest of broth was further incubated for 24 
hours. Methyl red reagent was added and colour 
was absorbed. Voges-prospkauer test was 
performed by taking 1ml of ML-VP broth in attest 
tube and adding 5 drops of reagent A and 5 drops of 
reagent B.   

 
Fermentation of sugars. With the help of 

sterilized inoculating loop a single colony was 
picked and stabbed in the center of the butt portion 
of the Kiligar Iron agar from top to the bottom and 
then withdrawn along the same path and streaked in 
a zigzag in the slant portion. The tubes were 
incubated aerobically at 370C for overnight. The 
glucose fermenting bacteria produced alkaline slant 
and acidic butt (red slant and yellow butt), glucose 
and lactose fermenting bacteria produced acidic 
slant and alkaline butt (yellow slant and red butt) 
and neither glucose nor lactose fermenting bacteria 
produced alkaline butt and alkaline slant (red slant 
and red butt). The same test was also read for 
production of gas. Cracks in the test set up medium 
shows the production of gas. 

 
Starch Hydrolysis test (Leboffe and Pierce, 

2010). For starch hydrolysis test starch medium was 
prepared by suspending 2g of beef extract, 10g of 
starch and 12g of agar in 1 liter of distilled water, 
completely dissolved and autoclaved at 1210C for 
15 minutes. Allowed the plates to solidify. 
Inoculated the fresh inoculums on starch agar 
medium and incubated for 24-48 hours. After 
incubation iodine was used for further test of starch 
hydrolysis. 

 
 

RESULTS AND DISCUSSION 

Table 1 shows bacterial growth on different 
concentrations of carfentrazone ethyl. Soil 
samples were taken from different areas of Punjab. 
Inoculum from enrichment media was inoculated 
on MSM with 5ppm concentration of carfentrazone 

ethyl; there was no growth on control. When the 
bacteria were cultured on MSM with 10ppm 
carfentrazone ethyl; in this case growth took 
placed in the plates but not in control. Figure 1A 

and B shows bacterial growth on 5 ppm and 
10 ppm of carfentrazone-ethyl respectively. 

 
TABLE 1 

Bacterial growth on MSM different 
concentrations of carfentrazone ethyl, soil 

sample from Punjab. 
 

 5ppm 10ppm 
 Control   _ _ 
Carf1                   + + 

 

 
FIGURE 1 

Growth on 5ppm (A) and 1*ppm (B) 
concentration of Carfentrazone-ethyl 

 
 

TABLE 2 
Bacterial growth on MSM different 

concentrations of carfentrazone ethyl, soil 
sample from Sindh. 

 
                       5ppm  10ppm 
Control                   _                 _ 

Carf2                      +                 + 
 
Table 2 shows bacterial growth on different 

concentrations of carfentrazone ethyl. Soil 
samples were taken from different areas of Sindh. 
Inoculum from enrichment media was inoculated 
on MSM with 5ppm concentration of carfentrazone 

ethyl there was no growth on control. From these 
plates bacteria were cultured on MSM with 10ppm 
carfentrazone ethyl; in this case growth was 
appeared in these plates but not in control. . Figure 
2 A and B shows bacterial growth on 5 ppm and 10 
ppm of carfentrazone-ethyl respectively. 
 

 
FIGURE 1 

Growth on 5ppm (A) and 1*ppm (B) 
concentration of Carfentrazone-ethyl 
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Table 3 shows morphological characterization 
of two isolates of enrichment technology. Both the 
isolates were tested against Gram staining, colony 
morphology on nutrient agar spore stain test, 
capsule stain test and motility test. 

 
TABLE 3 

Morphological characteristics of bacterial 
isolates 

 
Strain Gram 

Stain 
Shape Spore 

Stain 
Capsule 
Stain 

Motility 

Carf1- 
Carf2- 

 
 

Rod 
Rod 

 
 

 
 

+ 
+ 

 
 
Table 4 shows biochemical tests used to 

characterize the two isolates of enrichment 
technology. Both the isolates were tested against 
gelatine liquefaction, starch hydrolysis, lipid 
hydrolysis, casein hydrolysis, H2S production, triple 
sugar iron, nitrate reduction, catalase test, lipase 
test, oxidase test, methyl red, citrate utilization, 
sugar fermentation and Urease test. The results of 
this characterization showed that the characterized 
strains are Pseudomonas aeruginosa. 

Biodegradation of chemical pesticides 
including herbicides is an important process in 
which microorganisms especially bacteria play 
crucial roles in the biodegradation of pesticide from 
our environment. Carfentrazone is new triazolinone 
herbicide introduced early in 2000, so very little is 
known about its contamination and degradation 
pathway either by bacteria or any other 
microorganism [14, 15]. In environment 
carfentrazone  ethyl degrades in to its metabolites 
by hydrolysis. In this regard a study was conducted 
by Ngim et al. [16], in which they found that 
carfentrazone-ethyl was hydrolyzed into metabolite 
chloropropionic acid. It further degraded into 
another three metabolites, propionic, cinnamic and 
benzoic acid.  

In the present study, a high efficient 
carfentrazone ethyl degrading Pseudomonas 
aeruginosa strains were isolated. The bacterial 
culture capable of degrading carfentrazone-ethyl 
was isolated from soil using enrichment technique. 
Isolates were cultured on MSM plates with varying 
concentration of carfentrazone-ethyl. In this study 
soil samples were collected from different 
agricultural sites of Punjab and Sindh which had a 
history of pesticide exposure. Pseudomonas 
aeruginosa strains were isolated from the pesticide-
polluted soil samples by enrichment culture 
technique. Bacteria having ability to degrade 
/highly resistance for carfentrazone ethyl were 
isolated from agricultural soil samples obtained 
from agricultural fields of Sindh and Punjab by 
using enrichment technology. After enrichment of 
soil samples with 1.25 microgram of carfentrazone 
ethyl, inoculums from these enriched media were 

inoculated on MSM with different 
concentrations of carfentrazone ethyl. In both 
cases, samples from Punjab and Sindh the growth in 
inoculums was much more in 10ppm as compare to 
5ppm concentrations. Therefore, it is observed that 
the isolated microbe might be using the available 
compound as a source of nutrient, when exposed to 
certain chemicals, they breakdown the chemical 
compound into simple forms to use them as a 
source of nutrients [17]. After gram staining and 
biochemical characterization of isolates it revealed 
that both isolates were strains of Pseudomonas 
aeruginosa. Many biodegradation studies have 
shown that Pseudomonas species, P. aeruginosa, 
and P. fluorescens have been playing vital role in 
pesticide degradation [18]. These bacteria use the 
pesticides as sole source of carbon and use these 
pesticides as source of energy [19, 20].  The study 
Jilani and Khan [21] also isolated Pseudomonas 
species which were able to grow in pesticide 
containing media and degraded the pesticides. The 
pesticides used in this investigation include 
malathion, methamidophos, cartap and 
cypermethrin. The results of their study showed that 
Pseudomonas species were able to grow in the 
presence of a number of chemical pesticides 
showing its high efficiency in degradation of 
pesticides. Thus the results of these studies spot 
results of our study that Pseudomonas aeruginosa 
plays an important role in degradation of 
carfentrazone ethyl and can be used in elimination 
of carfentrazone from contaminated site.   

The results of present study show that strains 
of Pseudomonas aeruginosa are capable of utilizing 
carfentrazone- ethyl as a source of carbon. 
Consumption of chemical compounds by soil 
microbes especially bacteria is a crucial 
phenomenon by which these compounds are 
eliminated from the environment, and in this way 
microorganisms play a very important role in 
control of environmental pollution. Thus results of 
our study show that Pseudomonas aeruginosa can 
grow in soils contaminated with carfentrazone 
ethyl herbicide and therefore, Pseudomonas 
aeruginosa can be used to bioremediation of 
carfentrazone ethyl in contaminated soils.  

In conclusion, Pseudomonas aeruginosa has 
the ability to degrade carfentrazone ethyl and can 
be used as a source of carbon. Therefore, results of 
our study show that Pseudomonas aeruginosa can 
grow in soils contaminated with carfentrazone- 
ethyl herbicide and thus can be used for 
bioremediation. So, the results of present study can 
be used for the elimination of carfentrazone ethyl 
from contaminated soils, enzymatic extraction as 
well as genetic characterization and identification 
of genes responsible for such kind of degradation. 
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TABLE 4 
Biochemical characteristics of bacteria isolates 

 
 

Biochemical tests 
Strains 

Caf 1 Caf 2 
1      Gelatine Lique-faction _ _ 
2      starch hydrolysis +  
3      Lipid Hydro-lysis _ _ 
4      Casein Hydro-lysis _ _ 
5      H2S Produ-ction _ _ 
 
 
6      TSI 
 

Slant _ _ 

Butt _  

Growth _ _ 

7      Nitrate reduction  test + + 
8      Catalase test + + 
9      Urease test + + 
10    Oxidase test + + 
11    Indole test + + 
12    MR   test _ _ 
13    VP  Test + + 
14    Citrate test + + 
 
16 
Fermentation 

L _ _ 
D + + 
S _ _ 
M _ _ 

Identification P. aeruginosa P. aeruginosa 

P - Pseudomonas,  
H2S-Hydrogen peroxide, TSI-Triple sugar iron agar, MR-Methyl Red, VP-Voges Proskauer, w-Weak, d-
Differential AND Fermentation, L-Lactose, D-Dextrose, S-Sucrose, M-Maltose,  +, Positive test,  , Negative 
test. NT: Not Tested 
 

 
REFERENCES 

[1] Burton, L. D. (2010) Agriscience: 
fundamentals and applications. 5th edi. printed 
in USA.pp 281 282. 

[2] Altug,  O. (2016) Measuring environmental 
efficiency in the EU agricultural sector 
"considering desirable and undesirable 
outputs". Fresen. Environ. Bull. 25(1):240-248. 

[3] Gianessi, L.P. and Reigner, N.P (2007) The 
value of herbicides in U.S. crop production. 
Weed      Technol. 21:559-566. 

[4] Anwar, T., Ahmad, I. and Tahir, S. (2012)  
Determination of pesticide residues in soil of 
Nawabshah District, Sindh, Pakistan. Pakistan 
J. Zool., 44: 87-93. 

[5] Suri, C. R.., Raje, M.. and Varshney, GC. 
(2002) Immunosensors for pesticide analysis: 
Antibody production and sensor development. 
Crit Rev Biotechnol 22: 15-32. 

[6] Alawi, M., Al-Antary T., Estaiyah, H., Al-
Aqqad, S. and  Haddad N. (2015) Chlorinated 
pesticide residues in human breast milk from 
Southern Jordan: Comparative study between 

2008 and 2012.  Fresen. Environ. 
Bull. 24(12a):4512-4518 

[7] Jurewicz, J. and Hanke, W. (2008). Parental 
and Childhood Exposure to Pesticides and 
Neurobehavioural Development. Review of 
Epidemiological Studies. International Journal 
on Occupation and Medical Environmental 
Health (2) 21. pp 211-232. 

[8] Ryan, K. J. and  Ray, C.G (editors) (2004). 
Sherris Medical Microbiology (4th ed. ed 
McGraw Hill. ISBN 0-8385-8529-9. 

[9] Pollack M. and Pseudomonas A. (2000) In: 
Mandell GL, Bennett JE, Dolin R, 
eds. Principles and   Practice of Infectious 
Diseases. 5th ed. New York, NY: Churchill 
Livingstone; :2310-27.  

[10] Anzai Y., Kim H., Park Jy., Wakabayashi H. 
and Oyaizu H. (2000). "Phylogenetic affiliation 
of the pseudomonads based on 16S rRNA 
sequence". Int J Syst Evol Microbiol 50 (Pt 4): 
1563 89. 

[11] Iglewski, B. H. (1996) Pseudomonas. In: 
Baron's Medical Microbiology (Baron S et al, 
eds.) (4th ed.). Univ of Texas Medical Branch. 
ISBN 0-9631172-1-1. 



© by PSP  Volume 25  No. 11/2016, pages 4982-4987  Fresenius Environmental Bulletin  

4987 

[12] Khan, D.A., Shabbir, S., Majid, M., Ahad, K., 
Naqvi, T.A. and Khan, F.A. 2010. Risk 
assessment of pesticide exposure on health of 
Pakistani tobacco farmers. J. Expo. Sci. 
Environ. Epidemiol., 20: 196-204. 

[13] Brenner D. J., Staley J.T. and Krieg N.R. 
(2005). Classification of Procaryotic 
Organisms and the Concept of Bacterial 
Speciation. Chapter. 1-6.  

[14] Dong, M, Ma, Y, Lui, F, Qian ,C. and Han, L. 
(2008) Use of multiwalled carbon nanotubes as 
a SPE absorbent for analysis of carfentrazone- 
ethyl in water .chromatographia, vol 69.pp73-
77. 

[15] Han, L.J.,Xu,Y.J., Dong, M.F. and Qian,C.F 
(2007) Bull Environ Contam Toxicol, vol 79, 
pp. 445 447. doi:10.1007/s00128-007-9262-z. 

[16] Ngim KK., Mabury, Sa. and Crosby, D G. 
(2000) Elucidation of fipronil photodegradation 
pathways. J Agric Food Chem.  ;48(10):4661-
5. 

[17] Robin A., Vansuyt, G., Hinsinger, P., Meyer, J. 
M.,   Briat, J. F. and Lemanceau, P. (2008) 

Consequences for plant health and 
 Advances in Agronomy, vol. 99, pp. 

183 225. 
[18] Majid,  M.R., Pahlaviani, K., Massiha, A. 

Issazadeh, K. and Muradov, P.N (2012). 

2012 22 nd International Conference on 
Environment and Industrial Innovation. 35. 

[19] Digrak, M., Ozcelik, S.and Celik, S. (1995). 
Degradation of ethion and methidation by some 
microorganisms. 35th IUPAC Congress. 
Istanbul. 14: 19-84 

[20] Ghisalba, O., Kueenzi Ramos M., Tombo, GM. 
and Schaer HP. (1987). Organophosphorous 
microbial degradation and utilization of 
selected organophosphorous compounds: 
Strategies and Applications. Chemia 41: 206-
210 

[21] Jilani, S., and Altaf Khan, M. (2004) 
Isolation,characterization and growth response 
of pesticides degrading bacteria, Journal of 
Biological Sciences Vol. 4 No.1,p:15-20. 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
Received: 06.04.2016 
Accepted: 09.08.2016 
 
 
CORRESPONDING AUTHOR 
 
Shaukat Ali 
Department of Environmental Sciences, Karakoram 
International University Gilgit-Baltistan, 15100 
Gilgit, Pakistan. 

 
Email: dr.shaukat@kiu.edu.pk 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



© by PSP  Volume 25  No. 11/2016, pages 4988-4994  Fresenius Environmental Bulletin  

4988 
 

 

 
TRANSFER FACTOR OF SOME HEAVY METALS IN 

MUSCLE OF CYPRINUS CARPIO  
 

Ozgur Canpolat*, Mucahit Eroglu, Mustafa Dusukcan 
 

rsity, Fisheries Faculty 23119 E  
 
 

ABSTRACT 
 

In this study, some heavy metal concentrations 
(cobalt, cadmium, copper, iron, zinc, chromium, 
lead and arsenic) were determined in water and in 
muscle of Cyprinus carpio (Heckel, 1843) to study 
the potential human risk of consumption and the 
relationship between the heavy metal load of fish 
and some of their biological aspects (weight, length 
and sex). In addition, the transfer factor of heavy 
metals in C. carpio were determined. It was found 
that heavy metals accumulated in muscle of C. 
carpio were higher than that in the surrounding 
water. The concentration of heavy metals showed 
differences according to weight, length and sex of 
fish. The results were discussed and compared with 
tolerable values for heavy metals provided from the 
EPA and FAO to determine whether this species 
has any risk for human consumption. 
 
 
KEYWORDS: 
Transfer factor, heavy metal, muscle, accumulation, 
human consumption, Cyprinus carpio 
 
 
INTRODUCTION 
 

Metals are considered to be the most 
important form of aquatic pollution because of their 
toxicity, long persistence, and accumulation by 
aquatic organisms [1]. Pollution by heavy metals in 
aquatic ecosystem is growing at an alarming rate 
and has become an important worldwide problem 
[2]. As heavy metals cannot be degraded, they are 
deposited, assimilated or incorporated in water, 
sediment and aquatic animals [3,4] and thus, 
causing heavy metal pollution in water bodies [2,4]. 
Therefore, heavy metals can be bioaccumulated and 
biomagnified via the food chain and finally 
assimilated by human consumers resulting in health 
risks. As a consequence, fish are often used as 
indicators of heavy metals contamination in the 
aquatic ecosystem because they occupy high 
trophic levels and are important food source [4]. 
Metal bioaccumulation is largely attributed to 
differences in uptake and depuration period of 
various metals in different fish species. Multiple 
factors including season, physical and chemical 

properties of water can play a significant role in 
metal accumulation in different fish tissues [5].  

The main objectives of this study were: (1) to 
determine the concentrations of Co, Cd, Cu, Fe, Zn, 
Cr, Pb and As in the muscle of C. carpio, (2) to 
assess the changes of element concentrations with 
total length, weight and sex of the fish, (3) to 
determine Transfer Factor (TF) of heavy metals in 
fish and (4) to determine whether specific elements 
exceeded maximum permitted concentrations 
(MPC) for human consumption. 
 
 
MATERIAL AND METHODS 
 

Site Description. Karakaya Dam Lake (Fig. 
1) is the third largest dam lake established on the 
River Euphrates. 

  

FIGURE 1 
Sampling locations in the Karakaya Dam Lake, 

Turkey [6] 
 

Fish Sampling and Analyses. The 
concentrations of metals were measured in the 
muscles of fish collected by gill net in the open 
water of Karakaya Dam Lake. Captured fish were 
placed in plastic bags and immediately transported 
to the laboratory in a freezer bag with ice. Total 
length and weight of fish were measured to the 
nearest millimetre and gram before dissection, and 
then approximately 3g muscle (cleaned from skin) 
samples were dissected from a total of 30 C. carpio. 
Muscle samples were individually transferred to 4 
ml glass vials previously washed (with 0.1 N nitric 
acid), dried, and weighed and then they were dried 
in an oven for 24 hours at 105ºC and kept in a 
desiccator for a few days until constant weight was 
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obtained. Vials were again weighed to obtain dry 
weight of tissues, and then samples were digested 
(duplicate digestion, in each case) on a hot plate by 
adding 2 ml suprapure nitric acid (65%, Merck, 
Whitehouse Station, New Jersey). The solution was 
evaporated on hot plate. Digestion was continued 
until the liquor was clear. Digested samples were 
kept at room temperature for 24 hours and then 
diluted to 50 ml with deionised distilled water. 
Standard solutions for calibration graphs were 
prepared. Blanks were also prepared using the 
procedure as above, but without the samples. 
Diluted samples and blank solutions were analysed 
by ICP (Perkin Elmer Optima 5300 DV) for 
determination of zinc (Zn), copper (Cu), iron (Fe), 
cobalt (Co), cadmium (Cd), chromium (Cr) and 
lead (Pb) levels [7].  

 
Reagents and Apparatus. All reagents were 

of analytical reagent grade unless otherwise stated. 
Distilled water was used for the preparation of 
solutions. All the plastic and glassware were 
cleaned by soaking, with contact, overnight 0.1 N 
nitric acid solution and then rinsed with distilled 
water prior to use. HNO3 used for digestion are 
supplied by Merck. The concentrations of copper, 
iron, zinc, cadmium, cobalt, nickel, lead, mercury, 
arsenic, calcium and magnesium were determined 
by ICP (Perkin Elmer Optima 5300 DV). 

 
Blank Preparation. At each step of the 

digestion processes of the samples acid blanks 
(laboratory blank) were done using an identical 
procedure to ensure that the samples and chemicals 
used were not contaminated. They contain the same 
digestion reagents as the real samples with the same 
acid ratios but without fish sample. After digestion, 
acid blanks were treated as samples and diluted 
with the same factor. They were analyzed by ICP 
before real samples and their values were 
subtracted to check the equipment to read only the 
exact values of heavy metals in real samples. Each 
set of digested samples had its own acid blank and 
was corrected by using the it's blank sample. 

 
Transfer Factor (TF) for Heavy Metals in 

Fish Muscle. The Transfer Factor (TF) is the ratio 
between the accumulated concentration of a given 
pollutant in any organ and its dissolved 
concentration in water. It gives an indication about 
the accumulation efficiency for any particular 
pollutant in any fish organ [8]. TF was calculated 

according to Aboul Ezz and Abdel-Razek [9] using 
the following equation: 

TF = M tissue/M water.  
Where; M tissue is the metal concentration in 

fish tissue mg/kg and M water, metal concentration 
in water mg/L. 

 
Statistical Analyses. Graphpad Prisim 5.0 

package programs were used to get the statistical 
analysis (t-test and One Way ANOVA Duncan) and 
graph of the data obtained during the research. 
 
 
RESULTS 

 
In the water samples, the concentration of 

heavy metals, Cu, Fe and Zn, were 0.01, 0.05 and 
0.08 mg L-1 respectively. Zn content was the 
highest and that of Fe was the lowest in water. The 
order of heavy metal accumulation in water was 
Zn>Fe>Cu. 

The average concentrations of the metals 
detected in fish muscles and the values of Transfer 
Factor (TF) are summarized in Table 1. It was 
found that the concentrations of metals in muscle 
were much higher than in the water. The TF from 
water to fish in case of C. carpio was in the order of 
Fe (138.17)>Zn (119.89)>Cu (48.00). Iron was the 
greatest metal accumulated by C. carpio from water 
while the TF of Cu was the lowest. 

Only Cu, Fe and Zn were detected in the 
muscle tissues samples analysed (Fig. 2). Co, Cd, 
Cr, Pb, As, Ni and Hg were found to be 
undetectable levels in the muscle samples. Positive 
relationship between heavy metal accumulation in 
muscle and fish size was observed (Fig. 3). The 
relationship was found significant between fish 
weight and heavy metal levels (P<0.05). The heavy 
metal levels in muscle tissue showed a rather 
similar pattern in relation to fish length. The 
concentration rates of all elements determined in C. 
carpio muscle tissues differs according to the 
weight and this shows that heavy metal 
accumulation level changes according to the weight 
groups. The lowest level of concentration of all 
elements in the muscles of C. carpio was found in 
100-399 g weight groups. When length is taken in 
to account the lowest concentration of all elements 
for C. carpio was found in 200-299 mm length 
group. As a result, it is found that all elements 
accumulation in the muscle of C. carpio changes 
according to the length groups.   

TABLE 1 
The Transfer Factor (TF) from water in C. carpio from Karakaya Dam Lake. 

 Cu Fe Zn 
Heavy metal concentrations  (mg L-1) in water 0.01 0.05 0.08 
Average heavy metal concentrations  (mg kg-1) in muscle 0.48 8.29 10.79 
TF 48.0 138.17 119.89 
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 Cu Fe Zn 

Min 0.23 4.67 6.78 
25% 0.35 7.29 9.92 
Md 0.48 8.43 10.99 
75% 0.59 9.39 11.99 
Max. 0.74 10.83 14.65 

 
FIGURE 2 

Box-Whisker diagram dissemination of some heavy metals concentration in muscle of C. carpio. 

 
FIGURE 3 

Some trace metals in muscle tissue of C. carpio in relation to fish weight, length and sex. 
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TABLE 2 
Heavy metal concentration in the water and acceptable values suggested by USEPA [12]. 

 
 Cu Fe Zn  

Heavy metal concentrations (mgL-1) 0.01 0.05 0.08 
Permissible limits (mgL-1) 

MC 
CC 

 
0.013 
0.009 

 
- 
1 

 
0.12 
0.12 

MC: Maximum concentrations CC: Continuously concentrations 
 
The effect of fish sex on the level of the tested 
metals was also examined (Fig. 3). Although the 
concentration of all metals analysed in muscle 
tissue of female fish were found to be higher than 
those of male fish, all tested heavy metal levels 
were not statistically significant (P>0.05).  
 
 
DISCUSSION 
 

Heavy metals in water. In the water samples, 
the concentration of heavy metals, Cu, Fe and Zn, 
were 0.01, 0.05 and 0.08 mgL-1 respectively. In a 
research about the Fe, Mn, Pb, Zn, Cu and 
Cd concentrations in water, the order of heavy 
metals concentrations were found as: 
Fe>Mn>Pb>Zn>Cu>Cd in Lake Edku, whereas 
they follow the order of Fe>Mn>Pb>Zn>Cu>Cd in 
Lake Borollus. In Lake Manzalah, metals had the 
sequence of Fe>Mn=Cu>Zn>Pb>Cd. The 
sequences of metals concentration in the three lakes 
were as follow: Fe>Mn>Cu>Zn>Pb>Cd [10]. 
Contamination of aquatic ecosystems with heavy 
metals has seriously increased worldwide attention 
[11]. By comparing measured concentrations of 
metals with water quality standards, it was found 
that all metal concentrations were lowest than the 
permissible limits (Table 2). 

 
Transfer Factor (TF). It was found that, the 

concentrations of metals in muscle are much higher 
than in the water. The TF from water to fish in case 
of C. carpio was in the order of Fe (138.17)>Zn 
(119.89)>Cu (48.00). Iron was the greatest metal 
accumulated by C. carpio from water, while the TF 
of Cu was the lowest. The presence of metals in 
high levels in fish environment does not indicate a 
direct toxic risk to fish, if there is no significant 
accumulation of metals by fish tissues [13]. On the 
other hand, all Transfer Factor (TF) from water 
were higher than 1.00 which means that the C. 
carpio accumulated metals from water. This result 
agrees with many previous studies. Rashed [14] 
determined Transfer Factors for Co, Cr, Cu, Fe, 
Mn, Ni, Sr and Zn from water, sediment and plant 
in Tilapia nilotica fish in Nasser Lake, results 
indicated that only Transfer Factors from water for 
all metals were >1.00, which means that fish 
accumulated metals from water. Also Abdel-Baki et 

al. [4] calculated Transfer Factors of five heavy 
metals from water and sediment in Tilapia fish, 
results indicated that fish accumulated all metals in 
its tissues from water. Transfer Tactors of metals 
from water in fish muscles were 41.789, 8.621, 
11.923 24.714, 35.938 for Pb, Cd, Hg, Cu and Cr 
respectively. 

