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ABSTRACT 

Determination of inorganic chloride from stationary 
sources in the presence of organic chloride compounds is of 
great importance during the analysis. The amount of re-
leased inorganic chloride into atmosphere was determined 
with burned refuse-derived fuel (RDF) originated plastic 
wastes according to the rule of Hazardous Waste Regula-
tions. Organic chlorides absorbed in scrubber solution 
during the sampling time interfere for analysis of inor-
ganic chloride by ion chromatography. Organic chlorides 
are removed by using two different activated charcoal 
tubes so that inorganic chloride analysis is provided more 
reliably. Recovery of inorganic chloride levels in the scrub-
ber solution was obtained approximately 50% by using 
granular activated charcoal where these levels increased 
by approximately 95% when it is passed from the pow-
dered activated charcoal. The amounts of chlorides were 
obtained 0.13, 0.50, 0.91 mg Cl-/Nm3 using 0%, 8%, 12% 
and 15% RDF ratio after Di.Elle activated charcoal and 
0.13, 0.63, 0.93, 1.13 mg Cl-/Nm3 using 0%, 8%, 12% 
and 15% RDF ratio after Merck activated charcoal. Re-
sults show that powdered activated charcoal is more ef-
fective than granular activated charcoal.  
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1. INTRODUCTION 

Discharge of industrial wastes from chemical industry 
activities, components of the urban solid waste and the 
leaching from agricultural and forest land are the main 
sources of organic pollution in water streams. These com-
pounds are used on a large scale even in everyday and 
may be industrial effluent contaminants. Some of them 
are toxic and slow to biodegrade, they accumulate in the 
environment [1-3]. 
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 There are a variety of methods available for removal 
of organic pollutants from wastewater and the most im-
portant of them are reverse osmosis, electrochemical oxida-
tion, incineration, ion exchange, precipitation, and adsorp-
tion. Of those adsorption is by far the most versalite and 
widely used method for the removal of toxic pollutants as 
it is inexpensive and eases to use operation. Different 
materials are used as adsorbents for the removal of differ-
ent pollutants. Activated charcoal (AC) is frequently used 
for the removal of organic pollutants from wastewater for 
more than three decades [4-12]. 

AC are known as very effective adsorbents due to their 
high porosity, large surface area (that can reach 3000 m2 g_1), 
and high adsorption capacity. This is a very versalite mate-
rial show that the unique properties of AC, which has not 
been used only as adsorbents, but also used as catalysts 
and catalyst supports for different purposes such as the 
removal of pollutants from gaseous or liquid phases and 
the purification or recovery of chemicals. Despite the satis-
factory results obtained using some of these low-cost 
adsorbents, AC are known to be more effective adsorbent 
for removal of greater amount of pollutants than other 
adsorbents [3, 13]. 

The most important characteristics of AC in the ad-
sorption of organic compounds are pore size distribution, 
surface chemistry (functionality) and mineral matter con-
tent. Adsorption capacity is defined as the accumulation 
of the solute molecules at the surface of a solid. This 
capacity is directly proportional to the area of the surface 
exposed and is dependent on the solute partial pressure 
and the temperature. Coal-based activated carbons are 
typically used to remove both low-molecular weight hy-
drocarbons, such as chlorinated organics, and high-molecular 
weight materials, like pesticides [14-16]. 

RDF technology can be applied in large municipal 
solid waste (MSW) facilities. RDF is a fuel produced from 
flammable components of the urban solid waste. RDF 
production consists of grinding, classification and disposal 
operations in order to remove metal components from the 
solid waste. The last step of RDF production is to bring 
the samples to a uniform size by shredding. RDF pellets 
compared to clean coal are environmentally friendly, en-
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ergy efficient and provide advantages in removing dust 
[16-21].  

The aim of this study is to analyze the released inor-
ganic chloride into the atmosphere during incineration of 
plastic originated RDF. However, other organic halogens 
may pass into the scrubber solution and interfere with the 
detection of inorganic chloride by ion chromatography. So 
this study has been done to resolve the problems using 
two different activated charcoals.  

 
 
2. MATERIALS AND METHODS 

All chemicals were of analytical reagent grade and 
used without further purification. Deionized water of 
18.2 MΩ cm resistivity obtained from a Milli Q-water 
purification system (Millipore) used for the preparation 
of all solutions. Sampling and analysis of studies were 
carried out in TUBITAK MRC laboratory which accred-
ited by German DAR/DAP according to DIN EN ISO / 
IEC 17025:2005 and Zambelli 6000 equipment was used 
for sampling with isokinetic conditions. 