 
Heavy metals in fish. In this study, the order 

in relation to the concentration of heavy metal in 
the muscle is found as Zn>Fe>Cu.  

In a research about the Fe, Mn, Cu, Zn, Cd, Cr 
and Pb accumulation in the organs and tissues of 
Capoeta capoeta umbla which lives in Lake Hazar, 
the order of these heavy metals in relation to their 
concentration in muscle is found as Zn>Fe>Cu>Mn 

[15]. Zineb et al. [16] determined the mean 
concentrations decrease in sequence of C. carpio 
samples in Sikkak Dam of Tlemcen, in muscle as 
Fe>Zn>Pb>Ni>Cu>Cd Although Al-Yousuf et al. 
[17] reported that the concentrations of elements in 
fish tissues are generally related to the age of a fish 
and consequently its size and length, there were 
significant correlations between element 
accumulation and fish size and weight in our study. 
Zyadah [18] examined the concentration of heavy 
metals such as Cu, Zn, Cd in the muscle, gill, liver 
and gonads of Tilapia zilli caught in Lake Manzalah 
in Egypt and observed a relationship between the 
percentage of metals in the organs and length and 
sex of the fish. The rate of heavy metal 
concentration was found to be in higher levels for 
female species and it is determined that the heavy 
metal concentration is lower in the short length 
group (8-11 cm) and higher in medium length 
group (11-13 cm). Canpolat [19] determined that 
positive relationship between heavy metal 
accumulation in muscle and fish size. The heavy 
metal levels in muscle tissue was found a rather 
similar pattern in relation to fish length and age. 
Searches in literature on the accumulation of heavy 
metals shows that the accumulation level may 
change according to the weight of the fish [20-21]. 
Findings of these researchers about the relationship 
between the heavy metal concentration and the 
weight and length groups have similarities with the 
findings of this study. Altug and Okgerman [22] 
determined important differences in heavy metal 
contents between surface sediment and fish samples  
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TABLE 3 
Heavy metal concentration in the muscle tissue of C. carpio and acceptable values suggested by EPA, 

WHO, FAO and Turkish Food Codex (TFC) 
 

 Heavy metals 

Cu Fe Zn 
EPA [30] (mg/kg) 54 410 410 
WHO [31] (mg kg-1) 3 146 10-75 
FAO [32] (mg kg-1) 10.0 - 150 
TFC [33] (mg kg-1) 20 50 50 
*PL (mg/day) 3.0 48.0 60.0 
C. carpio (mg kg-1) 0.23-0.74 4.67-10.83 6.78-14.65 

*PL: Permissible limits (wet wt.) according to FAO/WHO [34]  
 
and levels of heavy metals in muscle tissues of fish 
samples were calculated to be lower than liver 
tissue, sediment and freshwater mussel samples. 
According to the literatures, metal bioaccumulation 
by fish and subsequent distribution in organs is 
greatly inter-specific. In addition, many factors can 
influence metal uptake like sex, age, size, 
reproductive cycle, swimming patterns, feeding 
behaviour and living environment (i.e., 
geographical location) [23]. When the accumulation 
levels of all elements between female and male C. 
carpio caught in Karakaya Dam Lake are 
compared. All elements (except for Fe) are found in 
higher levels in muscle tissues of male C. carpio. In 
their research about the concentration of some 
heavy metals in the muscles of Lethrinus lentjan, 
Al-Yousuf et al. [17] found out that Cu. Zn and Cd 
concentration is more in female fish compared to 
the male fish.   

These results clearly show that accumulation 
levels of heavy metals in their tissues and the 
organs change according to the habitat and species 
of the fish. The heavy metal accumulation level in 
organisms are much higher than the level of 
changes in the environment and concentrations are 
changeable according to the type and the 
concentration of the metal, water quality, species of 
the organism, season, age and nutrition type 
[24,25]. These differences in the results may come 
from the features of the terrestrial environment, 
industrial, domestic and agricultural facilities. 
Because of the contamination of water directly or 
indirectly by the wastes, rise of the heavy metal 
concentration level is inevitable [26]. Fish and other 
species living in polluted water tend to accumulate 
heavy metals more in their tissues compared to 
other organisms. The monitoring of metal 
concentrations in fish is therefore useful for 
assessing the impact of metal pollution in 
freshwater systems [27] as well as the health risks 
associated with consumption of fish from these 
water bodies [28]. 

In conclusion there was a clear difference 
between the concentrations of heavy metals within 
muscle tissue of fish. In general, the lowest levels 

of these metals and minerals were found in the 
muscle compared with other tissues and organs 
[29]. However, there was no rather clear difference 
for some metal levels between the comparable 
parameters such as fish size, sex and seasons. 
Sometimes, smaller fish showed higher 
concentrations of a metal or bigger fish of another 
metal. Heavy metals pollution affects not only 
aquatic organisms, but also public health as a result 
of bioaccumulation in food chain. Our results show 
that heavy metal levels in the muscle samples taken 
from C. carpio caught from Karakaya Dam Lake 
were under the dangerous limits given by EPA [30], 
WHO [31], FAO [32] and Turkish Food Codex 
(TFC) [33] and there is no any risk for public health 
by eating C. carpio (Table 3). 
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ABSTRACT 

Vortex tube is one of the structures used for 
separating bed sediments. The vortex tube traps bed 
sediments with a simple mechanism by vortex 
(eddy current) caused by different velocities of 
water in the bed and the tube. These sediments are 
transferred out of the intake through a conduit. One 
of the methods to increase sediment trap efficiency 
is to install a barrier upstream of the vortex tube. 
By strengthening the vortex (eddy) current on the 
tube, more sediment will be transferred to the 
conduit. In this experimental study, the effect of a 
rectangular barrier with various heights and 
distances from the upstream of the vortex tube was 
investigated under different hydraulic conditions. 
The results showed higher trap efficiency in the 
presence of a rectangular barrier. Generally, the 
barrier resulted in an increase of roughly 17.8 
percent in sediment trap efficiency. Sediment trap 
efficiency hangs on the height of the barrier, the 
distance from the slot on the tube and hydraulic 
conditions (Froude number). Sediment trap 
efficiency decreases with the increase in the Froude 
number (Fr). 
 

  
KEYWORDS: 
Vortex tube, barrier, sediment, Froude number, trap 
efficiency 
 

 
INTRODUCTION 

One of the important factors in the design of 
intakes is to divert water from the intake with 
maximum discharge and minimum sediments. 
Generally, sediment transport from rivers to intakes 
and channels is associated with serious problems. 
For example, precipitation of sediments decreases 
the capacity and increases maintenance costs. In 
general, bed load sediments in rivers are prevented 
from entering intakes by increasing the level of the 
bottom of intake and installing floor walls or 
submerged plates. Despite the design of these 

structures and constant levels of such structures, a 
large volume of bed sediments enter intakes, 
especially when floods happen because of variable 
hydraulic conditions. Thus, it is necessary to design 
a simple and affordable structure to separate bed 
sediments and transfer them to the river. In the 
absence of such structures, coarse bed sediments 
are precipitated at the channel inlet which causes 
operational problems, particularly when 
dehydration occurs [1]. 

Vortex tube is a structure with a longitudinal 
slot at the top installed on the channel bed and 
width. Vortex tube operates by sediment weight and 
spiral rotational force inside the tube. These forces 
transfer sediments that fall into the tube from the 
slot to the other side of the tube [2]. 

 
 

RESEARCH METHODS 

Vortex tube was first introduced by Parshall 
(1951). [3]. According to Parshall, when the Froude 
number is 1, the vortex tubes show minimum trap 
efficiency. Blench (1952) found that the vortex 
settler can be used for large channels with a 
current-carrying capacity of 280 m3/s [4]. Ahmed 
(1958) used perforated tunnels along the flow path 
and concluded that the vortex tube may have a 
higher sediment trap efficiency in a frontal intake 
[5]. He also found an optimal Froude number of 0.8 
with maximum sediment trap efficiency. Robinson 
(1962) concluded that when the level of channel 
floor is constant without any increase or decrease in 
the height, the Froude number will play a more 
important role [6]. 

He also carried out another study on vortex 
settlers and concluded that the diameter of the 
vortex tube is almost equal to the depth of flow (in 
the Froude number of 0.8). In addition, the edges of 
the tube must be aligned and the slot diameter 
should be one-sixth of the tube circumference. 
Robinson found a Froude number of 0.6 to 0.7 for 
sediment size of 0.45 mm in a uniform channel 
floor. A larger Froude number was suggested for 
larger sediments. According to Robinson, if 
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sediment concentration exceeds a certain limit, trap 
efficiency will significantly decrease due to 
obstruction of the tubes. He proposed a Froude 
number of 0.8 for channels. Hayward and 
Sutherland (1974) conducted experimental and field 
studies on sediment trap efficiency of vortex tubes 
and found a higher sediment trap efficiency for bed 
loads [7]. According to Sanmuganathan (1976), the 
concentration of sediment-bearing currents has 
slight effects on precipitation of sediments in the 
vortex tube [8]. 

Atkinson (1989) examined the location and 
obstruction of the vortex tube and found that the 
location of vortex tube relative to intake opening 
influences tube obstruction and sediment trap 
efficiency [9]. Atkinson (1994) investigated tube 
angle ( ) and the ratio of slot width to tube diameter 
(t/d) and found that the tangential velocity in the 
tube is maximum 
(t/d) is about 0.3 or less [10]. 

Moazzen and Shafaei Bajestan (2003) 
obtained an optimal angle of 60° with flow 
direction for the vortex tube. Their results showed 
that sediment trap efficiency depends on the Froude 
number so that the trap efficiency first increases 
and then decreases by the increase in the Froude 
number. The maximum trap efficiency was found at 
the Froude number of 0.6 [11]. 

Moradi (2013) investigated the effect of 
vortex tube on sediments entering lateral intakes at 
180° bend. They demonstrated that by increasing 
the vortex tube angle from 60 to 90°, sediment trap 
efficiency increases. In addition, the maximum trap 
efficiency was obtained at the Froude number of 
0.8. The results also showed that trap efficiency 
rises with increasing the ratio of slot width to tube 
diameter. Furthermore, water loss increased 
significantly by increasing the ratio of slot width to 
tube diameter [12]. 

Literature on vortex tube manifests proper 
efficiency of this structure in the removal of 
sediments entering channels. The aim of the present 
study is to boost the sediment trap efficiency of 
vortex tubes. Various methods have been used to 
enhance the vortex (eddy) current. For this purpose, 
a sill was installed in the upstream of the vortex 
tube. The effect of a rectangular barrier on the tube 
was experimentally studied under different 
hydraulic conditions. 

 
 

MATERIALS AND METHODS 

A laboratory flume with a length of 6 m and a 
width of 60 cm was used (Fig 1). Many variables 
affect sediment trap efficiency and water loss of the 
vortex tube. Accordingly, these variables were first 
identified and then the general relationship 
including dimensionless parameters was obtained 

using the Buckingham theorem. The general 
relation is as follows: 

          (1) 

 
where Te is trap efficiency (the ratio of 

sediment discharge of the vortex tube (Qso) to the 
bed sediment in the intake (Qsi)), R is water loss 
(the ratio of the vortex tube discharge (Qvt) to the 
total flow rate in the intake channel (Qi)), v is 
velocity, y is flow depth in the upstream channel of 
the vortex tube, Gs is sediment particle density, g is 
gravitational acceleration, D50 is the average size 
of particles is mass per unit volume of water, d is 
diameter of the vortex tube,  is dynamic viscosity, 
Ls is distance from the slot, Hs is the barrier height, 

(
���

) is the Reynolds number and (v2/gy) is the 

Froude number. 
Experiments should be conducted to find the 

effect of the dimensionless parameters in the 
equation (1) on R and Te. Thus, experiments were 
conducted in a laboratory flume in which the 
mainstream enters the primary tank of the channel 
from an underground tank. The flow passes a 90° 
weir and enters the flume. Net and straw were used 
to slow the inflow. After crossing the flume, the 
flow enters a pond with a 90° triangular weir at the 
end of the flume to measure the flow rate. Fig. 1 
shows the laboratory flume. Fig. 2 shows the 
position of the rectangular barrier on the vortex 
tube. 

 

     
 

FIGURE 1 
The laboratory flume 

 
The flow exiting the vortex tube enters a 41 

cm × 69 cm × 128 cm glassy channel. Sediment 
exiting the vortex tube is precipitated in the glassy 
channel to be measured at the end of the experiment 
by volumetric methods. Certain volume of 
sediments is supplied through sediment injection 
reservoir at a constant injection rate. The depth of 
water upstream of the vortex tube is measured by 
graded scales with an accuracy of less than 1 mm. 
To calculate velocity, the total flow rate is divided 
by the cross section of the upstream of the vortex 
tube. 

In all experiments, the flow rate of the injected 
sediment at the channel inlet was constant. While 
the valve downstream the main flume, intake valve 
and the vortex tube outlet were completely closed, 
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the flow slowly entered the channel to increase the 
water level. Then, the valve downstream the flume 
and that downstream the intake were slowly opened 
and simultaneously the intake discharge was 
adjusted by changing the valves. Then, the vortex 
tube and sediment injection valves were opened and 
the test was started. It is worth mentioning that 
water depth in the main flume was constant in all 
experiments. This situation continued for one hour 
and then sediments were collected and measured. 
Table 1 shows the range of parameters used in this 
study. 

 

 
 

FIGURE 2 
The position of barrier upstream of the vortex  

tube at the bottom of the flume 
 

TABLE 1 
The range of parameters used in this study 

 
Range Parameter 
20% Slot width to tube diameter ratio 
Rectangular  Barrier 
19, 25, 31% Weir height to water depth ratio 
0.5-0.9 Froude number 
0.5 mm Average diameter of sediments  
1D, 2D, 3D Barrier distance from the 

upstream of the vortex tube 
 
 

RESULTS AND DISCUSSION 

At the start of each experiment, a part of 
sediment enters the vortex tube and a part of it 
passes over the tube and moves downstream. 
Sediments entering the vortex tube enter the sub-
channel by rotational currents in the tube. Sediment 
volume after trapping was measured at the end of e 
the experiment (by volumetric methods). Sediment 
volume transferred from the upstream of vortex 
tube was measured during the experiment. The 
percentage of sediment entering the tube was 
calculated. To investigate the relationship between 
different variables in the experiments, the changes 
in parameters are discussed using different charts. 

 
The effect of barrier height on sediment 

trap efficiency at different distances from the 
slot. According to Fig 3, the barrier installed at a 

distance of 5D increased the trap efficiency in all 
height ratios as compared to the control. A 
maximum increase of 8% was observed for a height 
ratio of 31% at the Froude number of 0.66. 
Generally, sediment trap efficiency decreases by 
increasing the Froude number in the presence of a 
barrier. 

 
        

        
        

 
 

 
 

FIGURE 3 
The effect of Froude number and barrier height 
on sediment trap efficiency at different distances 

from the tube upstream 
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FIGURE 4 
The effect of barrier height and distance on 

sediment trap efficiency 
 
When the barrier is installed at a distance of three 
times the tube diameter (3D), the maximum trap 
efficiency is observed at a height ratio of 31% at 
Froude numbers less than 0.6. With the increase in 
the Froude number from 0.6 to 0.7, the maximum 
trap efficiency is observed at a height ratio of 25%. 
At Froude numbers higher than 0.7, a maximum 
trap efficiency of 18.3% is seen at a height ratio of 

19% at the Froude number of 0.75. It is worth 
mentioning that if a flow with a Froude number 
higher than 0.8 passes over a barrier with a height 
ratio of 31%, the volume of sediments entering the 
tube will be lower than the control, leading to a 
negative impact on trap efficiency. 

When the weir is installed at a distance equal 
to the diameter of the tube (1D), maximum trap 
efficiency is seen at a height ratio of 25% at Froude 
numbers less than 0.58. With increasing the Froude 
number, the barrier with a height ratio of 19% 
shows maximum trap efficiency of 18.1% at the 
Froude number of 0.85. It should be pointed out 
that in this case, the height ratio of 25% has a 
negative impact on trap efficiency at Froude 
numbers higher than 0.78, leading to a lower trap 
efficiency than the control. In all Froude numbers, 
the barrier with a height ratio of 31% has a negative 
effect on sediment trap efficiency. 

According to Fig 4, at a height ratio of 19%, 
sediment trap efficiency decreases with increasing 
distance from the slot. At the Froude number of 
0.75, trap efficiency initially increases and then 
decreases with increasing distance from 1D to 3D. 

At a height ratio of 25% and Froude numbers 
higher than 0.6, sediment trap efficiency initially 
increases and then decreases with increasing 
distance from the slot. At Froude numbers less than 
0.6, trap efficiency decreases with increasing 
distance from the slot. 

At a height ratio of 31% and Froude numbers 
higher than 0.7, trap efficiency increases with 
increasing distance from the slot. However, at 
Froude numbers less than 0.7, trap efficiency 
initially increases and then decreases with 
increasing distance from the slot (Ls). 

 
 

CONCLUSIONS 

A barrier with various height ratios was 
installed at different distances from the upstream of 
a vortex tube. According to the results, trap 
efficiency is influenced by the barrier height, 
distance from the slot and Froude number. 
Generally, trap efficiency is influenced by the 
vortex (eddy) current caused by fluid flow over the 
barrier. It is worth mentioning that the vortex 
current increases with increasing the barrier height 
and Froude number. Thus, a stronger vortex current 
is able to transport further sediments into the vortex 
tube. On the other hand, the barrier position has a 
significant impact on the use of vortex current. If 
the barrier is too close to the slot and the vortex 
current is strong, the vortex current will be 
developed after the slot and this even reduces the 
trap efficiency. For example, when the barrier with 
a height ratio of 31% is installed at a distance of 1D 
from the slot, it will have a negative impact on trap 
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efficiency in all Froude numbers. Also, if the 
distance from the slot increases and vortex current 
is too weak, the flow will be lost before reaching 
the slot as in the absence of the barrier (control). At 
a distance of 5D and a height ratio of 19%, trap 
efficiency is almost equal with the control. In this 
case, the barrier does not have any impact on 
sediment trap efficiency. 
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ABSTRACT 

 
ALS inhibitor bensulfuron-methyl was used 

1-3 times during a growth cycle of A. azotica. Then 
it was observed for another week. The results 
showed that cell rates of disintegration and 
etiolation grew. Indeed, cell volume under 
high-dose treatments ( 0.1 mg/L) smaller than 
lower dose treatments ( 0.1 mg/L). 
Bensulfuron-methyl stimulated the growth of A. 
azotica in concentration of 0.00001 mg/L to 0.0001 
mg/L after once application, 0.00001 mg/L after 
twice application, and inhibited the growth of A. 
azotica in all concentrations after three times 
application. Photosynthetic pigments of A. azotica 
in concentration of 0.00001 mg/L to 0.001 mg/L 
were stimulated after the first application at the 
14th day, and all treatments were inhibited after the 
twice and third application of bensulfuron-methyl. 
In a certain time period, the activities of SOD, CAT, 
and POD stimulated with the increase of the using 
frequency of bensulfuron methyl in a certain time 
period. Our findings supported the view that 
bensulfuron-methyl was more harmful to A. azotica 
with the increase of application frequency. The 
results laid a foundation for rational application of 
bensulfuron-methyl. 
 
 
KEYWORDS: 
Anabaena azotica, Bensulfuron-methyl, Cell growth, 

Photosynthetic pigments, Antioxidant System 
 
 
INTRODUCTION 

 
As one of the main body of ALS inhibitor, 

sulfonylurea herbicides have many advantages, such 
as low toxicity to mammals, high efficacy and 
environmental safety [1]. Bensulfuron-methyl is now 
one of top two sulfonylurea herbicides produced in 

China, which is mainly applied in rice field to control 
annual or perennial broad leaved weeds and sedges 
[2]. Many reports indicated that long-term and high 
application frequency of bensulfuron-methyl resulted 
in problems such as drug resistant, pollution of 
aquatic environment [3]. Saeki [4] elucidated that 
bensulfuron-methyl may have little effect on the 
microbial community structure, but can inhibit some 
functions of ecologically important microorganisms. 
Sabater [5] found that bensulfuron-methyl and 
another sulfonylurea herbicide at low environmental 
concentrations still presented to be potential hazard 
to four kinds of aquatic organisms. The above studies 
had shown that the use of bensulfuron-methyl, more 
or less was a potential hazard to the environment, 
especially to the beneficial organisms in the aquatic 
environment. 

Cyanobacteria are rich resources of high quality 
in farmland that had great potential and application 
value on biological nitrogen fixation, carbon 
sequestration and mitigation [6]. After the algae body 
sink into the soil, it can be absorbed by the crop root 
system, and improve soil fertility and structure 
without pollution [7, 8]. So it can provide an efficient 
approach to limit the use of pesticides and fertilizers 
[9]. But given that nitrogen-fixing cyanobacteria 
have similar photosynthetic system and target ALS 
enzyme to those of higher plants, ALS inhibitor must 
be a threat to environment at the same time of control 
weeds, especially to nitrogen-fixing cyanobacteria in 
aquatic environment [10]. Shen [11] had found that 
low-dose monosulfuron application promoted the 
growth of A. azotica, but inhibited photosynthetic 
functions .  

Most of the previous studies have exported the 
toxicity of sulfonylurea herbicides at different 
concentrations to aquatic organisms. However, 
many sulfonylurea herbicides are used more than 
once in practical application. Effect of different 
application frequency of sulfonylurea herbicides on 
A. azotica has not been investigated. Also, no study 
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has used cell morphology method to evaluate the 
toxicity of high application frequency of 
bensulfuron-methyl to A. azotica. The objectives of 
this research are to determine the effect of different 
application frequency and concentrations of 
bensulfuron-methyl on: (1) cell growth via 
determination cell morphology, dry weight and 
growth rate; (2) photosynthetic pigments; and (3) 
the activity of antioxidant system (SOD, CAT, and 
POD). 

 
 
MATERIALS AND METHODS 

 
Axenic cultures were grown in a liquid 

sterilized medium (pH 7.2) as described by Shen et al. 
(2005). at 30 ±2  under constant fluorescent light at 

2/s. The experimental 
cultures were grown in 250 mL flasks containing 100 
mL medium with 5×104 ~1×105 /mL under the same 
conditions.  At the exponential growth phase of the 
algal cultures, added the concentrate to the culture 
medium flasks to result in 0.00001, 0.0001, 0.001, 
0.01, 0.1, 1, 10 and 100 mg/L bensulfuron-methyl in 
the test samples, then added bensulfuron-methyl 
every two days, and the total dosing frequency is 
three times in one growth cycle of A. azotica.  

Taking samples and suspended in 1 mL 
sterilized water and centrifuged at 12,000 g for 1 min. 
The supernatant was discarded and the cells were 
washed twice with 1 mL sterilized water. Then cells 
were suspended in 1mL sterilized water and 10 μL of 
the cell suspension was spotted onto a cover glass. 
Then the cell morphology of A. azotica was 
observed using optical microscope (×400). 

Growth of algae was measured by recording 
light absorbance of the culture medium at 448 nm 
using a spectrophotometer at a time period of 14 days 
after inoculation began. Standard curves relating Abs 

448 with cell numbers were developed for continuous 
cultures of A. azotica. Data used to produce the curve 
was obtained from absorbance measurements. The 

method by 
Shen [11]. 

To determine the dry weight of cells, 
corresponding cultures in triplicate were pelletized, 
and the pellets were washed three times using 
distilled water before drying to constant weight at 
105°C for 8 h.  

Chlorophyll a was extracted with 90% 
methanol in the dark for 2h, and centrifuged at 3000 
g for 3 min; its concentration was estimated from the 
Abs665 nm. The algal biliproteins were extracted by 
repeated freezing and thawing the pellet in the 
presence of 0.05 phosphate buffer (pH=6.7). The 
solution was centrifuged at 3000 g for 15 min, and 
the absorbance at 575 nm for allophycocyanin 
measured. The amount of total carotenoid was 
calculated from the absorbance at 447 nm. The 
percentage inhibition of the photosynthetic pigments 
was calculated using the method by Shen [11]. 

SOD activity was assayed by monitoring the 
inhibition of reduction of nitro blue tetrazolium 
(NBT) [12]. CAT activity was determined by 
measuring the consumption of H2O2 to define one 
unit of energy by measuring the OD value of 
reducing 0.01 per minute at 240 nm. POD activity 
was measured by determining the OD value of 
increase 0.01 per minute at 470 nm.  

 

 
FIGURE 1 

Effect of low-dose treatments of bensulfuron-methyl on cell morphology of A.azotica at the 6th day (×400). (a) 
0.00001 mg/L bensulfuron-methyl; (b) 0.0001 mg/L bensulfuron-methyl; (c) 0.001 mg/L 

bensulfuron-methyl; (d) 0.01 mg/L bensulfuron-methyl. 
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FIGURE 2 

Effect of high-dose treatment on cell morphology of A. azotica after bensulfuron-methyl was used three 
times at the 14th day (×400). (a) 0.1 mg/L bensulfuron-methyl; (b) 1 mg/L bensulfuron-methyl; (c) 10 mg/L 

bensulfuron-mehyl; (d) 100 mg/L bensulfuron-methyl. 
 
A completely randomized design with three 

replications was used in all duplicated experiments. 
The data represent the average of the three trials 
because of a non-significant trial by treatment 
interaction and homogeneity of variance according to 
Bartlett s test. Differences between controls and 
treatments were determined using a one-way analysis 
of variance (ANOVA), with P < 0.05 considered to 
be significant.  
 
 
RESULTS 

 
A.Effect on cell morphology. During the first 

6 days, the numbers of vegetative cells and 
heterocysts of low-dose treatments ( 0.1 mg/L) 
increased, and different application frequencies of 
bensulfuron-methyl had no significant influence on 
cell growth (Fig. 1). At the 6th day, the cells of 
low-dose treatments ( 0.1 mg/L) were not as green 

as the controls, with cell fragments around. Cells had 
reduced in size, presenting translucent.  

The numbers of vegetative cells and heterocysts 
of high-dose treatments ( 0.1 mg/L) were smaller 
than low dose treatments ( 0.1 mg/L) during the 
first 6 days. And the numbers of disintegration and 
etiolation cells of A. azotica gained with the increase 
of application frequency of bensulfuron-methyl. At 
the 14th day, most cells of high-dose treatments (
0.1 mg/L) had been disintegrated , a lot of cell 
fragments surrounded cells that were translucent or 
even transparent. All cells completely collapsed at 
the 14th day in concentration of 100 mg/L after three 
times treatment of bensulfuron-methyl (Fig. 2). 

B.Effect on growth rate The growth rates 
exhibited wave patterns of different magnitudes. 
Low dose treatments ( 0.1 mg/L)  were not 
significantly affected by the application frequency of 
bensulfuron-methyl, up to zero during 14 days (Fig. 
3). In the contrast, the high-dose treatments ( 0.1 
mg/L) markedly inhibited the growth rate of  

FIGURE 3 
Effect of different concentrations of bensulfuron-methy when was used three times on growth rates of A. 

azotica. 
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FIGURE 4 
Effect of different concentration and (a) once application frequency, (b) twice application frequency and (c) 

three times application frequency of bensulfuron-methyl on dry weight of A. azotica. 
 

A. azotica when bensulfuron-methyl was used the 
first time. Furthermore, the growth rates of the high 
dose treatments reached minimum levels when 
bensulfuron-methyl was used the third time, being 
2.171 ×10-3 to -6.217×10-4 (105/ml/d) . 
C.Effect on dry weight. The effect of 
bensulfuron-methyl on dry weight of A. azotica 
under different concentrations and frequency 
treatments appeared in different trends (Fig. 4). The 
results showed that the dry weight of the high-dose 
treatments ( 0.1 mg/L) exhibited significant 
decreased compared with the control group. The dry 
weight of A. azotica in concentration of 0.00001 
mg/L to 0.0001 mg/L presented a steady increasing 

trend versus controls, were 1.40 times (P < 0.05), 
and 1.09 times at the last day, respectively when 
bensulfuron-methyl was once used. Especially, the 
dry weight in concentration of 0.00001 mg/L versus 
controls were 1.12times (P < 0.05) at the last day 
when bensulfuron-methyl was used twice, while 
other treatments were lower compared to the contols 
when bensulfuron-methyl was used twice and three 
times. The dry weights of high-dose treatments (
0.1 mg/L) were respectively reduced by 38.18% to 
58.36% compared to contols, and decreased with the 
increase of application frequency of 
bensulfuron-methyl. 

 
FIGURE 5 

Inhibition rates of different concentration and (a) once application frequency, (b) twice application 
frequency and (c) three times application frequency of bensulfuron-methyl on photosynthetic pigments of 

A. azotica at the 14th day. 
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D.Effect on photosynthetic pigments. The 
effects of different bensulfuron-methyl 
concentrations and application frequencies on the 
inhibition rates of five photosynthetic pigments of A. 
azotica presented similar trends during 14 days (Fig. 
5). Reductions in the five pigments at low-dose 
treatments (0.00001 mg/L to 0.001 mg/L) were -0.3 
to -1.0% when bensulfuron-methyl was once used, 
then rose to 13.61 to 54.62% after the third 
application of bensulfuron-methyl. Photosynthetic 
pigments of the high-dose treatments ( 0.1 mg/L) 
of A. azotica were significantly inhibited and the 
inhibition rates were larger than the low-dose 
treatments ( 0.1 mg/L)  (P < 0.05). Therefore, the 
results showed that the production of the five 
photosynthetic pigments increased at low-dose 
treatment levels (0.00001 to 0.001 mg/L) under low 
application frequency of bensulfuron-methyl, and 
decreased under high application frequency of 
bensulfuron- methyl. 

 
E.Effect on antioxidant system. The 

activities of SOD, CAT, and POD maintained stable 
and kept at a lower level (Fig. 6). At the 6th day, 
after the third application of 
bensulfuron-methyl ,activities of SOD  of 
high-dose treatments ( 0.1 mg/L)  rose in small 
increments of 2.33  to 4.31 , and all treatments 
remained at a high value of more than 150 U/mg 
protein . Then the activities of SOD of all treatments 
went down to a level similar to the control group 
with no significant difference (P < 0.05). Fig.6 (B) 
showed that the activities of CAT presented a 
sharply rising at the 4th day, increased by 2.47  to 
48.60% compared with the second day, then it 
decreased at the 6th day in a range of 2.50  to 
35.6 compared with the 4th day, then all 
treatments reached at a low level after the 8th day. 

Activities of POD of high-dose treatments ( 0.1 
mg/L) peaked at the range of 185.94 to 213.53 U/mg 
protein, to be 4.51to 5.23 times that of the control 
group, with significant difference compared with 
low-dose treatments ( 0.1 mg/L) (P 0.05). 
Activities of  POD of low-dose treatments ( 0.1 
mg/L) peaked at the range of 167.29-177.74 U/mg 
protein, to be 3.83 to 4.12 times that of the control 
group. Then it had the similar trend to the activities 
of SOD and CAT after the 8th day. 
 
 
DISCUSSION 

 
The observation of cell morphology with 

microscope revealed that cell numbers of etiolation 
and disintegration gained with the increase of 
concentration and application frequency of 
bensulfuron-methyl. Hong [13] stated that some 
interaction of chemicals with cyanobacteria altered 
cell morphology and compromise membrane 
integrity, resulting in leakage of cell components. At 
the same time, cells were more vulnerable to the 
outside adverse factors after the integrity of the cells 
destroyed. Shrinkage of Cells might result from the 
outflow of cell components, and yhe yellowing of 
cells might be related to the decrease of 
photosynthetic pigments. In addition, heterocyst was 
the nitrogen-fixing place of A. azotica. The decrease 
of heterocyst number could intuitively present the 
decline of nitrogen-fixing ability A. azotica. 

The effects of different application frequency of 
bensulfuron-methyl on cell growth of A. azotica in 
this study were similar to those reported by Guo [14]. 
Cell growth decreased with increasing 
bensulfuron-methyl concentration. High application 
frequency of bensulfuron-methyl would reduce dry 
weight and growth of A. azotica. Our findings also  

FIGURE 6 
Effect of different concentrations and three times application of bensulfuron-methyl on activities of (a) SOD, 

(b) CAT and (c) POD of A. azotica. 
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matched the Arndt-Schulz law that low-dose 
stimulated, but inhibition gradually accumulated at 
high dose [15, 16]. Blanck [17] reported that the 
sensitivities of different strains and geographical 
races of algae 
exposed to one toxicant could vary as much as 
200-fold. Therefore, choosing effective and safe 
herbicides, and controlling dosage and application 
frequency of herbicide was extremely important for 
the security of the beneficial microbes. 

Our results revealed the fact that high-dose 
treatments ( 0.1 mg/L) and high application 
frequency of bensulfuron-methyl significantly 
inhibited the photosynthetic pigments of A.azotica, 
which was similar to the conclusion that published 
by Shen[11]. The content of photosynthetic pigment 
was associated with the growth of algal cell state. 
Cells grew well and photosynthetic pigments were 
promoted at low dose ( 0.1 mg/L) and once 
application of bensulfuron-methyl. On the contrary, 
photosynthetic pigments were restrained at high 
dose ( 0.1 mg/L) and high application frequency 
of bensulfuron-methyl. Huang [18] demonstrated 
that cyanobacteria could strengthen the capacity of 
photon transferring and trapping in the 
photosynthetic system when exposed to stress as an 
adaptive response, nevertheless, high concentrations 
of luteolin leading to breakdown of the entire 
photosystem. Similarly, high dose and high 
application frequency of bensulfuron-methyl may 
have destroyed the photosynthetic electron transport 
system, resulting in the reduction of photosynthetic 
pigments of A.azotica. 

The results of three antioxidant enzymes (SOD, 
CAT and POD) indicate that control group always 
maintained at lower levels, activities of the 
high-dose treatments ( 0.1 mg/L) being more 
susceptible exposed to different application 
frequency of bensulfuron-methyl , and their 
activities showed at high values at first, then 
continue to fall with the extension of time. Wang [19] 
observed two algal species exhibited a high 
abundance initially then decreased dramatically 
under stress conditions. Tian [20] had a similar 
result that antioxidant enzyme activities (SOD, CAT, 
and POD) of algal (Dunaliella salina) increased 

ultraviolet-B radiation. Our research that A.azotica 
exposed to different application frequency and 
concentration of bensulfuron-methyl was similar to 
their studies. Activities of antioxidant enzymes 
(SOD, CAT and POD) firstly maintained at a high 
level in the reason of protecting cells from a large 

amount of active oxygen and free radical damage. A 
sudden drop after that might indicated that cellular 
structure suffered severe damage, and the ability of 
defense system declined, resulting in damage to the 
antioxidant enzymes. 

 
 

CONCLUSION 

 
High application frequency of 

bensulfuron-methyl affected cell morphology of 
A.azotica, which might have inhibited the growth of 
A.azotica by affecting the cell membrane integrity 
and destroying thylakoid. Furthermore, 
bensulfuron-methyl also affected the production of 
photosynthetic pigments in the antenna complex, 
electronic transfer, leading to the increase of 
etiolation and disintegration of cells, and the 
inhibition of cell growth of A.azotica. With the 
increase of application frequency and concentration 
of bensulfuron-methyl, the number of heterocyst 
decreased, and even all disappeared in the later 
culture time. It generally affected the nitrogen-fixing 
capability of A.azotica due to decrease of heterocyst 
formation and inhibition of nitrogenase activity. 
With the increase of application frequency and 
concentration of bensulfuron-methyl, algal cells 
accumulate a large amount of active oxygen and free 
radical, antioxidant enzyme systems presented the 
higher activity to protect cells from damage. Low 
concentrations ( 0.1 mg/L) of bensulfuron-methyl 
had no significant effect on cell morphology and cell 
growth under once application frequency of 
bensulfuron-methyl. In paddy field, the herbicide 
bensulfuron-methyl is applied at low concentrations 
( 0.1 mg/L), and can be used to control weed in 
cooperation of A.azotica. However, 
bensulfuron-methyl is actually used at least once, 
twice, or three times, and possibly even more times 
in the field. According to our studies, high 
application frequency of bensulfuron-methyl is 
harmful to A.azotica. Therefore, in order to reduce 
the threat to beneficial microorganisms in paddy 
field, such as A.azotica, efficient and rational 
application of bensulfuron-methyl is recommended. 
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ABSTRACT 
 
The wastewater from meat processing industry 

is an important source of organic pollution in natural 
water bodies. In order to enable the identification and 
determination of concentration levels of pollutants the 
adaptation of analytical methods is necessary. During 
the research GC-MS was selected as conventional 
method for screening analyses of organic compounds 
in complex environmental matrix of meat industry 
wastewater. Sample preparation methods have been 
tested, and different solvents have been used during 
extraction to obtain the optimal method for the 
specific wastewater load of lipophilic pollutants from 
meat processing industry. The research is oriented 
onto the adaptation of screening analysis method for 
wastewater of meat industry, presenting the list and 
groups of key pollutants to provide the selection of 
organic pollutant for environmental monitoring plan 
development, prioritisation processes and future 
target analyses. The optimal analytical procedure has 
shown to be liquid liquid extraction with DCM as 
solvent coupled with Kuderna Danish apparatus for 
preconcentration of samples. The detected and 
identified substances during the study, which can be 

substances, 
include industrial chemicals, personal care products, 
fragrances, wood preservatives and antifoaming 
agents. A significant number of detected compounds 
((E)-2-Octenal, (E,E)-2,4-Decadienal, 2-
Methoxyphenol, Dioctyl hexanedioate, 2,6-
Dimetilphenyl isocyanate, 2,6-dimethoksy-4-(2-
propenyl), Etilallylphthalate, 2-methoxy-4-(prop-1-
en-1-yl)phenol, N-Docosanol and other) have one or 
more hazardous characteristics placing them in high-
risk substances which should not be found in 
receiving water bodies. 
 
 
 
 

KEYWORDS: 
Meat processing wastewater, method adaptation, sample 
preparation, solvents, screening analysis, GC-MS analysis. 
 
 
INTRODUCTION 

 
Using a methodology that considers the entire 

chain of process activities, it estimates that meat 
industry is responsible for 18 % of greenhouse gas 
emissions [1]. Slaughterhouse effluent discharge can 
cause the deoxygenation of rivers and the 
contamination of roundwater [2].  

Autonomus Provance of Vojvodina is well 
known agricultural region and a significant meat 
producer of the Republic of Serbia. Thus, the meat 
processing industry is a highly interesting branch of 
industry for wastewater research. The national 
legislation for water (Official Gazette of Republic of 
Serbia no. 30/10) is setting administrative and legal 
requirements for collection and treatment of 
wastewater from industrial process, but it is still not 
fully accepted in practice and there are a significant 
number of meat processing industry subjects that do 
not have any wastewater treatment [3]. The legally 
required wastewater treatment for meat-processing 
industry is a combination of physical, chemical and 
biological processes and operations divided in three 
phases: primary, secondary and tertiary treatment. 
The primary treatment represents equalization of 
waste flows, neutralization, mechanical separation, 
partial removal of suspended solids, fats and oils by 
sedimentation and the standardization of composition 
and flow rate. During the secondary treatment, 
biodegradable organic matter is eliminated in 
biological, resulting in reduction of COD and BOD5. 
The tertiary treatment involves chemical coagulation, 
flocculation, sedimentation and filtration. In addition 
to disinfection, sterilization, advanced oxidation 
processes and activated-carbon adsorption are 
frequently applied. [4, 5, 6] 
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Any of disposal ways for untreated wastewater, 
if it is not the one suggested by legislation, can have 
diverse and negative effects on environment and 
human health. In meat processing, water is used 
primarily for carcass washing after hide removal from 
cattle, calves, and sheep or hair removal from hogs 
and again after evisceration, for cleaning, and 
sanitizing of equipment and facilities, and for cooling 
of mechanical equipment such as compressors and 
pumps. A large quantity of water is used for scalding 
of hogs for hair removal before evisceration [7]. The 
hygiene level that is appointed by standards and 
regulations is extremely high, which is the reason that 
a larger amounts of wastewater accrue extremely high 
level of organic pollutants - containing blood and 
dissolved proteins, fat, straw, and residues of animal 
excrements. If the wastewater cannot be disposed 
and/or treated in time there is a risk of significant 
rising of odour level, overgrowth of bacteria and 
microorganisms, insect and pest attacks, which can 
pose a threat the process system [8, 9, 10, 11]. During 
killing and processing, wastewater production is 
relatively constant and low, compared to the clean-up 
period that follows. In addition, there is an amount of 
wastewater produced on non-processing days. Thus, 
meat processing wastewater flow rates can be highly 
variable, especially on an hourly basis [7]. Blood, not 
collected, solubilised fat, urine, and faeces are the 
primary sources of BOD in meat processing 
wastewaters. For example, blood from beef cattle has 
reported BOD of 156,500 mg/L [7].  

Serbia has more than 3,000 meat-processing 
plants, where only 5% has some purification 
wastewater system and this contamination represents 
particular and hazardous problem for environment. 
Moreover, as a developing country and a candidate to 
become a member of the European Union, Serbia is 
now in the implementation process of the European 
Water Framework Directive, whose major goal is to 

 
rivers, lakes, and water bodies in general [8]. 
Inactivation of potentially pathogenic and bacteria in 
the recycled water to ensure the microbiological 
safety of the meat products is essential for the reuse 
of the recycled water [9]. The disinfection of the 
wastewater from meat-processing is performed trough 
common method of oxidation processes in the 
presence of chlorine [10, 11, 12].  

Organic load of meat wastewater is extremely 
high; accordingly it is necessary to investigate the 
general properties of wastewater and organic load, 
which can directly impact the preparation and 
analyses of meat wastewater sample. The analyses of 
parameters temperature, pH, BOD5, COD, TSS, and 
nutrients (Ptot and Ntot) are significant for solving the 
problems during sample preparation, method 

optimisation and analyses. Meat 
wastewater remains high strength waste, even after 
mechanical treatment, in comparison to municipal 
wastewaters based on basic physic/chemical 
parameters and nutrients [7, 13]. Literature can 
provide an overview of meat processing wastewater 
quality. Blood, soluble fat, urine and faeces are the 
primary sources of BOD5 and COD. The meat 
industry has the potential to generate large quantities 
wastewater with a BOD5 as high as 8,000 mg/L [15]. 
The highest COD strength of any liquid effluent 
derived from slaughterhouses has blood with a COD 
up to 375,000 mg/L [14, 16]. Therefore, the efficacy 
of blood collection is a significant factor in the 
determination of the amount of BOD5 and COD in the 
meat wastewater [15]. Raw wastewater is acidic, with 
the pH range from 5.3 to 5.8. Total COD ranged 
between 1,180 mg O2/L and 2160 mg O2/L, with an 
average value of 1,544 mg O2/L. The corresponding 
values of total BOD fluctuated between 450 mg O2/L 
and 945 mg O2/L with an average value of 646 mg 
O2/L. The average value of TSS was 1,155 mg/L. Oil 
and grease concentrations reached 144 mg/L. 
Reported average value of the volumetric organic 
loading rate (VOLR) can be up to 17.8 kg COD 
total/m3, and the biological organic loading rates 
(BOLR) based on total and filtered COD influents of 
14,381 mg/L and 3,610 mg/L, respectively [17].  

The paper presents the adaptation of sample pre-
treatment, preparation method and analysis of meat 
industry wastewater samples. Sample preparation and 
pre-treatment, as the important factor of 
environmental research activities is submitted to 
adaptation during this research. One of the research 
goals was screening and identification of organic 
compounds and pollutants content in meat industry 
wastewater, with emphasis on hazardous and priority 
pollutants within the Water Frame Directive [18] and 
compounds that are on NORMAN list of emerging 
substances [19]. Only peaks shown higher 
reproducibility were taken into consideration [20].  

The main aim of this research was to develop 
appropriate analytical procedure for analysing meat 
industry wastewater samples in order to obtain data 
for prioritisation process of emerging and priority 
substances and to select compounds for future target 
analyses.  

The adaptation of the analytical method is based 
on multiannual research conducted as a segment of 
the study for national Project no. III 46009 : 
Improvement and development of hygienic and 

technological procedures in the production of animal 
origin food in order to obtain high-quality and safe 
products competitive on the world market, subproject 

at 
processing industry and determination of emerging 
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substances in order to reduce contamination of 
 

 
 

MATERIALS AND METHODS 
 
The research was conducted during the years 

2012/14 with the goal of obtaining the optimal 
analytical method for highly contaminated samples 

rom meat industry. The wastewater 
samples were obtained in 3 different sampling 
campaigns during period from September of 2012 
until October of 2013. The wastewater was collected 
from six different meat industry objects (Figure 1), 
which all have different levels of in-house wastewater 
treatment methods and disposal ways. Wastewater 
treatment possibilities vary from fully operating 
treatment recommended by the national legislation to 
disposal of untreated wastewater directly into the 
compartments of environment (soil or surface natural 
water bodies). Samples were collected into the plastic 
2.5 L bottles, prewashed and sterilised before 
sampling. The samples of wastewater were highly 
turbid with visible solids and grease, in different 
colour ranges, from red to white. During the adaption 
of the analytical method 3 different solvents were 
used  n-
purity) and n-
Aldrich, Germany), to determine the most adequate 
solvent for the selected sample and polarity of most 
compounds in the sample. The liquid liquid extraction 
(LLE) into dichloromethane favours the transport of 
hydrophobic organic compounds from water to an 
extraction solvent. [21] Ideally, an extraction solvent 
should cover a broad range of chemical properties to 
enable extraction of all metabolites in high yields 
with good reproducibility [22], and solvent system 
should not affect the stability of metabolites extracted 
[23]. All the chemicals used were analytical grade 
(pa). 

Methods utilised for treatment and preparation 
of sample before evaporation were different types of 
filtration, rotary evaporation and LLE. Filtration was 
performed on the filter paper 125 mm Ø, 64 g/m2 and 

After filtration, 
the vacuum and active carbon filtrations were 
performed, respectively. The vacuum filtration was 
performed on Sartorius apparatus for vacuum 
filtration with filter paper of 47 mm Ø, and particle 

sample. Rotary evaporation was selected as next 
method of sample preparation. LLE was conducted 
according to laboratory procedure: a 500 mL aliquot 
of water sample was spiked with an internal standard 
(benzophenone) and extracted with three 30 mL 
portions of solvent for 30 minutes using automatic 

shaker device at 700 rpm. Extracts were 
concentrated by Kuderna Danish apparatus. The 
temperature of evaporation was set according to 
boiling point of solvent used during preparation. All 
collected extracts were evaporated to final volume of 
2.0 mL. A 2 μL of the extract was injected into the 
gas chromatography system. The GC-MS screening 
analysis was performed using Agilent 6890 gas 
chromatograph coupled to the Agilent 5973 mass 
spectrometric detector. The GC system was equipped 
with the programmed temperature vaporization (PTV) 
injector, known to be suitable for large volume 
samples, that was raised from 60 °C to 230 °C at the 
rate of 2 °C/min. The capillary GC analysis was done 
on a 30 m x 250 mm I.D., 0.25 mm df DB-FFAP 
column. The oven programme was formed 
accordingly to utilized solvent, from 40 °C to 60 °C, 
with hold time for 10 minutes for solvent delay. 
Helium was used as a carrier gas. The mass selective 
detector (MSD) was used in the scan mode (m/z 45-
600) for all the samples. The identification of 
compounds was done using Wiley7n and NIST08 
mass spectral libraries. Methods used for 
determination of primary physical and chemical 
parameters are EPA 170.1, EPA 150.1, HACH LCK 
114, BODTrakTM Manual, EPA 360.1, HACH LCK 
303, HACH LCK 349, and EPA 160.2. 
 
 
RESULTS AND DISCUSSION 

 
The 8 samples collected from the MI1 to MI6 

meat industry were with different physical properties 
 turbidity, odour, and colour. The pH and 

temperature of the samples at almost all sampling 
points were within the prescribed values. 
Concentration levels of dissolved oxygen in all the 
analysed samples were below the prescribed value 
range, except in the samples after purification of 
waste water. The values of BOD5 and COD are far 
greater than the allowable limit, in the range of 200  
1,500 mg O2/L and 800  1,700 mg O2/L, 
respectively. Nutrients were also detected in expected 
but high concentrations. The concentration of 
ammonia varied from 3.0 to 83.0 mg/L and the 
maximum concentration of total phosphorus reached 
62 mg/L (Ptot). These results obtained during analysis 
of real samples from meat industry confirm the fact 
that wastewater from this branch of industry is highly 
contaminated wastewater with high organic and 
nutrient load.  

For the same sample, different polarity solvents 
have shown different profiles of chromatograms, 
shown in Figure 2. DCM has higher quality 
extraction, with significantly less pick deterioration 
and distortion than pentane. 
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FIGURE 1 
 Sampling locations with groundwater depth profile of research area. 

 
 

Overall around 1125 peaks were detected by 
GC-MS, out of those 313 substances that have shown 
quality match index (QMI) greater than 65 % during 
spectral search using relevant spectral library. 
Maximum numbers of peaks were detected by DCM 
average difference in pick acquisition was 38.34% in 
favour of samples prepared with DCM. Identification 
percentage for both solvents was in the range of 62 to 
67 %, slightly higher in favour of n-pentane. Around 
20 % of obtained pikes are substances that show QMI 
in range 65 % to 50 % during spectral search using 
relevant library. According to the peak shapes and 
peaks of chromatograms it is concluded, that the 
solvent DCM for LLE is the best solution for studied 
sample matrix. The most frequently detected 
compounds were fatty acids, industrial and lubricant 
oils and defoaming agents, phthalates, PAHs, 
terpenes. All identified substances during screening 
analyses are in concentration levels from mg/L to 
ng/L. The identified substances during the segment of 
the study for national Project no. III 46009, that can 

include p-xylene, isocineole, 1,8-cineole, carvone, dl-
limonen, p-cresol and surfynol 104A. Using the 
frequency of allopregnane identification in almost all 
the samples (6 out of 8) as an indicator, suggested the 
bothersome fact of presence of endocrine disruption 
substances. A significant number of detected 
compounds have one or more hazardous 
characteristics including them in high-risk substances 
which should not be present in natural water bodies  
phenolic compounds, -2-Octenal, (E)-, (E,E)-2,4-
Decadienal, 2-Methoxyphenol, Dioctyladipate, 2,6-
Dimetilphenyl isocyanate, 2,6-dimethoksy-4-(2-
propenyl)-, Etilallylftalat, 2-methoxy-4-(prop-1-en-1-
yl)phenol, N-docosanol). All indentified substances 
are shown in Figure 3. 

During preparation and analysis of meat 
wastewater using GC-MS, there have been significant 
obstacles. The fatty acids and alcohols, industrial 
lubricant oils and defoaming agents, which could be 
expected in studied samples, cause a significant 
problem during sample preparation and analysis. 
After a notable number of trial and error processes, 
the optimal analytical procedure was developed and 
used for the analysis of three samples from first 
sampling campaign. During LLE adaptation of 
extraction solvent system was conducted in first 
sampling campaign. The LLE was the only method of 
preparation for this sample matrix that was fully 
successful. The gravity and vacuum filtration showed 
as inefficient, as 50 mL of sample was filtered for 
approximately an hour. Rotary evaporation showed 
even more inefficient than filtration, as the process 

 The 
solvents of different polarity were used to determine 
the optimal procedure for meat industry sample 
matrix. Solvents used were n-pentane, DCM and n-
methanol, due to their different polar properties, but 
similar boiling points or dipolar moment. According 
to real time operation, n-pentane has shown to be the 

the average of 60 minutes needed for concentration of 
extract, but the difference of half an hour between n-
pentane and DCM is acceptable in correspondence 
with the higher quality of peaks obtained during 
analyses of samples prepared with dichloromethane. 
Methanol showed problems during evaporation, as it 
has the highest boiling point (65°C). The evaporation 
procedure with this solvent lasted for 4-6 h depending 
on a room temperature, and it was disregarded as an 
optimal solvent for selected sample.  

On the basis of screening analyses of key 
pollutants adapted method was developed on 
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wastewater samples from small and medium meat 
industry plants located in Autonomous Province of 
Vojvodina. 

 
 

CONCLUSIONS 
 
During the adaptation of screening analyses 

method the conclusion emerged that the contaminants 
dirty samples  from meat industry 

wastewater interfere with subtle preparation 
techniques for analytical chromatographic 
determination. It is necessary to prepare the sample 
for GC-MS with the lowest possible loss of analytes 
and high extraction efficiency. The LLE is confirmed 
to be the optimal preparation technique for selected 
type of sample, and can be complited in optimal time 
range, from 2-3 hours. The most suitable solvent for 
high organic content wastewater sample from meat 
industry is DCM, considering the physicochemical 
characteristics (boiling point, polarity and extraction 
efficiency) and lipophilic characteristics of analytes. 
In the case of DCM the peaks of chromatograms 
developed were cleaner, more regular, and better 
separated.  

As AP Vojvodina is the most agriculturally 
developed region in Serbia, with vast number of small 
and medium meat industry plants, it is extreamly 
important to regard obtained results for further 
research and development of active monitoring plan 
of specific industry wastewater.   

The identified substances that can be found on 
-

xylene, isocineole, 1,8-cineole, carvone, dl-limonen, 
p-cresol and surfynol 104A. Using the frequency of 
allopregnane identification in almost all the samples 
(6 out of 8) as an indicator, suggested the alarming 
fact of presence of endocrine disruption substances. A 
significant number of detected compounds have one 
or more hazardous characteristics including them in 
high-risk substances which should not be present in 
natural water bodies  phenolic compounds, -2-
Octenal, (E)-, (E,E)-2,4-Decadienal, 2-
Methoxyphenol, Dioctyladipate, 2,6-Dimetilphenyl 
isocyanate, 2,6-dimethoksy-4-(2-propenyl)-, 
Etilallylftalat, 2-methoxy-4-(prop-1-en-1-yl)phenol, 
N-docosanol). 

On the basis of screening analyses of key 
pollutants adapted method was developed on 
wastewater samples from small and medium meat 
industry plants located in Autonomous Province of 
Vojvodina. This type of research was been conducted 
for the first time in Vojvodina region.  
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ABSTRACT 

 
The concentrations of polybrominated 

diphenylethers (PBDEs) in four seafishes were 
investigated and ranged from 646.8 to 2360.4 pg g-1 
ww. Among the these seafishes, the highest 
concentration of PBDEs were yellow croaker, the 
lowest was the turbot. BDE-47 and BDE-99 were 
dominant in the PBDE congeners. The evalution of 
these seafishes exposure risk were in the low levels. 
 
 
KEYWORDS: 
Concentration levels; PBDEs; Congener; Distribution; 

Seafishes 

 
 
INTRODUCTION 

 
In the past Polybrominated diphenylethers 

(PBDEs) was one of extensively used brominated 
flame retardants (BFRs) in some chemical and 
electrical production fields [1, 2] in China. It has 
drawn more and more attention due to their similar 
physicochemical properties and biotoxicity 
compared to dioxins[3, 4]. Recently, PBDEs were 
successively determined in the air, water, sediment 
and soil. People were exposed to them via 
inhalation, ingestion, and dermal contact. The 
ingestion was one of the important ways for the 
origins of PBDEs in our body[5]. Therefore, studies 
of the concentration levels and profiles of PBDEs in 
the food consumption were necessary and 
significant to control these risks put on the human 
beings. 

The water was one of the most media through 
which the PBDEs could be transported and 
exchanged by air in the global scale. The 
sea-products were the main exposure media for the 

people health. Seafish was one of high nutritious 
food, always work as one common food 
consumption. The related studies of PBDEs in fish 
were extensively carried out in many groups[6-9]. 
The concentration levels and profiles were different 
in different fishes, which might caused by the 
differences in food sources and metabolism [10, 11]. 
Additionally, the concentration and profiles of the 
PBDEs could also indicate the PBDEs 
concentration levels in local area.  

The fishery in the pearl river bay was highly 
developped in the past two decades. Recently, with 
the development of economy, the emission of 
organic pollutant into sea were increasing. The 
investigation of concentaration levels of seafish 
could help us improve our understanding of the 

health, and could improve our ability to control 
such risks. In this work, the concentration levels 
and profiles of several common seafishes were 
investigated. The estimated daily intakes (EDI) of 
these seafishes were also carried out for the 

 
 
Experimental Section. Sample collection. 

Four seafish species were purchased from fishman 
in Guangzhou nearby the Zhujiang River. Samples 
were wrapped in polyethylene bags and stored with 
ice during the delivery to the laboratory. These 
samples were dissected, meats (wiped off skin) and 
gut tissues were portioned separately. All samples 
were freezed and homogenized using a food blender, 
wrapped in polyethylene bags and stored at -20 °C 
until the analysis. 

   
Analysis. The extraction method for fish was 

carried out on the basis of the method EPA 1614 
Approximately 10 g of fish fillet sample was 

then mixed thoroughly with 5 g of diatomite. 
Before clean-up, each sample was spiked with 13C12 
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PBDEs clean-up standard (MBDE-MXFS, 
Weillington Laboratories Guelph Canada). The 
sample was extracted with hexane and 
dichloromethane using an accelerated solvent 
extractor (ASE) (Dionex, USA) at 120°C extracting 
8 minutes and cycling 2 times. The extracts were 
pretreated with the 20 g acidic silica gel to remove 
the lipid. The liquid of the residues was purified on 
an acidic silica gel column and multi-layer silica 
column. The PBDEs were fractionated with 80 mL 
95% n-hexane in dichloromethane on a actived 
column. The fractions were evaporated to dryness 

extracts were spiked with 13C12-labeled injection 
standards of PBDEs (MBDE-MXFR, Weillington 
Laboratories Guelph Canada) as appropriate for 
quantification and subsequently injected into a 
high-resolution gas chromatograph and 
high-resolution mass spectrometer (HRGC/HRMS) 
for analysis.  

 

FIGURE 1 
Concentrations of the PBDEs in different 

seafishes. 
 
An Agilent 6890 high-resolution gas 

chromatograph (Agilent Technologies, Santa Clara, 
CA, USA) coupled to an Autospec Ultima 
high-resolution mass spectrometer (Waters, Milford, 
MA, USA) were used to determine the PCDD/Fs in 
the extracts. The gas chromatograph was fitted with 
a DB-5 ms column (30 m long, 0.25 mm i.d., 0.1 
μm film thickness; Agilent Technologies). The mass 
spectrometer was operated in multiple ion detection 
(MID) mode at a resolution >10,000. Helium 
served as the carrier gas with a constant flow of 1.0 
mL min-1. The election emission energy was set at 
45 eV, and the source temperature was 260 °C, 
transmission line was 280 °C. The GC oven 
temperature was set as follows: start 100 °C, held 
for 2 min, 100 210 °C at 15 °C min-1, 210 270 °C 
at 5°C min-1, 270 330 °C at 10 °C min-1 held for 10 
min. The monitored traces of PBDE congeners 

were given in the EPA-1614 Method and other 
previous report [12, 13] . 

 
Quality Assurance and Quality Control. 

The field blank and laboratory blank were analyzed. 
The signal/noise ratio >3 was used to calculate the 
limits of detection (LOD) in this study. No 
differences were found between the field blank and 
laboratory blank in PBDE concentrations. The 
PBDE recoveries were 39 106%. 
 
 
RESULTS AND DISCUSSION  

 
The concentrations of the different seafishes 

were presented in the Fig.1. The concentrarions of 
the PBDEs ranged from 646.8 to 2360.4 pg g-1 ww. 
Among these fishes, the concentration of yellow 
croaker was obviously higher than other seafishes, 
which might be caused by the different 
bio-enrichment mechanism. As previously 
described, BDE-47 was the common congener in 
the environment, which could indicate the 
concentration level of the local PBDEs. The 
BDE-47 concentrations ranged from 112.0 to 615.8 
pg g-1 ww, which were still in the relatively low 
levels compared to other countries and areas.  

As presented in the Fig.2, we have furhter 
studied the PBDE congener distribution of seafishes. 
The congener distribtionof PBDEs were similar 
among sierra, turbot and yellow croaker. The 
BDE-47 and BDE-99 were the dominant congeners, 
ranged from 60.0% to 70.1%, which was similar to 
the previous report. [7] For mullte, the BDE-47, 
BDE-66 and BDE-99 were the dominant congeners, 
which were up to 17.3%, 29.8% and 27.3%, 
respectively. Addiionally, the BDE-183 fraction 
were low, 1.8 6.2%,  

 
 FIGURE 2 

The distrition profiles of PBDEs in seafishes. 
 
which might due to the debromination effect and its 
higher octanol-water coefficients (Kow)[10, 11]. The  



© by PSP  Volume 25  No. 11/2016, pages 5014-5017   Fresenius Environmental Bulletin  

5016 
 

 

TABLE 1 
Estimated daily intake of PBDEs (pg kg 1 ww) 

sierra turbot yellow croaker mullet 

total PBDEs 

pg g-1 ww 
962.5 534.1 2360.4 646.8 

EDI 

pg kg-1 ww 
802.1 445.1 1967.0 539.0 

 
fraction of BDE-99/BDE-100 could well indicate 
their metabolism capacity.[14] The fraction of 
BDE-99/BDE-100 in yellow croaker and mullet, 
were both similar to distribution fraction of 
Bromkal 70-5DE [15, 16], which might be supply a 
possiblity of  
PeBDEs were the mian dominant homologs in the 
investigated area. The higher fraction in seirra and 
the lower in turbot which showed the different 
metabolism ability. The fraction of 
BDE-47/BDE-99 were obviously higher than others, 
which indicated that the turbot have good ability of 
metabolism for BDE-99 ability[17]. In summary, the 
fishes with higher metabolic capability usally has 
lower concentrations of PBDEs whereas the 
opposite was ture.  

In addition, we have carried out measures to 
studied the EDI of PBDEs via seasfish consumption. 
The EDI was presented in the Table 1. The EDI of 
the four fishes were 539.0 1967.0 pg kg-1 ww, 
which below the levels of the PBDEs in American 
fish food [18]. 

The EDI was calculated by following the 
formula: 

EDI= C×CR/BW 
C was the concentration of PBDEs, the CR 

was the weight of the ingestion, BW was the used 
60 Kg in average. 
 
 
CONCLUSIONS 

 
The concentrations of four seafishes were 

different, but BDE-47 and BDE-99 were both in the 
PBDEs profile distribution. The fishes with higher 
metabolic capability usally has lower 
concentrations of PBDEs whereas the opposite was 
ture.The above four fish consumption risks were 
still in the low level. 
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ABSTRACT 
 

The study is about the removal of herbicide 
Trifluralin as COD parameter and monitoring the 
population dynamic of isolated cultures. These 
cultures were isolated from soil samples taken from 
these areas for their identifications before the use of 
herbicide. Removal of Trifluralin was determined 
by microbiological degradation with these produced 
bacteria and fungi in liquid media. With these 
growing bacteria and fungi, removal rate by 
bioremediation method studies were carried out. In 
addition to biodegradation mechanism, with the 
measurements of the turbidity; the colony number 
of microorganisms is monitored with isolated 
bacteria and fungi species. The removal efficiency 
for Bacillus simplex was 95% and Clostridium 
tetani species was 86%, by the fungi Penicillium 
simplicissimum, and Metacordcyceps 
chlamydosporia species, were 59% and 80% 
respectively in five days. Bioremediation study 
results have shown differences with respect to 
species in liquid media. Degradation time of these 
herbicides in liquid culture media with isolated 
cultures varied between 5 min. and 135 min.  
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INTRODUCTION 
 

Natural microorganisms displays the potential 
for contaminant remediation at polluted areas, 
factors such as lack of electron acceptors, donors, 
etc. Decreasing of phosphorus and nitrogen 
availability, or stimulation of the metabolic 
pathways responsible for biodegradation can inhibit 
the remediation. In these cases, accumulation of 
nutrients can enhance the biodegradation of the 
toxic materials [1]. Research efforts have been 
devoted to develop new, low-cost, low-technology, 
eco-friendly treatments capable of reducing and 
eliminating pollution in the ecosystem [2]. It has 
been suggested that the addition of carbon in the 

form of pyruvate stimulates the microbial growth 
and enhances the rate of degradation [3]. 
Mushroom compost and spent mushroom compost 
(SMC) are also applied in treating organo-pollutant 
contaminated sites [4]. It is observed that utilization 
of organic waste in the bioremediation of soil seems 
a highly potential area. This will reduce the amount 
of organic waste sent to landfill, thus reduce the 
emission of landfill gases and also provide a cheap 
source of organic additive for the remediation 
purpose. Organochlorine pesticides possess halogen 
electron withdrawing groups that generate electron 
deficiency in the molecule, which thus resists 
aerobic degradation [5]. 
        Accelerated microbial degradation is the name 
commonly given to the phenomenon associated 
with a significant increase in the rate of degradation 
of a pesticide in soil following a previous 
application of the same pesticide and also to the 
closely related phenomenon involving an 
unexpectedly rapid degradation of a pesticide 
following a previous application of another 
pesticide, usually of similar chemical structure [6]. 

Biodegradation of pesticides is a ubiquitous 
process. In a wide range of habitats, including soils, 
sediments, surface and ground water, sewage 
sludge, etc. The ubiquity of pesticide degradation 
suggests that bioremediation strategies can play an 
important role in the treatment of pesticides. The 
microbial degradation of pesticides offers a 
promising strategy by which toxic chemicals may 
safely to untoxic chemicals. For that reason there is 
a need to isolate and identify the microorganisms 
that subsist interact in contaminated fields [7]. 

One of the the principle mechanism which 
prevents the accumulation of these chemicals in the 
environment is microbial degradation. But, when 
pesticide degradation is too rapidly, pest control 
may be less effective. One way to increase the rate 
of microbial degradation of pesticides in soil is one 
or more previous applications of the same type of 
pesticide with a similar chemical structure. This 
phenomenon is known as accelerated or enhanced 
degradation and can result in economic losses to 
farmers [8]. 

Bioremediation mediated by fungi and other 
organisms is considered to be a more 
environmentally approach for the detoxification of 
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persistent organic substances in comparison with 
traditional chemical and physical methods, and 
there are several efficient potential biotechnological 
applications, e.g. organic pollutant biodegradation 
[9]. 

Pesticides are applied extensively annually in 
modern agriculture to increase the production by 
controlling the harmful effects caused by the target 
organisms including insects, fungi, bacteria, viruses 
as well as grasses grown in between the economical 
crops [10]. Chlorinated pesticides, such as DDT 
and HCH isomers, constitute a large part of 
obsolete pesticides stockpiled in many countries of 
Africa, Asia and the former communist block in 
Europe [11]. 

-trifluoro-2,6-dinitro-N,N-
dipropyl-p-toluidine) is the most frequently used 
herbicide in the cultivation of sunflower in Turkey. 
Trifluralin has been used in the country particularly 
since 1970s [12]. 

Many members of different groups of soil 
microorganisms (Bacteria, Fungi, Actinomycetes 
and Algae) isolated from the soil are capable to 
degrade pesticides [13]. The goal of this work was 
to monitoring the removal of Trifluralin with 
isolated soil cultures as COD parameter day by day 
and investigate the colony number related with 
Trifluralin and non Trifluralin media in time.  

 
 
 
 
 
 

MATERIALS AND METHODS 
 
Chemicals. The Trifluralin herbicide active 

was supplied by an agricultural products shop. The 
physical and chemical properties of Trifluralin is 
given in Table 1. pH of Tefralin was 6.5 and 
temperature vas 250C. This herbicide contains 480 
gr l-1 of Trifluralin. All media for the isolation and 
enrichment of bacteria and fungi were obtained 
from Sigma Aldrich.  

 
Media Preparation. Malt Extract Agar 

(MEA), Plate Count Agar (PCA), Dextrose Casein 
Peptone Agar, Dichloran Rose Bengal Chlorinated 
Agar, , Potato Dextrose Agar Sabouraud Dextrose 
Agar, Sabouraud dextrose broth and Malt Extract 
media were autoclaved at 1210C for 15 min to 
ensure a sterilized solution. After cooling, diluted 
agricultural soil (with no background of Trifluralin) 
in an isotonic solution was added to petri dishes. 
The medium pH was adjusted to 6.5 and 
temperature was 200C.  

 
Isolation and Enrichment of Bacteria and 

Fungi. Bacteria and fungi species were isolated 
from the soil samples using serial dilution on 
different media plates. Bacteria incubation took 
about three days, while fungi took about one week 
at 200C. After growing, the plates were screened for 
any colonies that were visually different from the 
others. After incubation, the cultures were placed 
carefully in an enrichment media for seven 

TABLE 1 
Physical and Chemical Properties of Trifluralin 

 
Properties Unit Value Reference 
Molecular formula - C13H16F3N3O4 

[14] 
 

Molecular structure - 

 
Molecular mass g/mol 335.28 
Visual at standard temperature and 
pressure 

- bright yellow crystalize solid 

Vapor pressure Pa 

9.5 x 10-3 
Pa 25°C (100% Pure.) 
6.1 x 10-3 
Pa 25°C (96.8% saf.) 

Water solubility g/l 
1,94 x 10-4 (fenderless 100% 
pure) 
pH 7: 2,21 * 10-4 

Melting point 0C 43.0-47.5 0C 
Boiling point 0C Decomposable 
Log Kow - 5.27, 20 °C (100% pure) 

onstant Pa m3/mol 
19 x 10-3 (calculated) 
4.12 x 10-3 
(meas. 20°C) 
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days to grow with the same temperature of taken 
soil samples before application of Trifluraline at 
200C, and were shaken continuously. 

 
Fungi-Bacteria Molecular Characterization 

Studies. Molecular characterization studies were 
implemented according to the Wizard Genomic 

Genomic DNA from Gram Positive and Gram 
ods used [15]. 

 
Fungi Studies. The fungi marked on the petri 

dishes were shown in PDA petri dishes by streak 
plate to ensure the reproduction from sport fungi. 
The fungi that were grown at room temperature and 
from a single colony isolation were transferred to 
other PDA petri dishes and were kept at room 
temperature until they reached the appropriate size 
for DNA isolation. Growing fungi were scratched 
using a sterile blade and crushed with liquid 
nitrogen in sterile conditions, after which, DNA 
was isolated from the powder hypes.  

An ordinary Taq polymerase was conducted 
for PCR using many combinations of ITS (Internal 
transcribed spacer) region primers, which are often 
used in the definition of DNA. The PCR conditions 
were: Final concentrations (total 25 μl reaction 
volumes): 1X Taq polymerase buffer / 1.5 mM 
MgCl2 / 0.4 μM forward primer / 0.4 μM reverse 
primer / 0.5 mM dNTP / 1U Taq polymerase 
(Metacordyceps chlamydosporia) or 1.25 U Taq 
polymerase (penicillium simplicissimum) and 
200ng DNA.  

Heat cycle conditions: 1 cycle: 940C -3 min / 
35 cycles: 940C - 15 s, 550C - 30 s, 720C - 30 s / 1 
cycle: 720C 1 - 5 min. 

In PCR, the expected length of bands were 
obtained only for (Metacordyceps chlamydosporia) 
For the other fungi, (Penicillium simplicissimum), 
One-Taq polymerase was used. These tapes, which 
were cut from the agarose gel and cleaned (in the 
case of multiple bands) or as single band, PCR 
reaction were sent directly to the sequence analysis. 
A Thermo-Scientific GeneJET Gel Extraction Kit 
was used in the cleaning of the bands cut from the 
agarose gel. In cases of a sequence reaction on the 
bands (cut from the agarose gel) not performing 
well, re-amplification was made (by One Taq 
polymerase) 

 
Bacterial Studies. Phire Hot Start II DNA 

Polymerase was used for PCR, given that it allows 
making no DNA isolation. Then, longer PCR bands 
of various lengths (1000 3000 bp) were obtained 
through bacterial 16S ribosomal general primers. 
The pipette instructions and cycling protocols were:  

For final concentrations: (total 20μl reaction 
volume); 1X Phire Animal Tissue PCR Buffer 
(includes dNTPs and MgCl2) / 0.5μM forward 

primer / 0.5μM reverse primer / Phire Hot 
Start II DNA polimeraz and H2O.  

Heat cycle conditions: 1 cycle: 98oC  5 min / 
40 cycles: 98oC  5 s, 72oC  20 s / 1 cycle 72oC  
4 min/4oC-  

Bacteria were identified using 16sRNA 
-

AGAGTTTGATCCTGGCTCAG- cherichia 
coli positions 8 27) [16]. 16S rRNA universal 

-AGAGTTTGATCCTGGCTCAG-
 positions 8 27) [16] 1492R 5' 

TACGGYTACCTTGTTACGACTT 3' positions 
1492 1512) [17, 18].  

 
Microbial Biodegradation Studies. In order 

to assess the degradation ratio of the pesticide from 
the fungi and bacteria, 4 different aerobic consortia 
(1 ml each of them) were developed through the 
enrichment technique.  

In the liquid media study, 1 ml of tefralin 480 
(including 0,48gr of Trifluralin active ingredient) 
and 1 ml of enriched cultures (approximately 2 x 
107 microorganism/1ml) were added to 98 ml of 0.8 
% isotonic saline water. The Trifluralin was 
prepared from tefralin (trade name of the herbicide) 
in the same concentration as used in the field (200 
ml/1000 m2). The growing media used in the 
experiments were the previously isolated and the 
enriched bacteria and fungi species, with 1 ml of 
the solutions obtained from the separately enriched 
solution (only fungus or bacterium) used in the 
experiments.  

In this phase, solution samples were 
monitored at 24-hour intervals on the basis of the 
chemical oxygen demand (COD) parameter with 
the standard method 5220C Closed reflux 
titrimetric method [19]. According to this method, 
1.5 ml of standard potassium dichromate digestion 
solution (K2Cr2O7) and 3.5 ml of 0.0176M Ag2SO4 
solution were added to sample of 2.5 ml volume. 
After that, these samples heated at Velp WTW 
CR3200 thermoreactor for 2 hours at 1500C. After 
cooling, samples were taken to flasks and 2-3 drops 
of Ferroin indicator (FeSO4.7H2O) added to 
samples. Then, samples were titrated with 0.25M 
standard ferrous ammonium sulfate (FAS) titrant 
and COD results were calculated.   

 
The Monitoring of Microbial Activity in 

Trifluralin Media Through Turbidity and 
Population Increase. Studies have been carried out 
to identify the starting time of the turbidity, the 
population increases in bacteria and fungi, and the 
removal in Trifluralin medium [20]. Eight different 
culture media, for each microbial culture media 
along with the blank media, were prepared so that 
the total volume would be 100 ml. Each medium 
prepared included 98 ml of sterile isotonic water, 

Trifluralin) added to this, and 1 ml of microbial  
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TABLE 2 

Primers, sequence and references used to identify the fungi 
 

Fungi Code and 
Approximate 

species identity 

-  
and reference 

-  
and reference 

 
Penicillium 

simplicissimum 

ITS6 
GAAGGTGAAGTCGTAACAAGG 

[21] 

ITS 
ATCCCTACCTGATCCGAGGTC 

[22] 

Metacordyceps 
chlamydosporia 

ITS 
GAGACCGCCACTGTATTTCG 

[22] 

ITS 
GCATCGATGAAGAACGCAGC 

[23] 
 

TABLE 3 
Identified bacterial codes and their species 

 

Accession Number 
Bacterial Code and Approximate 
Species Identity 

Identity Reference 

KF831394.1 Bacillus simplex  99% [24] 
HG530135.1 Clostridium tetani  99% [25] 

 
culture obtained from the enrichment culture 
medium at the end of the 7th day. There was no 
Trifluralin in the culture media prepared as blank 
media.  In order to carry out the experimental study 
under aerobic conditions, the lids of the sterile 
bottles were closed in a way that could provide 
oxygen transfer from the air.  The bottles with the 
culture media were grouped, and placed in a 
Gallenkamp Orbital Shaker Incubator calibrated at 
200C. The ranges of samples taken from the culture 
media shaken in the incubator from the starting 
time were changed at a minimum of every five 
minutes (in blank, bacteria, and fungi media), and 
at a maximum of 10-40 minutes. The serial dilution 
method (10-7,10-8,10-9) was used together with the 
turbidity measurements of the samples taken from 
Trifluralin media at 650 nm (Photolab 6600 UV-
VIS Spectrophotometer), and inoculations were 
carried out in a way that would form a standard 
colony (using PCA for bacteria, and MEA for 
fungi).  The inoculated petri dishes were placed in 
an incubator calibrated at 200C. The incubation 
time for the bacteria in media without Trifluralin 
and in Trifluralin media lasted one and three days, 
respectively, while it lasted seven and ten days for 
fungi in the media without Trifluralin and in 
Trifluralin media, respectively.   
 
 
RESULTS AND DISCUSSION 

 
Identification of Fungi and Bacteria 

Species. The species of fungi obtained according to 
the results of primers, sequence and references used 
to identify the fungi are given in Table II. The 
identified bacterial codes and their species are 
given in Table 3.Bioremediation Results. It was 

observed that the COD-removal efficiency of the 
systems varied according to the microbial 
differences in the liquid medium. The removal 
efficiency by the bacteria, separately, for Bacillus 
simplex was 95% and Clostridium tetani species 
was 86% (Figure 1). The removal efficiency by the 
fungi, separately for Penicillium simplicissimum, 
and Metacordcyceps chlamydosporia species, were 
59% and 80% respectively in five days (Figure 2). 
Biodegradation of herbicides are influenced greatly 
by many spatial properties (such as moisture, 
temperature, pH, organic content, retention volume, 
density, nutrient supply, oxygen availability, etc., in 
addition to microbial population and pesticide 
solubility). Previous investigations into the 
microbial degradation of Trifluralin have revealed 
that relatively few species of bacteria are actually 
able to degrade this compound, although the 
degradation of Trifluralin by isolated 
microorganisms Aspergillus carneus, Fusarium 
oxysporum and Trichoderma viride was one of the 
first studies in this regard [26]. In another study, 
bacteria species were isolated from agricultural soil 
contaminated with Trifluralin to decompose the 
herbicide in a liquid medium [4]. The chemical 
degradation of Trifluralin results in a dealkylation 
of the amino group, a reduction from the nitro to 
the amino group, partial oxidation from the 
trifluoromethyl to the carboxyl group and, 
subsequently, degradation into smaller parts. It is 
clear that all of these factors are influential in the 
results of experimental soil studies. 

In media with Trifluralin, results of COD by 
M. chlamydosporia and P. Simplicissimum is given 
in Figure 1, results by Basillus simplex and 
Clostridium tetani is given in Figure 2.  



© by PSP  Volume 25  No. 11/2016, pages 5018-5026  Fresenius Environmental Bulletin  

5022 

 
FIGURE 1 

Removal Rate of Trifluralin by Basillus simplex and Clostridium tetani 
 

 
FIGURE 2 

Removal Rate of Trifluralin by M. chlamydosporia and P. simplicissimum 
 
The Experimental Results of the 

Monitoring of Microbial Activity in Trifluralin 
Media Through Turbidity and Population 
Increase. The results of the experimental study 
carried out with the species of bacteria and fungi in 
Trifluralin media and media without Trifluralin are 
given in Table 4.  

The graphics created according to these 
results, and are related to Bacillus simplex, 
Clostridium tetani, Metacordyceps chlamydosporia 
and Penicillium simplicissimum are shown in 
Figures 3, 4, 5, and 6, respectively. 
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TABLE 4 
The Results of monitoring the increase in the numbers of individuals of bacteria and fungi in Trifluralin 

media and media without Trifluralin through the measurement of turbidity 
 

Microorganism Type Media with Trifluralin Media without Trifluralin 
 
 
 
 

Bacillus simplex 

Time 
(min) 

Turbidity 
(NTU) 

Colony 
number   

(x109ml-1) 

Time 
(min) 

Turbidity 
(NTU) 

Colony 
number       

(x 109ml-1) 
0 0,016 0,09 0 0,002 0,02 

135 0,027 0,14 5 0,015 0,07 
150 0,042 0,27 10 0,061 0,19 
165 0,094 0,49 15 0,133 0,54 
180 1,253 0,83 20 0,371 0,61 
195 1,461 2,16 25 0,407 0,77 

 
 
 

Clostridium tetani 

0 0,001 0,04 0 0,001 0,03 
75 0,001 0,05 5 0,001 0,05 
80 0,005 0,13 10 0,004 0,13 
85 0,012 0,21 15 0,009 0,21 
90 0,028 1,2 20 0,043 0,39 
95 0,036 1,89 25 0,119 0,92 

100 0,065 2,21    
 
 
 

Metacordyceps 
chlamydosporia 

0 0,001 0,01 0 0,003 0,01 
30 0,001 0,02 10 0,004 0,02 
40 0,003 0,03 15 0,009 0,03 
45 0,005 0,05 30 0,015 0,04 
50 0,014 0,07 40 0,022 0,05 
55 0,037 0,15 45 0,028 0,06 
- - - 50 0,039 0,08 

 
 
 

Penicillium 
simplicissimum 

0 0,002 0,01 0 0,004 0,01 
15 0,003 0,02 15 0,006 0,03 
30 0,009 0,03 30 0,018 0,04 
45 0,014 0,04 45 0,039 0,05 
55 0,017 0,11 55 0,046 0,09 
60 0,029 0,15 60 0,077 0,14 

 
FIGURE 3 

The change of the number of individuals of Bacillus simplex in Trifluralin media and media without 
Trifluralin through the measurement of turbidity 
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FIGURE 4 

The change of the number of individuals of Closridium tetani in Trifluralin media and media without 
Trifluralin through the measurement of turbidity 

 
FIGURE 5 

The change of the number of individuals of Metacordyceps chlamydosporia in Trifluralin media and media 
without Trifluralin through the measurement of turbidity 

 
FIGURE 6 

The change of the number of individuals of Penicilllium simplicissimum in Trifluralin media and media 
without Trifluralin through the measurement of turbidity 
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CONCLUSION 
 

The studies were carried out using a medium 
inoculated with fungi in a liquid medium, and to 
which Trifluralin was added, have been monitored 
using COD analysis. In the study it was observed 
that the removal rates of Metacordyceps 
chlamydosporia and Penicillium simplicissimum 
were 80% and 59%, respectively, in terms of the 
COD parameter. According to these results, it was 
observed that Metacordyceps chlamydosporia has 
the highest removal rate in terms of this parameter. 
According to this rate, COD calculated as 
17400mg/l was reduced to 3480 mg/l by 
Metacordyceps chlamydosporia by the end of the 
5th day. During the decomposition that had the 
lowest rate, the COD was reduced from 17400 mg/l 
to 7130 mg/l by Penicillum simplicissimum. 

By the end of the 5th day Bacillus simplex 
showed 91% removal rate, whereas Clostridium 
tetani showed 86% removal rate. The value of COD 
was reduced to 870 mg/l and 2440 mg/l by Bacillus 
simplex and Clostridium tetani, respectively. 

When the experimental results of the 
monitoring of microbial activity in Trifluralin 
medium through turbidity and population increase 
are examined, an increase in turbidity showing 
parallelism with the number of bacteria has been 
observed, particularly from the 135th minute. The 
real increase in the number of microorganisms 
occurred from the 180th minute in a study that 
showed the best COD removal in Trifluralin 
medium and was carried out with Bacillus simplex. 
The period of 135 minutes observed from the 
starting time is the adjustment period for the 
bacterium. The same increase in media without 
Trifluralin occurred from the fifth minute. 

The increase of turbidity in Clostridium tetani, 
which had lower rate of COD removal, occurred 
from the 75th minute and fifth minute in Trifluralin 
medium and medium without Trifluralin, 
respectively. While population numbers were the 
same for both of the media until the 85th minute, 
from the 90th minute the population increase in the 
Trifluralin medium was three times higher than in 
the medium without Trifluralin. This is the period 
in which the bacterium had started to decompose 
Trifluralin (Table 4). 

While the increase in turbidity and population 
of Metacordyceps chlamydosporia, having had the 
best COD removal in Trifluralin medium, occurred 
between the 30th and 50th minutes, this increase in 
the medium without Trifluralin took a shorter time 
to occur. At the end of the 55th minute, the number 
of microorganisms in Trifluralin medium was 
approximately four times higher than in the 
medium without Trifluralin (Table 4).  

The increase in turbidity and population of 
Penicillium simplicissimum having had a lower rate 
of COD removal in both Trifluralin medium and 

medium without Trifluralin, occurred from 
the 15th minute. The increase in turbidity in the 
medium without Trifluralin became clearer from 
the 45th minute. The increase in the population of 
microorganisms was approximately two times 
higher in the Trifluralin medium. At the end of the 
60th minute, the numbers of both populations have 
been observed to be equal along with the fact that 
there was no difference between the NTUs of both 
media (Table 4). 
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ABSTRACT 
 

Development of sustainable mountain tourism 
is based on the principles of harmonising economic 
development with conservation of natural 
resources, environmental protection and 
preservation of authentic cultural identity of local 
communities in tourist areas, with an increasingly 
important need to consider the issues of how and 
how much the current and future climate change 
will affect the attractiveness, and in some cases 
even the survival itself of the basic motives in 
mountain tourist destinations. In order to determine 
a potential impact of climate change on the 
planning of mountain tourism development, this 
paper first provides a brief overview of the hitherto 
research from the area of climate change and their 
influence on tourism and mountain tourism in 
particular; the data on characteristic climate 
indicators from the meteorological stations on the 
mountains Kopaonik and Zlatibor (the leading 
tourist mountains in Serbia) are then presented and 
analysed; finally the appropriate conclusions are 
drawn from the consideration of basic theoretical 
and methodological and practical issues of 
mountain tourism planning and their relationship 
with climate change and potential actions to 
improve the situation in this area are recommended. 
 
 
KEYWORDS: 
Climate change, Mountain tourism, Planning, Kopaonik, 
Zlatibor 
 
 
INTRODUCTION 

 
Climate and weather conditions are the factors 

with the key impact on tourism as they are crucial 
components that directly affect the choice of tourist 
destinations as well as the season and length of a 
tourist travel [1]. 

The relationship between tourism and climate 
change has been studied for the last thirty years, 
and these studies are said  [2] to have started with 
the first scientific paper in this field that referred to 
the consideration of potential influences of climate 

change (increase of temperatures) on the ski 
industry, published in 1986 [3]. By the end of the 
1990s, there were more and more papers in this 
field, and in the period between 1995 and 1999, this 
number tripled in comparison with the previous five 
years [4]. At the beginning of the 21st century, and 
especially during the last decade, the studies of the 
impact of climate change have become the main 
topic in the consideration of tourism development 
[5]. Moreover, there are more and more studies of 
the impact of climate change from different aspects 
related to tourism development, such as extreme 
weather events [6], food supply [7], water resources 
[8, 9], change of the coastline characteristics [10], 
economic effects [11] and influence on socio-
economic development [12, 13], along with the 
possible impact of climate change on regional 
conflicts [14]. Similarly, there are more and more 
studies that have documented or considered the 
impact of climate change on individual forms or 
segments of tourism such as mountain tourism and 
outdoor tourist activities [15, 16, 17, 18]. 

There has been a rapid growth in mountain 
tourism for the last 25 years, so it has become 
economically significant both for local 
communities and at regional and national levels.  
The economy of these countries depends on 
ecological conditions and factors affecting them, 
including climate change as particularly important 
[19]. In that regard, climate change has a significant 
social and economic impact that can result in a 
decrease of viability degree of winter activities in 
mountain tourist areas, which primarily refers to the 
ski industry mostly identified as the activity most 
affected by climate change [20, 21]. All things 
considered, the impact of climate change on 
outdoor activities in mountain tourism is reflected 
in the following three ways [22]: (1) the availability 
of recreation opportunities through longer summer 
seasons and shorter winter seasons; (2) the overall 
comfort and enjoyment of recreation activities; and 
(3) the quality of the recreation experience. 

It should be additionally noted that mountains 
(where mountain tourism is developed) are unique 
and specific areas for studying climate change, 
particularly taking into account that climate 
conditions are changing fast with a change of sea 
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level at very short horizontal distances, causing 
both changes in vegetation and hydrological 
conditions, which will in turn affect climate change 
[23]. 
 

 
MATERIALS AND METHODS 

 
The data used in this study refer to the 

official data of the Republic Hydrometeorological 
Service of Serbia meet the representativeness 
requirements defined by the World Meteorological 
Organization (WMO). 

Kopaonik is among the highest and most 
spacious mountains in Serbia, stretching in an 
almost meridian direction for about 80 km of length 
and about 40-60 km of width. It is located in the 
southern part of central Serbia, and its 
distinctiveness is marked by a spacious plateau 
Ravni Kopaonik, which extends at the altitude of 
1600-1800 m, providing additional value to this 
area. This plateau is surrounded by the highest 

Velika Gobelja (1,934 m) etc., whose 
characteristics allow the formation of high-quality 
alpine ski slopes, while the Ravni Kopaonik plateau 
is suitable for Nordic and tour skiing. Kopaonik is 
the largest and most important winter mountain 
tourist destination in Serbia. According to the data 
of the Statistical Office of the Republic of Serbia 
related to the total number of tourists and overnight 
stays, Kopaonik has been the most visited Serbian 
mountain tourist resort during winter months for a 
long time, and the second most visited mountain 
tourist resort on an annual basis, immediately 
behind Zlatibor. The basis of winter mountain offer 
at Kopaonik is the ski field with a total of about 55 
km of regulated ski slopes and ski trails for alpine 
skiing and 12 km of Nordic ski trails, as well as a 
regulated snow-board park and special facilities for 
freeriding. The alpine ski field is located at the 
altitude of 1,400 to 2,000 m above sea level. 
Another significant feature of the Kopaonik ski 
resort is the artificial snow system that covers 97% 
of the ski field. The total capacity of vertical ski 
transport system (cableways and ski lifts) is about 
32,000 skiers an hour [24]. 

Zlatibor is the oldest mountain tourist 
destination in Serbia, which developed as a climate 
and sports and leisure centre on the mild slopes of 
the eponymous mountain, at an average altitude of 
about 950-1000 m above sea level. It is located in 
south-west Serbia, immediately next to the main 
road and near the main railroad connecting 
Belgrade and the south Adriatic. According to the 
data of the Statistical Office of the Republic of 

Serbia, Zlatibor has been the most visited 
mountain tourist destination in Serbia for a long 
time, both by the total number of domestic and 
foreign tourists and by the number of overnight 
stays of domestic and foreign tourists. Tourism and 
natural characteristics of the area have allowed the 
tourist destination development with an all-year 
offer. The ski resort Tornik is located at the 
distance of 9 km from the tourist centre, on the 
northern slopes beneath the eponymous highest 

field is at an altitude of 1,100 1,490 m above sea 
level, and has a total of 7 km of ski slopes for 
alpine skiing fully equipped by an artificial snow 
system and with three ski lifts of the total capacity 
of about 5,400 skiers an hour [25]. 

 
 

RESULTS 
 
The typical examples of climate change that 

refer to the first, so-called winter half of the year 
(period between November and April) in the areas 
of important mountain tourist destinations in Serbia 
have been examined on basis of the data of the 
Republic Hydrometeorological Service of Serbia 
for the meteorological stations at Kopaonik (1,710 
m above sea level) and Zlatibor (1,028 m above sea 
level). The observed time periods that have been 
compared refer to the measurement data obtained 
between 1961 and 1990 (period A), and between 
1981 and 2010 (period B). Most of the observed 
measurement data show that the changes that 
occurred in the mentioned time periods clearly 
indicate the occurrence of warmer weather 
conditions. For instance, in view of air temperature 
at Kopaonik (Tab. 1), the mean maximum, mean 
minimum, normal value, absolute maximum, 
absolute minimum (except for February and April) 
for all the observed months rose in period B 
(1981/2010) in comparison to period A 
(1961/1990), while the average number of frosty 
days (Tmin < 0 °C) decreased for all the months. 

It is obvious that the most significant changes 
occurred in January, when the mean maximum 
temperature rose by 1.3°C in the observed months, 
and the mean minimum and normal temperature 
rose by 1.0 °C. The absolute maximum in 
November rose by 4.8 °C, in March by 2.6 °C and 
in April by 2.2 °C. However, with regard to the 
average number of snow days, i.e. the average 
number of days with snow cover, the data does not 
show a significant decrease, but a mild increase in 
all winter months, while the situation with the days 
with snow cover is unchanged. In contrast, the 
number of foggy days significantly rose in all the 
observed months  by approximately more than 
seven days a month (41.6 days in a six-month 
period), which definitely has a negative impact on 
the suitability of conditions for winter sports. 
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TABLE 1 
  20°48E, 1,710 m above sea level), monthly and annual means, maximum and 

minimum values of meteorological elements 
 

A: period 1961 1990                               B: period 1981  2010 
Month November December January February March April 

Time interval A B A B A B A B A B A B 

TEMPERATURE °C 

Mean 
maximum 

3.0 3.8 -0.7 -0.1 -2.2 -0.9 -2.0 -1.4 0.4 1.5 5.0 5.8 

Mean 
minimum  

-3.8 -2.9 -6.9 -6.4 -8.7 -7.7 -8.4 -8.2 -6.2 -5.3 -2.0 -1.2 

Normal value -0.7 0.0 -3.9 -3.5 -5.6 -4.6 -5.5 -5.1 -3.2 -2.2 1.2 2.0 
Absolute max. 16.6 21.4 13.4 13.4 12.0 12.7 10.8 12.6 14.2 16.8 17.3 19.5 

Absolute min. 
-
17.5 

-
17.5 

-
24.6 

-
21.5 

-
24.8 

-
23.1 

-
21.6 

-
24.2 

-
23.7 

-
23.7 

-
12.8 

-
15.2 

 
Average Rel. 
Humidity (%) 

82,5 81 82,3 84 81,8 81 84,1 83 83,2 82 79,4 80 

PHENOMENA (number of days with snow, snow cower and fog) 

Tmin < 0 °C 21.4 20 28.9 28 30.5 30 27.6 27 27.8 27 20.6 18 
snow  9.0 10 13.2 15 15.4 16 15.5 16 15.1 17 11.1 12 
snow cover  15.2 15 27.9 27 31.0 31 28.1 28 30.1 30 22.6 22 
fog  9.9 17 12.3 20 11.4 18 10.3 17 9.8 17 8.7 15 

Data source: Republic Hydrometeorological Service of Serbia  
(http://www.hidmet.gov.rs/eng/meteorologija/stanica_sr.php?moss_id=13378, accessed 20nd Feb 2016) 

 
 
At Zlatibor (Tab. 2), where the mean 

maximum, the mean minimum temperature (except 
in February), the normal value, the absolute 
maximum and the absolute minimum (except in 
April) rose in all the observed months in period B 
(1981/2010) in comparison with period A 
(1961/1990), the changes are even more extensive. 
At this meteorological station, January is prominent 
as the mean temperature rose by 1.8 °C in the 
observed months, the mean minimum and normal 
temperature value by 1.2 °C, the absolute maximum 
increased by 3.8 °C, and the absolute minimum by 
3.0 °C. Such temperature changes, like at 
Kopaonik, did not significantly affect the average 
number of snow days (insignificantly decreased), or 
the number of days with snow cover (almost equal 
in total). Similarly to Kopaonik, the number of 
foggy days at Zlatibor during the observed months 
also rose but significantly less (11.3 days in a six-
month period). 

If the average annual values of the 
characteristic indicators at Kopaonik (Tab. 3) in the 
periods 1961/1990 (a), 1981/2010 (b) are compared 
with the corresponding values in the last 15 years, 
in the period 2001/2015 (c), significant changes are 
noticed, which clearly indicate the appearance of 
warmer weather conditions. For instance, the mean 
annual temperature in the period 2001/2015 in 

comparison with the period 1981/2010 rose by 0.7 
°C, and in comparison with the period 1961/1990 
by 1.6 °C, the mean maximum temperature rose by 
0.7 and 1.7 °C and the mean minimum temperature 
by 0.6 and 1.4 °C. The average annual number of 
frosty days (Tmin < 0 °C), the number of snow days 
and the number of days with snow cover in relation 
to both observed periods decreased in the last 15 
years, and the most prominent changes occurred in 
regard to the average annual number of foggy days, 
which in the last 15 years increased in comparison 
with the period 1961/1990 by as much as 70.6 days 
a year. 

Similar changes of the characteristic indicators 
can also be noticed at Zlatibor (Tab. 4), where the 
mean annual temperature in the period 2001/2015 
rose by 0.8 °C in comparison with the period 
1981/2010, and by 1.4 °C in comparison with the 
period 1961/1990. The most noticeable change 
occurred with the mean maximum temperature 
which increased in the last 15 years (2001/2015) in 
relation to the period 1961/1990 by as much as 1.9 
°C. The average annual number of frosty days (Tmin 
< 0 °C), the number of snow days and the number 
of days with snow cover, decreased in comparison 
with both observed periods in the last 15 years, 
while the average annual number of foggy days 
increased but not as distinctly as at Kopaonik. 
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TABLE 2 
Zlatibor   19°43E, 1,028 m above sea level), monthly and annual means, maximum and 

minimum values of meteorological elements 
 

A: period 1961 1990                               B: period 1981  2010 

Month November December January February March April 

Time interval A B A B A B A B A B A B 

TEMPERATURE °C 

Mean 
maximum 

7.4 7.8 1.9 2.6 0.3 2.1 2.3 3.3 6.3 7.5 11.4 12.4 

Mean 
minimum  

-0.1 0.1 -4.5 -4.0 -6.4 -5.2 -4.6 -4.7 -1.6 -1.2 2.7 3.2 

Normal value 3.2 3.2 -1.5 -1.2 -3.3 -2.1 -1.5 -1.3 2.0 2.4 6.6 7.2 
Absolute max. 20.6 25.5 17.1 17.2 13.8 17.6 18.2 19.9 21.7 24.9 24.5 25.6 

Absolute min. 
-
14.5 

-
14.5 

-
19.0 

-
18.5 

-
22.8 

-
19.8 

-
19.8 

-
19.4 

-
18.7 

-
18.7 

-7.3 -8.8 

 
Average Rel. 
Humidity (%) 

80,9 80 85,4 85 84,3 83 81,5 79 75,3 74 70,6 70 

PHENOMENA (number of days with snow, snow cower and fog)  

Tmin < 0 °C 15.2 15 24.7 24 27.0 26 22.5 22 18.5 18 7.6 6 
snow  7.3 7 11.8 13 14.1 13 13.4 13 11.7 12 6.7 5 
snow cover  11.1 12 22.2 23 28.0 27 23.1 24 19.0 20 6.2 5 
fog  12.4 14 12.8 16 12.4 14 10.6 12 10.7 13 8.8 10 

Data source: Republic Hydrometeorological Service of Serbia 
(http://www.hidmet.gov.rs/eng/meteorologija/stanica_sr.php?moss_id=13367, accessed 20nd Feb 2016) 

 
 

TABLE 3 
Kopaonik   20°48E, 1710 m above sea level), average annual values and their differences by 

individual periods 
 

Period 
1961/

1990 
(A) 

1981/
2010 

(B) 

2001/
2015 

(C) 

(B) - 
(A) 

(C) - 
(B) 

(C) - 
(A) 

TEMPERATURE °C 

Mean maximum 6.6 7.6 8.3 1.0 0.7 1.7 
Mean minimum  -0.6 0.2 0.8 0.8 0.6 1.4 
Mean annual 2.7 3.6 4.3 0.9 0.7 1.6 

PHENOMENA (number of days with snow, snow cower and fog) 

Tmin < 0 °C 178.7 170.0 159.6 -8.7 -10.4 -19.1 
snow  86.7 94.0 86.4 7.3 -7.6 -0.3 
snow cover* 162.3 162.0 151.3 -0.3 -10.7 -11.0 
fog  106.7 170.0 177.3 63.3 7.3 70.6 

*Data refer to the period 2000/2014. 
Source: Personal processing of data collected from Republic Hydrometeorological Service of Serbia  
(http://www.hidmet.gov.rs/latin/meteorologija/klimatologija_godisnjaci.php, accessed 9nd Feb 2016) 

 
 
The planning of mountain tourism 

development and climate change. The interaction 
of tourism, geographic space and natural 

interest since the 1960s. However, only at the end 
of the 20th and the beginning of the 21st century did 
this problem field, especially the issue of 

sustainable tourism development, become the focus 
of global interest both of the experts and the general 
public, which initiated complex and overall 
analyses in this area [26]. In this regard, the main 
challenge, extremely important to the future process 
of mountain tourism planning, will undoubtedly lie 
in the examination of the ways how sustainable  
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TABLE 4 
  19°43E, 1028 m above sea level), the average annual values and their differences by 

individual periods 
 

Period 
1961/

1990 
(A) 

1981/
2010 

(B) 

2001/
2015 

(C) 

(B) - 
(A) 

(C) - 
(B) 

(C) - 
(A) 

TEMPERATURE °C 

Mean maximum 11.5 12.8 13.4 1.3 0.6 1.9 
Mean minimum 3.4 3.9 4.5 0.5 0.6 1.1 

Mean annual 7.1 7.7 8.5 0.6 0.8 1.4 

PHENOMENA (number of days with snow, snow cower and fog) 

Tmin < 0 °C 120.3 116.0 104.9 -4.3 -11.1 -15.4 
snow 67.8 66.0 60.8 -1.8 -5.2 -7.0 

snow cover* 112.3 114.0 104.6 1.7 -9.4 -7.7 
fog 117.3 134.0 143.7 16.7 9.7 26.4 

*Data refers to the period 2000/2014. 
Source: Personal processing of data collected from Republic Hydrometeorological Service of Serbia  
(http://www.hidmet.gov.rs/latin/meteorologija/klimatologija_godisnjaci.php, accessed 9nd Feb 2016) 
 
tourism development can contribute to the overall 
sustainable development of the country/region, and 
finally of the local community itself. It will have to 
integrate the need for successful economic 
development with the necessity of preserving 
natural resources and the environment, to reconcile 
the need for the preservation of authentic cultural 
identity of local communities in receptive tourist 
areas with the need of employing immigration 
workforce (especially in the so-called seasonal 
peaks), and to consider the answer to the questions 
how and how much the current and potential 
climate change will affect the attractiveness, and in 
some situations the survival itself, of the basic 
motives in mountain tourist destinations. 

More important forms of the planning of 
tourism development occurred in the early 1960s, 
when a lot of European countries prepared and 
adopted planning documents related to tourism. 
Formerly, tourism development was mostly 
uncontrolled, without appropriate monitoring or 
forecasting trends in the tourist market, and without 
sufficient awareness of the accompanying, often 
negative, social, cultural and ecological effects on 
the local environment [27]. The examination of the 
evolution of contemporary planning methods and 
techniques led to the general conclusion that the 
tourism planning has been based for a long time on 
a one-sided approach, which favoured economic 
factors, while social and cultural factors and 
environmental protection were marginalized [28]. 

Climate change will present a special 
challenge and impact on the planning of mountain 
tourism development in the future, the 
consequences of which have been increasingly felt 
in the last years, particularly in mountain areas. 

Different studies in this field indicate that 
climate change in the following decades might 
result in a decreased number of traditional winter 

mountain tourist resorts in Europe [29], especially 
of those at lower altitudes, i.e. they might cause an 

tourism to higher altitudes [30].  According to these 
estimations, an increase of the mean temperature of 
only one degree resulted in a decrease of the 
number of mountain centres with enough snow by 
25%, while an increase of the mean temperature of 
two degrees brought about a decrease of the number 
of such centres of 40%. This means a significant 
decrease in numbers of winter mountain tourist 
centres, and an increase in the number of mountain 
centres with dominantly summer tourist offer in the 
area. However, these changes do not have only 
adverse effects such as an increase of costs due to 
the construction of larger artificial snow systems, 
with consequent adverse effects on the 
environment, but the development of a year-round 
tourist offer may contribute to the overall 
improvement of economic and social conditions in 
mountain tourist destinations [31]. The standpoints 
of some authors [32] should be noted here that 
climate change poses a significant threat to 
mountain tourism but to a lesser extent due to an 
increase in temperatures and a longer summer 
season, but much more due to shrinking glaciers 
and more frequent extreme weather events (storms, 
landslides etc.). 

Taking into account the potential negative 
effects that may lead to climate change in the 
future, many developed countries and other 
countries that had realized the importance of these 
changes, defined the areas of national importance 
and created relevant regional bodies in charge of 
analysing and managing climate change with the 
aim of continuous assessment of the impact of 
climate change in these areas [33]. The basic goal 
of these studies is to define strategies for the proper 
management of the effects caused by climate 
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change, which would enable a particular system to 
adjust to climate change on time in a way that 
would allow it to use the potential benefits and 
minimize the negative effects [34]. 

Specific assumptions of the impact of climate 
change on future characteristics of mountain 
tourism development were provided by P. 
Bourdeau [35], who considered the possibility of a 
space-time repolarization of dominant tourist flows 
(Fig. 1). 

 
 

 
 

FIGURE 1 
Towards a New Seasonal Turnaround of 

Tourism Polarities? [35] 
 
 

As this author states, the first large global 
change (space-time polarization) in dominant 
tourist flows occurred in the first half and in the 
middle of the 20th century, when the seaside 
became a dominant summer tourist destination, 
while mountain areas became the most popular and 
visited winter tourist destinations, unlike the 
previous period when the seaside was most visited 
in the winter and mountain areas in the summer 
period. The author attributes this to the changes in 
some geo-cultural factors such as a general change 
of understanding the relationship with the sun and 
our body (the so-called heliotropism, sunbathing, 
swimming etc.), development of skiing and other 
winter sports and recreational activities, 
development of mass tourism etc. Climate change, 
which has already contributed, and is expected to 
contribute even more in the future, to an increase in 
the mean temperature, with higher radiation and 
"heat waves" in many areas, is perceived by the 
author as catalysts of new changes (space-time 
repolarization). This will cause mountains, as 
natural "air-conditioned" zones, to become 
dominant and most visited tourist destinations in 
the summer period again. 
 
 
DISCUSSION AND CONCLUSIONS 
 

Taking into account the above-mentioned, it 
can be concluded that climate change directly 
affects the process of mountain tourism 

development. In view of this, and with 
respect to the characteristics of the current state of 
mountain tourism development in the world, as well 
as the general tendencies of social and economic 
development and global trends, some general 
tendencies of mountain tourism development can be 
defined: (1) responding to climate change by 
building ski resorts at higher altitude, introducing 
artificial snow systems along with the construction 
of small hydro-accumulations, regulating water 
flows, protection of forests etc.; (2) improvement of 
the winter tourist offer by way of adapting 
traditional winter sports to the current demand, 
formation of new sports and recreational offers in 
the form of designing facilities and fields for 
extreme sports, adventure sports etc. combined with 
entertainment; (3) significant improvement and 
increase of the summer tourist and sports and 
recreational offer, which would involve building a 
number of diverse and attractive facilities and 
amenities in places where, due to increasing 
technological progress only imagination, carrying 
capacity and financial resources can set limits, with 
an increasingly significant diversification of the 
products of ecotourism and ethno-tourism, and then 
of touring or specific tourism, which involves 
planning and conservation of natural values, rural 
construction, numerous fields and paths for special 
interest activities etc. 

The data related to Serbia, namely to the 
analysed mountains Kopaonik and Zlatibor, clearly 
indicate the occurrence of increasingly warmer 
weather conditions. These tourist destinations do 
not have a possibility of placing their winter tourist 
offer to higher altitude, as their ski fields are 
located on the tops of the mountains, and the 
existing ski slopes are fully equipped by artificial 
snow systems. It is therefore necessary to 
improve/enhance the existing winter tourist offer, 
and above all, to provide a better offer of summer 
and off-season tourist components, namely to 
develop an all-year offer. Accordingly, in the 
planning process of mountain development in these 
mountains, apart from decorating and equipping the 
space with appropriate amenities (walking and 
hiking paths, mountain biking paths, adventure  
adrenaline parks, special paths/trails for 
increasingly popular alpine running, open sports 
fields etc.), and construction planning of particular 
facilities (wellness and spa centres, indoor facilities 
with sports and leisure amenities, congress centres 
etc.), it is necessary to launch initiatives for 
connecting and joint positioning with the spas in the 
foothills (Kopaonik), or the surrounding tourist 
centres such as Tara, Mokra Gora, Uvac etc. 
(Zlatibor). 

In addition to the special attention paid to the 
impact of climate change, the planning process of 
mountain development should place more emphasis 
on environmental protection and social and cultural 
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factors so that carrying capacity and diverse 
development control mechanisms become integral 
segments of planning. Moreover, we should not 
neglect to protect the interests of the local 
population in the receptive areas, who should be 
involved in the processes of planning and making 
crucial development decisions. Tourism 
development planning of the future will be more 
influenced by increasing ecological awareness and 
by a significant growth of the interest of the general 
public to protect and improve the environment. 
During the last years, this has been reflected in a 
decrease of attractiveness of those tourist 
destinations that had exceeded the carrying capacity 
(ecological, socio-cultural, psychological, etc.), not 
only according to the expert studies but also in the 
opinion of the participants in tourist trends.  

Nevertheless, regardless of whether all the 
above-mentioned predictions come true, climate 
change, and the necessary respect for the guidelines 
on profiling balanced economic, ecological and 
socio-cultural development policies, will 
significantly influence the replanning of the current 
and development of a new generation of mountain 
tourist centres. This should be taken into account in 
the planning of development of the current and 
potential mountain tourist destinations in Serbia. 
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ABSTRACT 
 

The discharge of effluents containing 
chromium (VI) generated by tannery industry 
reveals serious toxicological and aesthetical 
problems in the environment. In this study, the use 
of kaolinite as an adsorbent was evaluated in the 
tannery wastewater treatment. The sorption of 
Cr(VI) from aqueous solution and tannery 
wastewater was conducted by a batch technique. 
Furthermore, systematic zeta potential experiments 
have been performed to be able to understand the 
adsorption mechanism and process. Consequently, 
zeta potential of kaolinite was not dramatically 
varied with the solid concentration, but pH altered 
the zeta potential of the suspensions. After the 
investigation of variation of zeta potential for 
kaolinite suspensions, isoelectric point was 
determined at about pH 2.15. For adsorption 
process, increase in pH was resulted the adsorption 
in the direction of decrease, and increase in 
temperature and ionic strength was not changed 
significantly the adsorption of hexavalent 
chromium. The results indicate that kaolinite could 
be employed as a low cost adsorbent for removals 
of Cr(VI) from aqueous solutions including 
industrial wastewaters. 
 
 
KEYWORDS:  
Chromium (VI) removal; kaolinite; adsorption; zeta 
potential; tannery wastewater. 
 
 
INTRODUCTION 
 

Increasing industrialization and technological 
development during the last century has resulted in 
severe metal pollution of the environment. Heavy 
metals such as chromium (Cr), cadmium (Cd), lead 
(Pb), copper (Cu), nickel (Ni), and mercury (Hg) 
are nowadays among the most important pollutants 
in aquatic environments [1]. Water pollution by 
heavy metals, especially chromium has sparked 
much concern to societies and regulation authorities 
around the world [2]. Chromium in aquatic 
environments are mainly generated from various 

industrial processes such as electroplating, metal 
finishing, leather tanning, wood preserving and 
manufacturing of dyes and paints [3]. Among them, 
tannery industry is one of the most polluting 
industries and characterized by considerable water 
consumption associated with the large use of 
different chemicals. The function of chromium salts 
in tanning processes is to form through 
complexation with the polypeptide collagen 
components of leather, a protective layer, which 
prevents the penetration of water inside the leather 
pores avoiding putrefaction. [4]. 

Chromium exists in the environment in the 
trivalent state, i.e. in the cationic form as Cr(III), or 
in the hexavalent state as the Cr(VI) anions: 
HCrO4 , CrO4

2  and Cr2O7
2 . Cr(VI) is toxic to both 

plants and animals. As a strong oxidizing agent and 
a potential carcinogen it can have teratogenic and 
mutagenic effects. Concentrations as low as 0.5 
ppm in solution and 5 ppm in soil can be toxic to 
plants [5,6]. Cr(VI) is approximately 100 times 
more toxic [7] and 1000 times more mutagenic than 
Cr(III) [8], which is known to be indispensable for 
animal nutrition. Besides, Cr(VI) is very toxic to 
living organisms, being its toxicity due to its high 
redox potential, mobility and ability to penetrate 
biological membranes. Cr(III) is less toxic and acts 
as essential micro element in mammalians, but in 
plants its role has not been elucidated yet [1]. 
Exposure to Cr(VI) causes irritation and corrosion 
of skin, respiratory tract, and probably lung 
carcinoma. Epigastric pain, nausea, vomiting, 
severe diarrhea, and hemorrhea are other deadly 
consequences of Cr(VI) contamination. The 
International Agency for Research on Cancer 
(IARC) has classified inhaled Cr(VI) as a human 
carcinogen [9]. In order to minimize these health 
risks, the maximum permissible level of Cr(VI) in 
industrial wastewater is recomended as 0.5 mg/L 

based on the national regulations of water pollution 
control in Turkey. According to the 
recommendation of the World Health Organization 
(WHO), the maximum allowable limit for Cr(VI) in 
drinking water is at the level of 0.05 mg/L [10]. 

Although numerous methods exist, the most 
commonly used methods for removing Cr(VI) from 
wastewater include reduction [11,12], precipitation 
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[13], membrane filtration [14,15], biological 
method [16], ion exchange [17-20] and adsorption 
[21 25]. The first five conventional separation 
methods have many disadvantages for instance, the 
high capital and operational cost, the production of 
amount of chromium sludge and possible 
generation of secondary pollution resulting in high 
disposal costs [26], whereas adsorption has been 
widely used in the removal of Cr(VI) from 
wastewater due to its simple operation, high 
removal efficiency and low treatment cost. Various 
materials such as modified zeolite and zero valent 
iron, clay minerals, waste tyres, activated carbon, 
biomaterials and industrial wastes have been used 
as adsorbents for the removal of chromium. 
Kaolinite is an inexpensive and efficient adsorbent 
which has great potential in the application of 
heavy metal removal from wastewaters because of 
its abundance, chemical and mechanical stability, 
high adsorption capability and unique structural 
property. Removal of metal ions using kaolinite is 
based on ion exchange and adsorption mechanisms 
because of its relatively high cation exchange 
capacity (CEC) (15 75 mmol/<<kg) and specific 
surface area, ranging from 10 to 20 m2/g. In recent 
years, many studies have been conducted on the 
adsorption of hazardous substances such as heavy 
metals and organic pollutants by kaolinite [27]. 
However, the applications of kaolinite for removal 
of Cr(VI) are limited. 

In the present work, adsorptive removal of 
Cr(VI) from aqueous solution and tannery 
wastewater sample was studied using kaolinite 
under various environmental conditions. After the 
determination of zeta potential of kaolinite, the 
effects of experimental conditions on the removal 
efficiency of the hazardous chromium including 
pH, temperature and ionic strength were studied.  

 
 

MATERIALS AND METHODS 
 
Materials. Analytical grade chemicals were 

used throughout the investigation. Merck salts and 
standards used for quantification were of high 
purity (99.9% or above). Stock and test solutions of 
chromium were prepared from K2CrO4. Sample of 
tannery wastewater containing chromium was 
collected from a local leather industry situated at 

capacity. The color of collected sample was 
greenish blue, its pH value was 4.5±0.1. The testing 
samples contained Cr(VI) 6.90 mg/L. The kaolinite 
was obtanied from Sigma Aldrich and average size 
of the adsorbent  

 
Characterization. The pH of the solution was 

adjusted with a Hanna pH-meter. The shaking was 
carried out in an orbital shaker incubator. The 
centrifugation was done with a Nuve centrifuge 

machine at 3000 rpm. Chromium content of 
the samples were determined 
spectrophotometrically using Perkin Elmer UV/Vis 
Spectrophotometer.  

 
Method. The sorption of Cr(VI) on kaolinite 

was studied by a batch technique. Ultrapure water 
was used in all experiments. All the solutions were 
stored in polyethlene bottles. Aqueous standard 
solutions of Cr(VI) were prepared by dissolving an 
accurately weighed amount of the relevant salt in 
deionized water so as to yield a metal ion 
concentration of 1000 mg/L. Adequate aliquots 
were taken from this stock for subsequent dilution 
to the desired concentration level. Adsorption 
experiments were carried out in polyethylene flasks 
of 50 mL using 0.5 g kaolinite and chromium ions 
in the range of 5 to 400 mg/L. pH of solutions was 
fixed up with 0.1 N HCl and 0.1 N NaOH without 
adding any buffer to control the pH. The flasks 
containing the weighed amounts of kaolinite and 
chromium solution were kept seperately in the 
incubator before mixing for a sufficient period of 
time to attain the desired experimental temperature. 
The equilibration time was run for 24 h. Samples 
were withdrawn and the supernatant of the solution 
was separated by centrifuging at 3000 rpm for 4 
min. Centrifugation was performed to deport 
kaolinite from aqueous medium. The filtrate was 
analyzed for the residual Cr(VI) concentration 
using UV-visible spectrophotometer at the 

max=378 nm) of the 
adsorbate. The adsorption capacity, qe, was 
calculated from the difference between the initial 
and equilibrium concentrations of Cr(VI). The 
effects of pH, ionic strength and temperature on the 
adsorption capacity of kaolinite were investigated.  

 
Determination of Zeta Potential of 

Kaolinite. A bunch of experiments were 
implemented to be able to determine the isoelectric 
point of the adsorbent. The measurements were 
carried out as a function of firstly the solid 
concentration and then pH of the suspensions. After 
the suitable solid concentration was determined, a 
sample of 0.4 g kaolinite was transferred to 100 mL 
distilled water of the adjusted pH. The ultrasonic 
vibration of dispersion was enforced for 10 min, 
shortly after settled in an incubator and rinsed for 
24 h at 25±2 oC. Afterwards, these samples were set 
free to stand for 15 min to let larger particles stable. 
An aliquot taken from the supernatant was used to 
measure the zeta potential using a Nano-zetasizer 
instrument (Malvern Co.) at room temperature. 

 
Effect of initial pH on adsorption. The effect 

of pH on the sorption capacity of adsorbate 
(Cr(VI)) onto kaolinite was examined in the pH 
ranges of 2.5-5.5. The pH of each solution was 
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adjusted using required quantity of HCl and NaOH 
solutions before the adsorption experiments. 

 
Effect of temperature. Adsorption 

experiments were carried out under batch mode at 
30, 40, 50 and 60 oC temperature. Temperature 
values of the solutions was kept stable using an 
orbital shaker incubator. 

 
Effect of ionic strength on adsorption. Ionic 

strength of chromium solutions was adjusted using 
NaCl salt in the concentrations of 0, 0.01, 0.05 and 
0.1 molL-1.  

 
 

RESULTS AND DISCUSSION 
 
Zeta Potential of Kaolinite Suspensions. The 

pHPZC is defined as the pH at which charge 
transition of surface occurs. At this pH, the actual 
charge on the adsorbent surface is zero. The pHPZC 
is a very important parameter as the charge on 
adsorbent surface determines attraction or repulsion 
of adsorbate. If adsorbent surface is positively 
charged (initial pH <pHPZC) then it attracts negative 
species and when it is negatively charged (initial 
pH > pHPZC), it tends to attract positive species [28-
30]. For silicate and alumina type minerals potential 
determining ions are generally H+ and OH- ions. In 
addition, the H+ ions in solution undergo exchange 
with some of the cations in the solid lattice leading 
to the consumption of H+ ions in suspension [31]. 
First of all the solid concentration in solution is a 

main parameter related with the surface 
charge generation. This means that the ionic species 
produced at the solid-liquid interface increase with 
increase in solid concentration that using 
inadequate solid concentrations can lead to errors in 
the interpretation of zeta potential measurements. 
The variation of the zeta potential with solid 
concentration of kaolinite suspensions has been 
shown in Fig.1. 

This figure shows that the zeta potential of 
kaolinite suspensions was not dramatically changed 
with solid concentration. Fig.2 illustrates the effect 
of pH on zeta potential of kaolinite. As shown in 
this figure, kaolinite has an IEP at about pH 2.15 
and exhibits negative zeta potential value over pH 
2.15. In the literature the IEP of kaolinite varies 
considerably depending on the source of the sample 
and the procedure used for cleaning the surface 
prior to study [32]. The increase of the suspension 
pH results in an increase in the negative charge of 
kaolinite. This can be ascribed to either the 
adsorption of OH- ions onto the positive charge 
centers of kaolinite or the deprotonation of surface 
hydroxyl groups. In addition, the reaction of OH- 
with dissolved cations to form metal hydroxides 
may result in a decrease in the pH. The decrease of 
the suspension pH results in a decrease of the 
negative potential owing to the H+ adsorption on 
the negative charge centers. At around pH 2.15, the 
zeta potential is about 0 mV. Most silicate or clay 
minerals have the isoelectrical point in the pH range 
of 2 to 4 [33]. 

 
 

 
FIGURE 1 

The variation of zeta potential with solid concentration of kaolinite suspensions. 
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FIGURE 2 

The variation of zeta potential with pH of kaolinite suspensions. 
 

 
FIGURE 3 

The variation of Cr(VI) adsorption with pH on kaolinite 
 
Effect of Initial pH on Adsorption. The pH 

plays an important role in the adsorption behavior 
because the pH can have an effect not only on the 
surface charge density of the adsorbent but also on 
the existing form of the adsorbate [2]. Therefore, 
aqueous phase equilibrium concentrations of 
chromium species can be evaluated using 
appropriate chemical reaction equilibrium analyses 
to understand the distribution of various forms of 
chromium (VI) ions in solution. In aqueous 
solution, Cr(VI) exists in different ionic forms 
dependent on both total Cr(VI) concentration and 
pH. Cr(VI) exists in five main forms in aqueous 
solution, and the equilibrium reactions for different 
Cr(VI) species are shown in Eqs. 1-4 as follows 
[34]: 

H2CrO4 H+  +  HCrO4
- K1 = 0.16  (1) 

HCrO4
- H+ + CrO4

-2 K2 = 3.2x10-7
(2) 

2HCrO4
- Cr2O7

-2 + H2O K3 = 33.1  (3) 
HCr2O7

- H+ + Cr2O7
-2 K4= 1.17 (4) 

The other two forms of Cr(VI), Cr3O10
2- and 

Cr4O13
2-, have been reported to exist at 

concentrations higher than 0.1 mol/L, and their 
concentrations are too low to be considered under 
the experimental conditions [34]. Figure 3 
represents the removal of chromium (VI) with 
respect to the different initial pH values in the range 
of 2.5 to 5.5 on kaolinite and shows that adsorption 
capacity decreases with increase in pH. 
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As seen from the figure, the initial pH value of 
Cr(VI) solution had a strong effect on the 
adsorption behavior of kaolinite [34]. The results 
show that chromium removal increases with 
decrease in pH values. Additionally, it can be 
drawn a conclusion from the Figs.4 and 5 that 
chromium removal efficiency of the wastewater 
decrease with increase in pH. In Figure 2, kaolinite 
surface in water had a net negative surface charge at 
natural pH and the isoelectrical point of kaolinite 
was at about pH 2.15. The electrical charge at the 
oxide surface /aqueous phase to 
protonation/deprotonation of the surface hydroxyl 
can be ascribed as [5]: 

 

-SOH+H+ -SOH2
+                       (5) 

-SOH+OH- -SO-+H2O                (6) 
 and at IEP 
 
[-SOH2

+]=[-SO-]                                (7) 
 
The fact that kaolinite has an isoelectric point 
shows the reaction responsible for the surface 
charge of the solid is mainly the reaction in Eq. (5) 
below IEP and in Eq. (6) above IEP, respectively. 
At lower pH the surface of the adsorbent was more 
protonated and competitive negative ions 

 

 
FIGURE 4 

Effect of initial pH of the wastewater on Cr(VI) adsorption by kaolinite. 

 
FIGURE 5 

Effect of initial pH of the wastewater on % Cr(VI) removal efficiency. 
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adsorption occurred between positive surface 
2
+) and free chromate ion. Adsorption of 

Cr(VI) at pH 2.5 shows the bind of the negatively 
charged chromium species (HCrO4

-) occurred 
through electrostatic attraction to the positively 
charged (due to more H+ ions) surface functional 
groups of the adsorbent [35]. At the initial 
concentration of 100 mg/L and pH range from 2.5 
to 5.5, HCrO4

- was the dominant Cr(VI) species 
[34]. However, at higher pH above 5.0, the amount 
of CrO4  increases, which is not adsorbed by the 
adsorbent, leading to a decrease of the adsorption 
capacity. In addition, with increasing in pH values 
due to more OH  ions, the protonation ability of the 
functional groups was weakened and the adsorption 
capacity declined [2,35]. 

The adsorption reactions of Cr(VI) on 
kaolinite from aqueous solutions can be given as 
following in Eqs 8-9 [34]. 

S-OH+HCrO4
- S-OHCrO4+H+   (8) 

2S-OH+CrO4
-2 (SO)2CrO4+2H+  (9) 

 
Effect of Temperature on Adsorption. The 

effect of temperature on adsorption is important not 
only because it affects the rate and extent of 
adsorption but also due to the fact that temperature 
dependence of adsorption provides information 

about possible adsorbate-adsorbent 
interaction [36]. In the temperature range of 30 60 

chromium (VI) was determined. It can be seen from 
Fig.6 that temperature has not an important effect 
on adsorption. Figs.4-6 indicate that the adsorption 
slightly decreased with increase of the solution 
temperature. This shows that the adsorption process 
is an exothermic process.  An increasing adsorption 
temperature leads to increasing of particle 
movements at the surface of the adsorbent and this 
phenomenon facilitates the detachment of Cr(VI) 
from the adsorbent [37]. This confirms the 
exothermic nature of Cr(VI) adsorption onto 
kaolinite [38,39]. 

 
Effect of Ionic Strength on Adsorption. 

Investigations carried out on adsorption revealed 
that the extent of waste uptake was strongly 
influenced by the concentration and nature of the 
electrolyte ionic species added to the aqueous 
media [40]. Industrial wastewaters often contain a 
variety of different ions [27]. In this study, NaCl 
was chosen as a salt for investigating the effect of 
ionic strength to the adsorption of Cr(VI) on 
kaolinite. To 

 
FIGURE 6 

The variation of Cr(VI) adsorption on kaolinite with temperature 
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FIGURE 7 

The variation of Cr(VI) adsorption with ionic strength on kaolinite. 
 

check the effects of electrolyte composition on the 
adsorption, ionic strengths of 0.01, 0,05 and 0.1 
mol/L NaCl were used to test whether ionic 
strength affected the adsorption of Cr(VI) on 
kaolinite with an initial Cr(VI) concentrations 
ranging from 10 to 250 mg/L [27]. Figure 7 shows 
the effect of the ionic strength on the Cr(VI) 
adsorption capacity [2]. 

Results clearly depict that the adsorbed 
amount was slightly higher in the presence of salt 
[5]. Since the presence of NaCl in the solution 
enhances the electrostatic interaction of similar 
charges of the kaolinite surface and Cr(VI), the 
adsorbed amount should increase with increase of 
NaCl concentration [41]. Similar results found that 
the presence of both Na+ and NH4

+ slightly 
improved the RB dye adsorption capacity onto A-
TRB [35]. 

 
 

CONCLUSIONS 
 

+ The zeta potential of kaolinite suspensions was 
not dramatically changed with solid concentration. 
+ The isoelecric point of kaolinite was found about 
pH 2.15. 
+ The initial pH value of Cr(VI) solution had a 
strong effect on the adsorption behavior of 

kaolinite. The results show that chromium removal 
increases with decrease in pH values. 
+ Adsorption removal slightly decreased with 
increase of the solution temperature. This shows 
that the adsorption process is an exothermic 
process. 
+ Results clearly depict that the adsorbed amount of 
chromium (VI) was slightly higher in the presence 
of salt. 
+ Adsorption has decreased with inreasing pH. 
+ Practically good removal efficiencies of 
hexavalent chromium were attained in the 
adsorption process. 
+ It is apparent that further treatment of the tannery 
wastewater using adsorption method by kaolinite 
has an effect that improving the quality of the 
effluent. 
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ABSTRACT 

 
In this work, the mesoporous carbon was 

synthesized through volatile organic 
solvents-organic self-assembly under different 
ratios of raw materials, using F-127 as template, 
phenolic resin as carbon source, tetraethyl 
orthosilicate (TEOS) as silicon source. Morphology 
and structure of prepared mesoporous carbon were 
characterized by X-Ray diffraction (XRD), Fourier 
transform infrared spectroscopy (FT-IR), scanning 
electron microscopy (SEM) and Transmission 
electron microscopy (TEM). The optimized 
condition of ordered structure was obtained by 
adjusting the different ratios of raw materials. The 
adsorption performance was investigated by 
adsorption of ciprofloxacin and tetracycline. A 
series of adsorption were studied at different initial 
concentrations from 50 to 500 mg/L, and also the 
different temperatures from 20 to 50 with various 
mesoporous carbons which were fabricated under 
different ratios of raw materials. The result revealed 
that the best wight proportion of TEOS, phenolic 
resin and F127 is 3:0.667:2, and the adsorption rate 
of tetracycline could reach 98%. Last, the 
adsorption processes of tetracycline were also 
discussed. 

 
 

KEYWORD 
Mesoporous carbon materials; self-assembly; adsorption; 

ciprofloxacin; tetracycline 

 
 

INTRODUCTION 

 
Ciprofloxacin (CIP) and tetracycline (TC) 

were extensively used to treat disease, prevent and 

promote growth etc. [1-3]. Because of extensive use, 
part of antibiotics was discharged the ecological 
environment, which was serious harm to human
animals and plants, even bacteria itself. So, residue 
of antibiotics in the drinking water, even only trace 
levels, stem 
and decrease immunity. Thus, it is imperative to 
remove the residue of antibiotics in the water. As a 
result, various physical, chemical and biological 
methods have been designed to treat antibiotics 
contaminated water, such as coagulation [4], 
electrochemical method [5], degradation [6,7] and 
photodegradation [8-10] and aerobic or anaerobic 
treatment [11].  Among these methods, adsorption 
has been found to be one of the most common 
techniques for antibiotics removal because of its 
easy operation and high efficiency [12 15]. Ordered 
mesoporous carbon possesses big pore size, large 
specific area, high pore volume and chemical 
stability to be suitable to apply in catalysis, 
adsorption, electrochemistry and gas separation 
[16-18] . Recently, mesoporous carbon materials 
have been used in the adsorption process of many 
organic pollutants [19-23]. The results showed the 
adsorption was available method to remove 
antibiotics in the water. Various mesoporous carbon 
have been prepared by different routes [24-26]. 
Wang [25] reported that ordered mesoporous 
carbons with tunable pore size in the range of 
3.6-6.2 nm which prepared via self-assembly 
method using the mixture of phenol, resorcinol and 
phloroglucinol as carbon precursor and triblock 
copolymer F127 as template. Jiang [26] reported 
ordered mesoporous carbons were synthesized by a 
simple organic-inorganic co-assembling method 
using sucrose as carbon precursors and n-hexane as 
micelle swelling agents. 

In present study, ordered mesoporous carbon 
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with better pore channel and specific surface area 
was synthesized through F127 as template, phenolic 
resin as carbon source and tetraethyl orthosilicate as 
solica source, where no any additional acids were 
used for the monomer phenolic resin 
polymerization [27,28]. The synthetic mechanism 
of mesoporous materials was explored by facile 
experimental steps, and the adsorption of antibiotics 
process was detailedly discussed. 

 
EXPERIMENTAL PARTS 

 
Chemicals. In this work, the chemicals used 

include tetraethyl orthosilicate (TEOS) as silica 
source, a triblock copolymer (F127), phenolic resin 
as carbon source, and fluorhydric acid (10%) were 
supplied by Sigma Aldrich, and used without 
further purification.  

Synthesis of mesoporous carbon. The 
procedure of synthetic mesoporous carbon was 
followed as [24]: A mount F127 and 0.2 mol/L 
hydrochloric acid was mixed with 20 mL absolute 
ethyl alcohol in the flask under water bath at 35 , 
next set temperature at 40 . The mixed solution 
was stirred to transparent. Then, phenolic resin as 
carbon precursor and TEOS as silicon source were 
added keeping 40  temperature under stirring for 
2 h to white materials. The materials were cured in 
the oven at 35  for 5h and 100  for 24 h. The 
products were washed with water and ethanol 
sequentially and dried at 80  for 12 h. Afterwards, 
the sample was calcinated in tube furnace for 2h, 
under nitrogen atmosphere at 700  temperature. 
The compound was put in 10% fluorhydric acid 
with stirring for 24 h. Through filtering and drying, 
black ordered mesoporous carbon was obtained. 

 
Characterizition of samples. The phases of 

the products were collected on D8 Advance Super 
speed harrow  X-ray diffraction (Bruker-AXS, 
German) using CuK  40 kV, 30mA ray, Ni Filter 
and 0.04°/0.4s scanning frequency, 
scope of 0.7°-10°A. Transmission electron 
microscopy (TEM) images of samples were 
recorded on a JEM-2100 microscope under an 
acceleration voltage of 200 KV. The power 
materials were dispersed in ethanol to prepare 
dissolving pulp. The above dissolving pulp was 
added on the copper net which was loaded carbon 
film and directly observed after drying. The sample 
was analyzed by Fourier transform infrared spectra 
(FT-IR) with Themo Nicolet NEXUS 470 (America 

thermoelectricity company). The porous 
parameters of mesoporous carbon were investigated 
by specific surface area and gap analyzer (Mack 
Tnstar113020, American) 

 
Adsorption experiment. Tetracycline (or 

ciprofloxacin) solution of 500mg/L was prepared 
and diluted to different concentrations (50mg/L, 
100mg/L and 200mg/L). 0.05g mesoporous carbon 
material was put in tetracycline solution, it was 
stirred in dark room, respectively. And, one sample 
was taken out every 10 min. Adsorbent total time 
was 60 min. The adsorption rate was measured after 
centrifugation and filtration by the following 
formula: 
Adsorption rate: 0-Ai)/A0] ×100%     (1) 
Where A0 is the initial adsorption value and Ai is 
adsorption value of reacted time. 

The adsorption capacity qe of composites for 
antibiotics TC can be calculated from the mass 
balance equation as follow: 

m

VCC e
e

)(
q 0

  (2) 

Where C0(mgL-1) and Ce(mgL-1) were the 
concentration of TC initial and equilibrium in the 
solution. V (L) is the total volume of the suspension, 
and m (g) is the mass of adsorbent used. 

 
 

RESULTS AND DISCUSSION  

 
XRD patterns. The small X-ray diffraction 

(XRD) patterns under different ratios of phenolic 
resin and F127 was shown in Fig 1-a. There was a 
sharp peak in the curve B and F, indicating that 
samples of the ratios 1:1 and 1:3 remained good 
ordered structure after carbonization[29,30], and the 
ordering degree of carbon structure of curve B was 
larger than F. The peak of curve D was low showed 
ordering degree of sample (proportion 1:2) was 
relatively low. The sample (ratios 2:1) showed 
disordered structure from the disappearing 
diffraction peak. Results indicated that ordered 
mesoporous carbon materials were synthesized in 
the proportion of 1:1 and 1:3 of phenolic resin and 
F127. Material possess the highest ordered degree 
when the ratio was 1:1.  

Figure 1-b showed the small X-ray diffraction 
(XRD) patterns under different ratios of TEOS and 
F127. Curve B and D both possessed sharp peak, 
and the peak intensity of B is quite high, indicating 
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both samples remained high ordering structure and 
1:2 ratio was higher than others. The curve F did t 
appear diffraction peak, indicating that no ordered 
structure was fabricated at the proportion 5:2. 
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FIGURE 1 
(a) small angle XRD patterns of different ratios 
of phenolic resin and F127 (B. 1:1, D. 1:2, F. 1:3, 
H. 2:1) (b) small angle XRD parrerns of different 
ratios of TEOS and F127 (B. 1:2, D. 3:2, F. 5:2) 

 

 

FIGURE 2 
TEM images of different ratios of phenolic resin 

and F127 (a. 1:1, b. 1:2, c. 1:3, d. 2:1) 
 

TEM & SEM. The transmission 
electron microscope (TEM) image of mesoporous 
carbon of different ratios of phenolic and F127 (a. 
1:1, b. 1:2, c. 1:3, d. 2:1) was shown in Figure 3, 
which clearly revealed internal structure of 
mesoporous carbon materials. Figure 3-a and b 
showed channel structure and uniform pore sizes, 
indicating mesostructure was well formed. Figure 
3-c and d  were lower order than that of Figure 3-a 
and b. For Figure 3- a, it may be due to F127 was 
less, and higher phenolic resin leaded to be closely 
arranged carbon source in the process of 
synthesizing which caused low ordering degree of 
samples with small pore channel. For Figure 3- c, it 
could be formed larger pore sizes at much F127 and 
less carbon source. Disordered structure of 
mesoporous carbon was formed because of collapse 
at high temperature calcination. For Figure 3-d, 
excessive phenolic resin leaded to overmuch carbon 
source and shortcoming F127, so the prepared 
carbon material was random and disordered.  

 

FIGURE 3 
TEM images of different ratios of TEOS and 

F127 (a 1:2, b 3:2, c 5:2, d 8:2) 
 

The transmission electron microscope (TEM) 
images of mesoporous carbon of different ratios of 
TEOS and F127 (a 1:2, b 3:2, c 5:2, d 8:2) were 
shown in Figure 3, which exhibited perfectly 
porous properties of mesoporous carbon. From 
Figure 3-b, mesoporous structure possessed 
relatively high ordered degree and uniform pore 
passange, but ordering degree was relatively low in 
the Figure 3- a, c and d. For Figure 3-a, it may be 
because TEOS was too less to fully fill template to 
cause structural shrinkage in the process of 
removing mold. For Figure 3-c and d, excessive 
TEOS leaded to too much silicon source area which 
was covered with by carbon source, and caused low 
ordering degree.  
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FIGURE 4 
SEM images of different ratios of phenolic resin 

and F127 ( a 1:1 b 1:2) SEM images of different 
ratios of TEOS and F127 (c 3:2, d 5:2) 
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FIGURE 5 
Nitrogen adsorption/desaorption isothermal  
(A)different proportional phenolic resin and 
F127(a 1:1;b 1:2;c 1:3;d 2:1 )  (B) different 
ratios of TEOS and F127 a 1:2,b 3:2,c 5:2, 

d 8:2  

SEM images of different ratios of phenolic 
resin and TEOS (a 1:1, b 1:2), different ratios of 
TEOS and F127 (c 3:2, d 5:2) were shown in Figure 

4. From Figure 4, it was found that ordering 
degree of all samples was relatively low. For Figure 
4- a, irregular structure was appeared due to 
relatively much phenolic resin to cause 
carbonization of redundant phonelic resin around 
F127. For Figure 4- b possessed good ordering 
because of increasing F127. For Figure 4- c, 
ordering degree was better than that of d. In Figure 
4-d, carbon toms showed random distribution and 
ordering of mesoporous carbon was reduced by 
carbonizing and removing template. It may be due 
to add much TEOS could cause to distribute in the 
F127 peripheral and attached to part of phenolic 
resin. 

 
Specific surface area. To obtain further 

insights into the porous, Nitrogen 
adsorption/desorption isothemal of different ratios 
phenolic resin and F127, Brunauer Emmett Teller 
(BET) measurements were performed to examine 
their specific surface area and pore size distribution 
of the samples. The results were shown in Figure 5. 
The Figure 5-A revealed that the isothemals 
possessed the proportion of 1:1 and 1:2 appeared 
hysteresis loop phenomenon, which indicated 
slender cylindrical hole with certain uniform size 
and reguler shape has been formed. In the scope of 
relative pressure, nitrogen adsorption/desorption 
isothermal of two samples possessed both a jump 
which caused by capillary condensation 
phenomenon. It proved that the two materials 
possessed relatively large pore distribution which 
made large specific surface area. It may be due to 
that much F127 was added.  

Nitrogen adsorption/desorption isthermal of 
different proportional TEOS and F127 a 1:2,b 3:2,c 
5:2,d 8:2 was shown in Figure 5-B. In the Figure 
5-B- a and b curves showed nice H1 model 
hysteresis loop, indicating the two mesoporous 
carbons possessed ordered mesoporous channel. 
For Figure 5-B- a curve, sudden change which 
caused by capillary condensation phenomenon in 
the curve, indicated this material possessed very 
narrow pore distribution. It might be because the 
more F127 lead to higher pore channel in samples 
and the less TEOS caused channel shrinkage in the 
high temperature to make pore size become narrow. 
For Figure 5-B- b curve, there was no loop 
appeared, showing that mesoporous carbon 
materials possessed bigger pore size and larger 
specific surface area. In Figure 5-B- c and d curves, 
hysteresis phenomenon and loop were not found, 
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mesoporous carbon and possessed relative small 
specific surface area. 

 
FT-IR. FT-IR of different proportional 

phenolic resin and F127((a):1:1(b)1:2(3)1:3(4)2:1) 
was shown in Figure 6-A. Peak between 3000cm-1 

and 3500cm-1was vibration peak. It maybe due to 
that the raw materials contained -OH bond. 
Stretching vibration peak of CH bond  
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FIGURE 6 
FT-IR of as synthesized different mesoporous 

materials  
(A) phenolic resin and F127 (a 1:1;b 1:2;c 1:3;d 

2:1)  (B) TEOS and F127 (a 1:2;b 3:2;c 5:2;d 
8:2) 

 

between 2700cm-1and 3000cm-1 may attribute 
feedstocks or form by linking some bonds in the 
process of synthesis. Vibration peak of C=C bond 
between 2000cm-1and 2500cm-1 may also contain in 

raw materials. Peak of C-C bond near 
1500cm-1 was C-C bond structure of raw materials. 
For Figure 6-c, relative strong peak which showed 
more C=C in the mesoporous carbon. In Figure 6-d, 
the weakest peak value indicated that materials 
contained the smallest -OH bond. Results showed 
that phenolic resin and F127 mainly linked through 
C-C, CH bond and C=C bond in the synthetic 
process. Surface groups were mainly -OH.FT-IR of 
different proportional TEOS and F127(a 1:2;b 3:2;c 
5:2;d 8:2) was shown in Figure 8-B. Between 
3000cm-1 and 3500cm-1, the peak belongs the 
hydroxy vibration. It was caused by the surface 
adsorptive H2O molecule. Between 2700cm-1and 

3000cm-1, the stretching vibration peak is CH bond 
which may generate from feedstocks or form by  
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FIGURE 7 
The adsorption performance of as-synthesized 

different mesoporous (a)phenolic resin and F127 
(B 1:1,C 1:2,D 1:3,E 2:1) affect on adsorption 

rate for tetracycline (b)phenolic resin and F127 
(B 1:1,C 1:2,D 1:3,E 2:1) affect on adsorption 

rate for ciprofloxacin 
 

linking some bonds in the process of synthesis. Peak 
of C-C bond near 1500cm-1 is C-C bond structure of 
raw materials. The result showed that the 
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as-prepared carbon materials mainly linked through 
C-C, CH bond and C=C bond, and surface of carbon 
possesses -OH groups. 
 

Adsorption experiment. Different ratios of 
phenolic resin and F127 affect on adsorption rate 
for tetracycline and ciprofloxacin. Different ratios 
of phenolic resin and F127 affect on adsorption rate 
for ciprofloxacin (B 1:1, C 1:2, D 1:3, E 2:1) were 
shown in Figure 7-a. The curve B showed low 
adsorption rate on ciprofloxacin. It may be due to 
that more dosage of phenolic resin caused to small 
pore size of mesoporous carbon through 
carbonization. For curve C showed high adsorption 
rate on ciprofloxacin, the reason may be due to high 
dosage of F127, after removing silicon using 
fluorhydric acid from composite, leaded to big pore 
size and much channels of mesoporous carbon 
which possessed strong adsorption performance for 
ciprofloxacin. When the proportion of phenolic resin 
and F127 was 1:3, it could reach adsorption 
equilibrium (adsorption rate was 97%) in 15 min. 
Because the big pore size, much channels and large 
pore volume of fabricated mesoporous carbon were 
beneficial to adsorption. Once the proportion 
increased to 2:1(curve E), the slope of curve became 
low, even sags and crests. This is because over 
dosage of phenolic resin leaded to materials with 
small pore size, short pore channel and low pore 
volume, which decreased adsorption capacity and 
fast analysis. 

Different ratios of phenolic resin and F127 
affect on adsorption rate on ciprofloxacin were 
shown in Figure 7-b. Curve-B and D showed that it 
reached maximum adsorption and trended to 
equilibrium in 30 min. In figure 7-b, adsorption rate 
increased along with increasing F127. Because 
F127 as template made ordered mesoporous carbon 
which processed big pore size, large specific 
surface area, high pore volume and much pore 
channels to cause high adsorption rate on 
ciprofloxacin. 

 
Different ratios of TEOS and F127 affect on 

adsorption rate on ciprofloxacin and tetracycline. 
Different ratios of TEOS and F127 affect on 
adsorption rate on tetracycline (B 0.667:1:2,C 
0.667:3:2,D 0.667:5:2,E 0.667:8:2) were shown in 
Figure 8-a. It found that curve C reached 
equilibruim in 10 min. Adsorption rate of four 
as-prepared materials all reached over 90%, curve C 
(ratio with 0.667:3:2 ) possessed the highest 
adsorption rate, which indicated large pore size, 

specific surface area, pore volume and pore 
channel of as-prepared materials could cause high 
adsorption rate of tetracycline.  
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FIGURE 8 

Different ratios of TEOS and F127  (B 
0.667:1:2,C 0.667:3:2,D 0.667:5:2,E 0.667:8:2 ) 

affect adsorption rate on tetracycline(a) and 
ciprofloxacin(b) 

Different ratios of TEOS and F127 affect on 
adsorption rate on ciprofloxacin (B0.667:1:2, 
C0.667:3:2, D0.667:5:2, E0.667:8:2) were shown in 
Figure 8-b. It was clearly found that curve-C 
reached equipilibrium in 10 min, and B, D, E took 
30 min. All the adsorption rates reached 90%, and 
curve-C possessed the highest adsorption rate, 
curve-B was the lowest. Indicating that the 
proportion of TEOS and F127 was 3:2, as-prepared 
mesoporous carbon material possessed stable 
structure, big pore size, large specific area, high 
pore volume and much pore channel, which were 
beneficial for the adsorption rate of ciprofloxacin. 
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FIGURE 9 

(a) different ciprofloxacin concentration 
affect on adsorption rate of mesoporous 
carbon (B 50mg/L,C 100mg/L,D 200mg/L,E 
500mg/L) (b) different temperature affect on 
adsorption rate on ciprofloxacin (B 30 , C 
40 , D 50 , E60 ) 
 

Different ciprofloxacin concentrations affect 
on adsorption rate of mesoporous carbon. 
Different concentrations of ciprofloxacin affect on 
adsorption rate were shown in figure 9-a. It was 
clearly found that adsorbent rates of curve-B and D 
were higher than that of curve-C and E. The result 
indicated that high concentration of ciprofloxacin 
led to low adsorption rate. However, the rates were 
up to 95%, and it showed that concentrations of 
antibiotics were not obviously affect on adsorption 
performance with the as-prepared ordered 
mesoporous carbon. 

Different temperatures affect on adsorption 
rate of ciprofloxacin (B 30 , C 40 , 50 , E 
60 ) were shown in Figure 9-b. From the results, 
curve-B, C, D and E were fast reach the  
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FIGURE 10 

Effect of contact time on adsorption TC at room 
temperature; (B) Plot of log (qe qt) vs t for 

adsorption of TC onto mesoporous carbon by 
using the pseudo-first-order kinetic model; (C) 

Plot of t/qt vs t for adsorption of TC onto 
mesoporous carbon by using the 

pseudo-second-order kinetic model; (D) Plot of 
qt vs t1/2 for adsorption of TC onto mesoporous 

carbon. 



© by PSP  Volume 25  No. 11/2016, pages 5044-5054  Fresenius Environmental Bulletin  

5051 

 

 

equipilibruim in 10 min, the adsorption rates 
reached up to 94%. But the difference of four 
curves was not obvious, indicating temperature was 
not important factor to affect the adsorption rate of 
ciprofloxacin with ordered mesoporous carbon. 

 
Adsorption kinetics and isotherms. In order 

to understand the adsorption mechanism of 
tetracycline onto as-prepared mesoporous carbon, 
the adsorbent process was studied as a function of 
contact time.The result was shown in the Figure 
10-(A). Obviously, the contact time between the 
adsorbate and absorbent is one of the most 
important parameters for the adsorption process 
[27].  

Adsorption kinetic behavior can govern the 
solute uptake rate and show the adsorption 
efficiency of the adsorbent and determine its 
applicability for explaining for describing the 
experimental data. The adsorption kinetic rates of 
the TC on mesoporous carbon as-prepared were 
evaluated by using the pseudo-first-order and 
pseudo-second-order kinetic models.  

The result follows Figure 10-(B). The value of 
correlation coefficint (R2) obtained is relatively 
poor (0.4596), indicating the kinetics of TC 
adsorption on produces as-prepraed are not 
probably followed the pseudo first order kinetic 
model and hence did not describes adsorbent 
phenomena. And the result of pseudo-second-order 
kinetic equation shows the Figure 10-(C). The 
correlation coefficient is 0.9981, implying that the 
adsorption process is well suitable the for 
pseudo-second-order kinetic equation. 

To further investigate the adsorption process, 
the intra-particle diffusion equation was used to 
express the transport of as-prepared mesoporous 
carbon material from the exterior surface to the 
pores of the mesoporous carbon.  

The result was shown in the Figure 10-(D). 
From the Figure, the relatively small correlation 
coefficient R2 is 0.7702, indicating that intra 
particle diffusion is not the rate controlling step of 
the adsorption process and film diffusion and intra 
particle diffusion occurred simultaneously. 

The Langmuir and Freundich isotherm model 
were used to investigate the adsorption isotherms. 

The langmyir isotherm equation is normally 
used to descript monolayer sorption process, and 
the results follow the Figure 11. 
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FIGURE 11 
Langmuir isotherms for the adsorption TC onto 
as-prepared mesoporous carbon at four different 

temperatures 
 
And the results of Freundich isotherm follow 

the Figure12. 
By comparing with the adsorption isotherms 

of Langmuir and Freundlich equations, it is found 
that the isotherm data of TC on the as-prepared 
mesoporous carbon are well-fitted to Langmuir 
isothermal equation due to high R2(reached 1), 
indicting that the Langmuir adsorption equation is 
better suitable to descript the adsorption process 
than Fleundich equation. It is also shown that the 
adsorption of TC on the as-prepared mesoporous 
carbon belongs the monolayer adsorption. From the 
Langmuir and Freundlich equation, it can be clearly 
found that the adsorption isotherm is well fitted at 
the low and high temperature by the Langmuir 
equation. And it is poor fitted by the Freundlich 
equation under low temperature, but it is suitable 
the Freundlich equation under the high temperature. 
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FIGURE 12 

Freundich isotherms for the adsorption TC onto 
as-prepared mesoporous carbon at four different 

temperatures 
 

 

CONCLUSIONS 

In this work, mesoporous carbon was 
synthesized via soft template through block 
polymer as template, phenolic resin as carbon 
presursor, TEOS as silicon presursor. The structure, 
pore size and surface perporties of materials were 
characterized by TEM, SEM, XRD and FT-IR. The 
results indicated that ordered mesoporous carbon 
were successfully synthesized. When the ratio of 
phenolic resin and F127 was 1:1, ratio of TEOS and 
F127 was 1:2 and 3:2, the ordering degree was the 
best. The result was coincided by SEM and TEM 
images. When the ratio of TEOS and F127 was 1:2, 
the specific surface area of mesoporous carbon was 
the largest. Meanwhile, the result of RT-IR 
characterization showed that mesoporous carbon 

mainly linked by C-C bond, CH bond and 
C=C bond, -OH was mainly surface group. The best 
adsorption rate of tetracycline could reach 98%. 
Form the results, the as-prepared mesoporous 
carbon could be used to treat the waste water. 
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ABSTRACT 
 

The characteristics of an atmosphere-exposed 
biofilm system were studied by combining 
polymerase chain reaction denaturing gradient gel 
electrophoresis (PCR-DGGE) with cloning and 
sequencing technology to analyze the microbial 
community structure in the system while changing 
organic loading and filling height of the filter. 
When the organic loading was 0.08 0.42 kg 
COD/m3/d, the removal rate of COD, TN, and TP 
increased with an increase in the organic loading. 
The effect of organic loading on the removal rate 
for COD and TN became more significant with an 
increase in the filling height, and for TP, became 
more significant with a decrease in the filling 
height. The microbial community succession in the 
system was significant. The dominant strains were 
Frateuria terrea, Myoschiston duplicatum, 
Thermomonas fusca, and Leifsonia xyli subsp. xyli 
str.  
 
 
KEYWORDS:  
atmosphere-exposed biofilm; organic loading; filling 
height; PCR-DGGE; dominant strains 
 
 
INTRODUCTION 

 
Atmosphere-exposed biofilm is an 

improvement to existing biofilm technology in 
terms of the filter and the aeration pattern. The filter 
is the key to biofilm technology as it provides space 
for microbial growth [1][2]. A new flexible fibrous 
filter HBC (hanging bio-contactor) ring is being 
used in atmosphere-exposed biofilms. It is a coil 
made of polyvinyl chloride wire, which increases 
the specific surface area. In addition, the charges on 
the wire improve biofilm attachment [3]. Dissolved 
oxygen significantly affects the cost of wastewater 
treatment, and is an important factor affecting 
biofilm activity. According to Ferrer et al. [4], the 
cost of aeration accounts for 50% of the total 
operating cost of a wastewater treatment system. In 
atmosphere-exposed biofilm systems, the HBC ring 
is hung directly in contact with the air, from which 
microbes absorb oxygen for their growth. The cost 

is thus reduced by avoiding aeration procedures. 
The placement of the filter avoids clogging of the 
filter bed, and mitigates the washback, making the 
system easy to manage [5]. 

Polymerase chain reaction denaturing gradient 
gel electrophoresis (PCR-DGGE) is a technology 
that can directly analyze and identify microbial 
communities with speed and accuracy without 
isolating and culturing. It can also evaluate complex 
microbial community succession and dynamics. 
Therefore, it is widely used in activated sludge, 
biofilm, soil, and sediments [6] [7][8][9]. 

 In this study, the microbial community 
structure and succession in an atmosphere-exposed 
biofilm system were analyzed and the dominant 
strains were identified by PCR-DGGE combined 
with the cloning and sequencing method. This study 
aims to provide a molecular ecology basis for the 
use of atmosphere-exposed biofilm as a system 
optimization and purification mechanism. 

 
 

MATERIALS AND METHODS 
 
Experimental setup and activated sludg. 

The reactor was made of Plexiglas and consisted of 
a filter layer and a reservoir (Fig. 1). The working 
volumes of the single filter layer and reservoir were 
9 L and 19 L, respectively. A peristaltic pump was 
set in the reservoir to induce a water cycle. A 0.12 
m HBC ring was hung in the filter layer with a 
packing rate of 600 m/m3. Two vents were set in 
both sides of the filter layer for internal air 
circulation. Every filter layer could separate from 
each other, allowing for adjustment of the height of 
the reactor. The wastewater was sprayed on the 
filter layer using a water spraying device at the top 
of the reactor with a regulating valve controlling the 
spraying capacity. 

 
Operation of the reactor. This study used a 

synthetic wastewater mixture to test the operation 
of the atmosphere-enhanced biofilm system. The 
synthetic wastewater included beef extract, yeast 
extract, and peptone to provide carbon and 
nitrogen, as well as trace elements from chemicals 
such as K2HPO4 and CaCl2, which are necessary for 
microbial growth. The biofilm formation was under  
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FIGURE 1 

 Schematic of the atmosphere-exposed biofilm system 
 

 
closed and recirculating conditions. Returned 
sludge from the secondary sedimentation tank of 
the municipal wastewater treatment plant was used 
as the seed sludge. 

Three reactors were operated with different 
filter heights of 0.12 m (A1), 0.24 m (A2), and 0.36 
m (A3) with a daily capacity of 10 L. The hydraulic 
retention time (HRT) was 24 h, and the surface 
loading rate (SLR) was 17.0 m3/m2/d. 

 
Analytical methods. Biochemical indicators 

of water quality. The chemical oxygen demand 
(COD), total nitrogen (TN), and total phosphorus 
(TP) were measured using standard methods [10]. 

 
PCR-DGGE. After the biofilm was 

developed, the samples from different layers in 
different reactors were collected at the initial and 
final stages. Total DNA of the samples were 
extracted using the Soil DNA Kit (Omega, USA) 
and the DNA quality was evaluated using agarose 
gel (0.8%) electrophoresis. 

The variable V3 region of bacterial 16S rDNA 
was amplified by PCR with the following primers: 
GC-338F and 518R [11]. PCR amplification was 
performed in an automated thermal cycler (T-
gradient, Biometra). The procedure is as follows: 
initial pre-denaturation at 94 °C for 5 min, 30 
cycles of 1 min at 94 °C, 45 s at 55 °C and 1 min at 
72 °C, and a final 10 min extension at 72 °C. The 
PCR product was evaluated using agarose gel (2%) 
electrophoresis, then pooled and purified using the 
DNA Gel Extraction Kit (Omega, USA).  

Ten microliters of the PCR products were 
separated by DGGE on polyacrylamide gel (7%) 
with a linear gradient of 35 55% denaturant. Gel 

was run for 5 h at 150 V in 1× TAE buffer and 
maintained at a running temperature of 60 °C. After 
electrophoresis, the gel was stained using silver 
staining method followed by taking photographs 
using the Gel-Doc2000 (Bio-Rad, USA). 

 
Cloning and sequencing. Desired bands were 

recovered, and then cloned and sequenced by a 
sequencing company(yimingbio Co.,Ltd.) in 
Beijing. All sequences were compared with the 
GenBank database using the Nucleotide BLAST for 
sequence identification. 

 
 

RESULTS 
 
Performance of the atmosphere-exposed 

biofilm. The OLR was increased from a low level 
of 0.08 kg COD/m3/d to a regular level of 0.42 kg 
COD/m3/d (Figure 2). There was a linear 
relationship between the OLR and removal rate of 
COD, TN, and TP in A1, A2, and A3. The removal 
rate increased with the increase of the OLR as 
under adequate nutrition conditions for microbial 
growth, but the removal rate tended to plateau or 
decrease when the OLR was over the metabolic 
capability of the microbial communities [12] [13]. 
Regarding the OLR and the fitting slope of the 
removal rate, the resistance to the OLR of COD and 
TN increased with the filling height (A3 > A2 > 
A1). In the wastewater treatment system, different 
microbial communities could develop under 
different heights of the biofilm because of different 
substrate concentrations. The system was stable and 
excellent with a higher filling height [14]. The TP 
showed a fitting slope (A1 > A2 > A3) opposite to  
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FIGURE 2  
Removal rate under different OLR of the atmosphere-exposed biofilm 

 
 

that of the COD and TN. In the TP removal 
process, released phosphorus and absorbed 
phosphorus were under anaerobic and aerobic 
conditions, respectively. The thickness of the 
biofilm was an important factor for the anaerobic 
environment. A lower filling height was more 
suitable than a higher filling height. As a result, the 
lower filling height showed a more significant 
effect of OLR on the removal rate. 

 
Analysis of microbial community structure. 

The numbers and intensity of the bands indicate the 
microbial community diversity and relative quantity 
[15]. A significant community succession appeared 
in A1, A2, and A3 (Fig. 3). In the initial stage, 
several bands of dominant strains became weak, 
and even disappeared (bands 2, 3, 7, 8, 11, 12, 14, 
16, and 18). Other bands (1, 4, 5, 6, 9, 13, 17, and 
19) consistently appeared in all the samples that 
were present in the initial stage. In other words, 
these strains could adapt to the environment of the 
atmosphere-exposed biofilm. Under the same OLR, 
the dominant strains became different after the 
operation in A1, A2, and A3, showing the effects of 
the filling height. Some strains were dominant at a 
low filling height, such as A1 (bands 10 and 15), 
while some strains were dominant at a high filling 
height, such as A3 (bands 5 and 6). However, some 
strains were unaffected by the filling height, and 
were dominant in all the reactors (bands 1, 4, 13, 
17, and 19). 

The Shannon-Wiener index (Table 1) was 
used to evaluate microbial diversity [16]. The 
strains that could not adapt to the system were 
eliminated, while the adaptive strains expanded to 
dominance. Most Shannon-Wieners in the initial 
stage were greater than the final stage (A2-1, A2-2, 
A3-1, and A3-3), and microbial diversity decreased, 
while some were slightly opposite (A1-1 and A3-2). 
Comparing the Shannon-Wiener values at different 
filling heights in one reactor, those from the top 
layer were less than those from the bottom layer 
(A2-1F and A2-2F; A3-1F, and A3-2F). In the top 
layer, the substrate was rich and the dominant 
microorganisms were heterotrophic. In contrast, 
heterotrophic and autotrophic microorganisms were 
dominant in the middle layer because the substrate 
was poor, and therefore, the Shannon-Wiener value 
was greater. However, the substrate was so poor in 
the bottom layer that only autotrophic organisms 
were dominant and the Shannon-Wiener value 
decreased (A3-3F). 

The number of common bands indicated the 
similarity in different samples in DGGE profiles 
[17] (Table 2). The Dice indexes before and after 
the operations were less than 50% (the Dice index 
of the A1-1I and A1-1F was 45.3%). It was 
significantly different at the same filling height in 
different reactors (the Dice indexes between the 
A1-1Fand A2-1F, A3-1F were 45.0% and 41.8%, 
respectively.). The Dice indexes were consistently 
high at different filling heights in the same reactor  
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FIGURE 3 
 DGGE profiles of the samples in initial and final stage in reactor A1, A2, and A3. A1-1I, A1-1F were 

samples for reactor A1; A2-1I, A2-2I, A2-1F, and A2-2F were samples of the top layer and the bottom layer 
for reactor A2; A3-1I, A3-2I, A3-3I, A3-1F, A3-2F, and A3-3F were samples of the top layer, middle layer 

and bottom layer for reactor A3, respectively. I: initial; F: final 
 
 

TABLE 1 
 Specific Shannon-Wiener index; evenness and richness were calculated from DGGE profiles 

 
 A1  A2  A3 

A1-1I A1-
1F 

 A2-
1I 

A2-2I A2-1F A2-2F  A3-1I A3-2I A3-3I A3-1F A3-2F A3-3F 

Shannon-
Wiener 

3.17 3.23 
 

3.2 3.17 2.92 3.13 
 

3.41 3.31 3.23 3.14 3.32 3.19 

Evenness 0.98 0.99  0.98 0.97 0.97 0.98  0.99 0.99 0.99 0.98 0.98 0.98 
Richness 25 26  26 26 20 24  31 28 26 25 30 26 

 
 
(the Dice indexes were 67.0% and 79.4% 

between A2-1F and A2-2F, A3-2F and A3-3F). In 
summary, the microbial community showed 
succession depending on operation and different 
filling heights while it showed little difference at 
different filling heights in the same reactor. 

Fourteen bands of the DGGE profiles were 
chosen for cloning and sequencing. The sequencing 
was compared with BLAST in the GenBank 
database (Table 3). Six of the fourteen bands 
belonged to Proteobacteria (bands 2, 4, 8, 13, 15, 
and 16). It indicated that Proteobacteria was the 
dominant strain in the seed sludge and the reactors 
[18]. The rest were Acidobacteria (band 6), 
Bacteroidetes (band 7), Firmicutes (band 10), 
Planctomycetes (band 11), Chloroflexi (band 12), 
Actinobacteria (band 17), Alveolata (band 5) and 
Chlamydiae (band 9). They were also the common 
strains in activated sludge [19]. 

Massilia brevitalea (band 2) was a strictly 
aerobic bacterium [20], and the uncultured 
Phycisphaeraceae bacterium (band 11) could resist 
high temperature [21]. These strains were dominant 
before the operation then become weak and even 
disappeared, as the seed sludge came from the 
aerated secondary sedimentation tank and the 
temperature was high in August and October. 
Niabella hirudinis (band 7) and Dissulfuribacter 
thermophilus (band 8) could resolve compounds 
[22] [23]; Longilinea arvoryzae (band 12) was a 
characteristic bacterium when the environment was 
rich in organics [24]. As the OLR varied from high 
to low, the low organics made these bacteria 
weaken and even disappear. Otherwise, 
Azorhizobium caulinodans (band 16) [25], which 
had nitrogen-fixing ability, was dominant before 
the operation but weakened later. 
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TABLE 2  
Dice index among different samples (%) 

 
Lane A1-1I A1-1F A2-1I A2-2I A2-1F A2-2F A3-1I A3-2I A3-3I A3-1F A3-2F A3-3F 
A1-1I 100 45.3 33.8 30.5 20.3 38.2 60.9 59.7 62.8 37.4 28.5 28.7 
A1-1F  100 40.5 36.0 45.0 58.2 45.6 45.8 44.6 41.8 37.6 33.8 
A2-1I   100 82.1 25.3 31.7 35.4 32.4 33.1 25.8 38.9 38.4 
A2-2I    100 17.7 26.6 34.5 34.4 33.7 19.8 38.1 37.2 
A2-1F     100 67.0 25.1 28.5 23.5 50.3 27.5 29.0 
A2-2F      100 36.7 36.3 31.1 50.4 36.9 39.2 
A3-1I       100 55.6 70.3 45.9 47.9 49.1 
A3-2I        100 78.4 34.7 37.5 40.0 
A3-3I         100 38.5 40.2 43.1 
A3-1F          100 40.6 45.3 

A3-2F           100 79.4 

A3-3F            100 
 
 
Myoschiston duplicatum (band 5) had an 

indicative function for nitrification in the activated 
sludge [26]. Thermomonas fusca (band 13) could 
resolve the nitrate [27]. These strains were 
dominant in A2 and A3, which fit with the removal 
efficiency of TN. Frateuria terrea (band 4), which 
was isolated from forest soil of the Changbai 
Mountains [28], Geothrix fermentans (band 6) 
which was dissimilatory Fe( )-reducing [29], 
Sphingopyxis ummariensis (band 15) could tolerate 
the poor nutritional conditions [30], and Leifsonia 
xyli subsp. xyli str. (band 17) could promote the 
cycle of C, N, and P in soil and sea [31]. These 
strains became dominant with the operation. 

Thermincola carboxydiphila and Sphingopyxis 
ummariensis were more dominant in A2 and A3 
than A1. Sphingopyxis ummariensis could utilize 
simple organic means to resolve compounds, and is 
widely used in environmental pollution control 
[30]. Myoschiston duplicatum and Geothrix 
fermentans were more dominant at a high filling 

height (A3). Frateuria terrea, Thermomonas fusca 
and Leifsonia xyli subsp. xyli str. were dominant in 
all reactors that were not adversely impacted by the 
filling height. 

 
 

DISCUSSION AND CONCLUSIONS 
 

The removal rate of COD, TN, and TP 
increased with the increase of the OLR from 0.08
0.42 kg COD/m3/d. The effect of the OLR on the 
removal rate of COD and TN became more 
significant with increase in the filling height; 
however, this effect was the opposite for the 
removal rate of TP. 

The Shannon-Wiener index, Dice index, and 
the microbial community succession were 
significant both before and after the operation of the 
atmosphere-exposed biofilm. Some strains became 

TABLE 3  
Comparison of nucleotide sequences and abundance of sequenced DGGE bands 

 

Bands Closest relatives Accession no. Identity (%) 
Phylogenetic 
division 

Band2 Massilia brevitalea NR_044274 99 Proteobacteria 

Band4 Frateuria terrea NR_116414 95 Proteobacteria 

Band5 Myoschiston duplicatum JN836351 99 Alveolata 

Band6 Geothrix fermentans NR_036779 92 Acidobacteria 

Band7 Niabella hirudinis NR_109743 99 Bacteroidetes 

Band8 Dissulfuribacter thermophilus NR_109598 93 Proteobacteria 

Band9 Simkania negevensis NR_074932 89 Chlamydiae 

Band10 Thermincola carboxydiphila NR_043010 88 Firmicutes 

Band11 uncultured Phycisphaeraceae bacterium KJ611520 100 Planctomycetes 

Band12 Longilinea arvoryzae NR_041355 98 Chloroflexi 

Band13 Thermomonas fusca NR_025577 99 Proteobacteria 

Band15 Sphingopyxis ummariensis NR_116018 99 Proteobacteria 

Band16 Azorhizobium caulinodans NR_074185 98 Proteobacteria 

Band17 Leifsonia xyli subsp. xyli str. NR_074130 100 Actinobacteria 
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weak and even disappeared, while some became 
dominant after the operation. The dominant strains 
were Frateuria terrea, Myoschiston duplicatum, 
Thermomonas fusca, and Leifsonia xyli subsp. xyli 
str. 

Microbial communities were significantly 
correlated with the filling height. Frateuria terrea, 
Thermomonas fusca and Leifsonia xyli subsp. xyli 
str. were dominant at all filling heights; 
Thermincola carboxydiphila and Sphingopyxis 
ummariensis were dominant at low filling heights; 
and Myoschiston duplicatum, and Geothrix 
fermentans were dominant at high filling heights. 
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ABSTRACT 
 

Poisson regression is frequently used for 
analyzing dependent variable based on count data. 
The main feature of the Poisson distribution is the 
assumption that the mean and variance are equal. 
However, this equal the mean and the variance 
relationship rarely occurs in application. In many 
case, the variance is larger than the mean, which is 
called overdispersion. When overdispersion occurs 
in a data set, negative binomial regression, in which 
parameter estimations are obtained by considering 
the effect that stems from overdispersion, is 
preferable. In this study, there was overdispersion 
in the number of mites. Therefore, parameter 
estimations were interpreted according to negative 
binomial regression. Effects of all independent 
variables were statistically significant on number of 
mites (p<0.01) in the negative binomial regression. 
The number of mites 

p < 0.01). Mite 
density in July was higher than that in other months 
(p < 0.01). The number of mites in the Golden 
variety was also found to be less than that in the 
Starking variety (p < 0.01).  

 
 
KEYWORDS: 
Mite counts, overdispersion, Poisson regression, negative 
binomial regression.   

 
 

INTRODUCTION 
 

Eriophyoid mites (Acari: Eriophyidae) count 
vary depending on temperature, increasing at high 
temperatures and decreasing at low temperatures 
(mite population are higher in spring and summer 
but lower in autumn) Thus, there are very large 
differences in mite counts [6, 7, 10] and these 
differences cause large variations in statistical 
analysis. Mite population counts display Poisson 
distribution, and therefore, the use of linear 
regression is not suitable in modeling mite 
populations. Linear regression requires dependent 
variables to be in a normal distribution. Moreover, 
owing to substantial differences among observation 
in mite counts, the distribution of mite counts 

becomes extremely right-skewed, and the normality 
assumption cannot be ensured [1].   

In Poisson regression (PR), dependent variable 
shows a Poisson distribution. PR based on 
generalized linear models (GLM) [1, 2, 3, 4, 15, 18]. 
Without requiring any assumption on the original 
structure of a data set, Poisson regression is defined 
in the exponential form in GLM [18]. In GLM, 
regression analysis is applied using a link function 
that is suitable for the distribution of dependent 
variable. Log link function is used for Poisson and 
negative binomial regressions in GLM [2, 17,18].  

A feature of the Poisson distribution is that the 
variance is equal to the mean. When this equality 
does not hold, overdispersion is generally observed 
(variance > mean) and underdispersion is rarely 
observed (variance < mean) [1]. However, 
dependent variable obtained by counts (mite 
counts) varies over a wide range; hence, 
overdispersion is usually observed [8]. In such a 
case, the application of PR causes biased parameter 
estimations and standard errors. A method of 
eliminating overdispersion in a dependent variable 
is negative binomial regression (NBR) [11, 12, 14, 
17, 18]. To determine whether overdispersion exists 
in a data set, the deviance statistics is widely used.  

This study aims at modeling mite counts and 
features that affect mite counts, independent 
variables such as year, region, and variety, using 
Poisson and negative binomial regression. 

 
 
MATERIAL AND METHOD 

 
Material. Population density studies on 

Aculus schlechtendali (Nal.) (Acari: Eriophyidae), 
present on the Starking Delicious and Golden 
Delicious apple varieties (Malus communis L. 

were conducted in 2009 2010. We selected three 
regions and five trees from every site. Sampling 
was performed at periodic intervals, once a week 
during the summer. A total of 25 leaf samples from 
each tree, including four vectors and centers of the 
selected plants in each region, were taken from the 
leaves of the plants. In addition, deutogyn 
observations were conducted by collecting sprout 
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samples of 5 cm. during the spring and autumn. 
Counting and separation of the mite stage on 
sprouts and leaves were performed directly under a 
stereomicroscope. Preparation of the collected mite 
samples was conducted by transferring them to a 
Hoyer environment, in accordance with Keifer 
(1975a,b). For this purpose, counting was 
performed on a 3-cm² area of each leaf, for 25 
leaves for every tree, with a total of 125 leaves for 
every region. The protogyn and deutogyn stages, 
eggs, and nymph pupa periods of A. schlechtendali 
on M. communis L. at different times (from June to 
September) were determined. In addition, the 
population count of Zetzellia mali (Ewing) (Acari: 
Stigmaeidae) was obtained on the collected leaves. 
To determine biological periods in the population, 
50 A. schlechtendali individuals from each region 
were slide mounted at each sampling date and 
examined under a microscope. A diagnosis of 
predatory mite species was performed by Prof. Dr. 

Agriculture - Department of Plant Protection). 
 
Methods. Poisson regression. Suppose that 

dependent variable iy  is distributed as Poisson 

distribution. The logarithm of  which is a mean 

of Poisson distribution is supposed to be a linear 

function of independent variables ( ix ). PR model 

with log link function can be written as [15] ,  

Pr( / , ) exp( ) !iy
i i i i ii

y x y ,    0,1,...iy      

(1)                                                            
 
Negatif binomial regression. Negative 

binomial regression model uses log link function 
between the dependent variable and independent 
variables. NBR model is [11, 14],  

1
1

1
P( ; , )

!

1
1 1

y
y

y
y

0                                                                         

(3)                                                

In equation 3,  is an arbitrary parameter 
showing overdispersion level 

The required statistical analyzes were 
performed using SAS 9.1.1.4 statistical software 
program. Mite counts were considered as dependent 
variable in the model. The years (2009 and 2010), 

varieties (Starking and Golden), temperature, 
humidity and months (June, July, August and 
September), on the other hand, were included in the 
model as independent variables.  

 
 
RESULTS AND DISCUSSION 

 
Descriptive statistics for mite counts 

according to regions and years were given in Table 
1. Standard errors of the mite counts were 
especially very high, concerning different regions. 
It was because there was a great variation between 
the mite counts. The graph of the mite counts was 
very right-skewed. Although such data set are 
subjected to transformations, the excessive right 
skewness does not change substantially. 

To determine which regression method would 
be suitable, the deviance statistics given in Table 2 
must be taken into consideration. A deviance 
statistics greater than one (1) indicates that there is 
an overdispersion in the data set. An overdispersion 
value approaching one indicates that mean and 
variance equality have been attained [15]. The 
overdispersion value in the PR in Table 2 was much 
greater than one (107.48). In contrast, the 
overdispersion value in NBR was close to one 
(1.20). If a dependent variable displays a Poisson 
distribution, then PR should be applied. However, if 
there is an overdispersion in the dependent variable 
(mite counts), then NBR, rather than PR, is 
preferable [3,4,5,13].  

 

            
TABLE 1 

Descriptive Statistics for Mite counts 
 Regions 
  Edremit   
Years  Mean S.error  Min  Max  Mean S.error  Min  Max  Mean S.error  Min  Max  
2009 83.64 22.59 0 604 50.00 14.19 0 270 23.12 5.29 0 78 
2010 130.40 37.80 0 859 51.54 18.26 0 298 50.04 23.42 0 453 

 
TABLE 2 

Goodness of criteria for Poisson regression and negative binomial regression  
Model df* Deviance Overdispersion 

Poisson regression 233 25042.48 107.48 

Negative binomial regression 233 281.20 1.20 

* df= degree of freedom 
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TABLE 3 
Parameter estimates for Poisson and negative binomial regressions 

Independent variable Poisson regression 
estimation (standard error) 

Negative binomial regression 
estimation (standard error) 

intercept 11.105** (0.138) 7.422** (1.628) 

Year -0.409** (0.019) -0.468*(0.195) 

Region  -0.526** (0.009) -0.576**(0.099) 

 Variety 0.012* (0.014) -0.115* (0.154) 

temperature  0.011** (0.002) 0.023**(.028) 

humidity 
 

0.107(0.005)** 0.076 (0.019)** 

month 0.091(0.0016)** 0.070(0.005)* 

**p<0.01, * p<0.05 
  

Parameter estimates for both regression 
models was given in Table 3. In the table 3, the 
effects of year, region, temperature, humidity, 
variety, and month on mite counts were found to be 
statistically significant in both regression models 
(p < 0.01). However, the overdispersion in the 
dependent variable caused different parameter 
estimates and standard errors in both regression 
models.  

To determine how effect each independent 
variable have on the dependent variable, it is 
necessary to linearize both PR and NBR models by 
using a log link function [17]. In the interpretation 
of the parameter estimates in the PR and NBR 
models, a long link function is taken into 
consideration. Since overdispersion has an 
important effect, parameter estimates obtained in 
the NBR model must be used in the interpretation. 
For example, differences between regions had 
caused a decrease in mite count of 43.8% in the 
table 3. Consequently, the mite counts varied in 
different regions (p < 0.01). It was determined that 
differences in varieties caused a decreased by 0.109 
(10.9%) in the mite counts, and this change was 
found to be statistically significant (p<0.05). A one-
unit increase in temperature caused a 0.023 (2.3%) 
increase in the mite counts (p < 0.01). A one-unit 
increase in humidity caused a 0.047 (4.7%) increase 
in the mite counts (p < 0.05). Increases in humidity 
are one of the important factors affecting the mite 
population [6, 7]. The difference between months 
caused a 0.189 (18.9%) decrease in the mite counts 
(p < 0.01). The increasing or decreasing mite counts 
for the respective months were given in Table 4.  

The results of statistical testing regarding 
whether independent variables have an important 
effect on mite counts were given in Table 3. 
However, the independent variables, especially year 

month (June, July, August, and September), are 
involved at different levels. For this reason, each 
individual independent variable must be tested 
statistically on mite counts.     

In regression models that are based on GLM, 
such Poisson and negative binomial regressions, a 
particular level of each independent variable is 
taken as a reference category [15, 16, 17]. In our 
study, year (2009 and 2010), region (Edremit, 

Golden), and month (June, July, August, and 
September) are categorical variables, while 
temperature and humidity are continuous variables. 
One of the levels of categorical independent 
variables is taken as a reference parameter, and 
interpretations are conducted accordingly [7]. 

The results obtained for the PR and NBR 
models were given in Table 4. Since overdispersion 
had an important effect on the data set (Table 1), 
the NBR results were taken into consideration. In 
NBR, year 2009 was taken as a reference category 
for year as the independent variable. Thus, the mite 
counts in 2010 increased by 0.140 (14.0%) in 
comparison with 2009 (p < 0.05). For region as the 

region increased by 0.652 (65.2%) in comparison to 
 < 0.01), while the mite counts in the 

Edremit region decreased by 0.299 (29.9%) in 
 < 0.01). Accordingly, 

there were differences among the mite counts in the 
three regions. For variety as the independent 
variable, Starking was taken as a reference category, 
and the mite counts for Golden decreased by 0.155 
(15.5%) in comparison to Starking (p < 0.05). In 
Table 4, the fact that the mite counts were less in 
the Golden variety as compared with the Starking 
variety might be because of the leaf structure and 
cuticle thickness of the Golden variety and that this 
variety might be more sensitive to this mite species  



© by PSP  Volume 25  No. 11/2016, pages 5062-5066  Fresenius Environmental Bulletin  

 

5065 
 

 

TABLE 4 
Parameter estimates using Poisson and negative binomial regressions for each independent category 

Independent variables Levels PR estimates (standard. 
error) 

NBR estimates (standard. 
error) 

 
Years 

2009 reference category 

2010 0.317(0.030)** 0.131(0.092)* 
 
Regions 

 -0.022(0.107) 0.502 (0.010)** 

Edremit -0.694(0.107)** -0.356(0.013)** 
 reference category 

 
Varieties 

Golden -0.028(0.007)**               -0.168(0.083)* 

Starking reference category 
 
 
Months 

June -1.077(0.0364)** -3.382(0.128)** 

July reference category 
 -0.170(0.031)** -2.269(0.193)** 

September -1.234(0.034)** -3.381(0.147)** 
*p<0.05 ve **p<0.01 
 
[7]. It was found that the A.schlechtendali 
population differed between regions and varieties, 
and that these differences were statistically 
significant [7]. For month as the independent 
variable, July was taken as a reference category, 
and it was obtained that the mite counts in June 
decreased by 0.966 (96.6%) in comparison with 
July (p < 0.01). The mite counts in August 
decreased by 0.899 (89.1%) in comparison with 
July (p < 0.01), and the mite counts in September 
decreased by 0.966 (96.6%) in comparison with 
July (p < 0.01). It was detected that mite density 
was much higher in July than in other months. This 
suggests that the mean temperature in July is more 
suitable for development of mites [7]. 
 
 
CONCLUSION 

 
As a result of deviance statistic, substantial 

overdispersion was observed in the dependent 
variable, and it was obtained that the use of NBR 
would be more suitable in evaluating parameters. 
The parameter estimations were quite different in 
both PR and NBR. This situation showed how 
effective overdispersion is on parameter estimations.  

The results displayed that the differences 
among regions and varieties regarding the number 
of eggs found in harmful mites were statistically 
significant. The number of eggs found in harmful 
mites in the Starking variety was relatively higher 
than in the Golden variety. The highest number of 
mites for both varieties was found in the Barda
region, while the lowest number of mites was found 
in the Edremit region in the Golden variety. It was 
seen that temperature and humidity had an impact 
on the A. Schlechtendali harmful 

mites. A one-degree temperature increase caused a 
2.3% increase in the number of mites. Similarly, it 
was found that a one-unit increase in the humidity 
caused a 4.7% unit increase in the number of mites.  
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