 
2.1. Sampling 

In this study, the plastic wastes originated RDF 0%, 
8%, 12% and 15% has been disposed of by burning under 
Hazardous Waste Control Regulation. Limit values have 
been determined according to the regulation in case of 
waste disposal by burning for release of pollution parame-
ters into the atmosphere and one of these parameters are 

also inorganic halogens. The samples which containing 
different proportions RDF waste disposal by burning in 
high temperature rotary kiln were obtained by using USEPA 
method 26. 

USEPA method 26 is applicable for determining 
emissions of hydrogen halides (HX) [HCl, HBr, and HF] 
and halogens (X2) [Cl2 and Br2] from stationary sources 
when specified by the applicable subpart. By this method 
emission sample is collected isokinetically and is there-
fore particularly suited for sampling at sources, such as 
those controlled by wet scrubbers, emitting acid particu-
late matter (e.g., hydrogen halides dissolved in water drop-
lets). 

An integrated sample is extracted from the source and 
passed through a prepurged heated probe and filter into 
dilute sulfuric acid and dilute sodium hydroxide solutions 
which collect the gaseous hydrogen halides and halogens, 
respectively. The filter collects particulate matter includ-
ing halide salts but is not routinely recovered and ana-
lyzed. The hydrogen halides are solubilized in the acidic 
solution and form chloride (Cl-), bromide (Br-), and fluo-
ride (F-) ions. The halogens have a very low solubility in 
the acidic solution and pass through to the alkaline solu-
tion where they are hydrolyzed to form a proton (H+), the 
halide ion, and the hypohalous acid (HClO or HBrO). So-
dium thiosulfate is added in excess to the alkaline solution 
to assure reaction with the hypohalous acid to form a sec-
ond halide ion such that 2 halide ions are formed for each 
molecule of halogen gas. The halide ions in the separate 
solutions are measured by ion chromatography (IC) [22]. 

 

 

 

FIGURE 1 - Sampling train for halogens according to USEPA method 26. 
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According to USEPA method 26 the sampling train 
for halogens is given in Figure 1. The sampling train was 
prepared as follows: pour 15 ml of the 0.1 N H2SO4 
scrubber solution into first and second of impingers, 15 ml 
of the 0.1 N NaOH scrubber solution into third and fourth of 
impingers and place 200 g fresh charge of silicagel at the 
end of the impinger train. The air was drawn through a 
teflon-glass filter (TGF) to collect particles and then 
through scrubber solution to collect the gaseous hydrogen 
halides and halogens, respectively.  Approximately after 
1 hour sampling period scrubber solution was added in 
100 mL calibrated flask. The flask was diluted to the 
mark with prepared scrubber solution. Sampling volume 
was recorded to notebook for calculate mg chloride per 
standardized sampling volume. Samples were transported 
to laboratory for analysis. 

 
2.2. Removal of organic chloride with activated charcoal 

In this study, two different activated charcoal pro-
duced by Merck and Di.Elle were used for removal of 
organic chloride from scrubber solutions. The physical 
properties of used activated charcoals are given in Ta-
ble 1. Glass adsorbent tubes (6mm O.D., 178mm length) 
were prepared in the laboratory consisting of two separate 
sections filled with activated charcoal of 400 and 100 mg. 
A 0.5 µm pore size prefilter was fixed in the sampling 
train in order to eliminate entrance of particles into the 
tube. 

 
TABLE 1 - Physical properties of activated charcoals. 

Properties Particle size Type Specific surface 
area (BET)  

Merck activated 
charcoal 

50-100 µm 
≥ 80 % 

Powder about 800 m2/g 

Di.Elle acti-
vated charcoal 

0.42-0.84 
mm ≥ 85 % 

Granule about 300 m2/g  

 
5 mL portions from diluted to 100 mL of samples has 

been passed through sampling tubes using Eppondorf pi-
pets. Then be passed through activated charcoal tube sam-
ples were analyzed by Dionex ICS-1000 Ion Chromato-
graph. Each value reported in this study is an average of 
at least five separate measurements. 

 
2.3. Analysis 

The following system is used for sample analysis: 
DIONEX ICS-1000 Model Ion Chromatography System 
AS9 HC column, 9 mM Na2CO3 buffer solution, flow rate 
1.0 CCPM, conductivity dedector, 200 µL loop system, 
cell temperature 35 oC, column temperature 30 oC. A 
teflon filter (0.25 µm pore size) was used for removing 
particles before analysis.  

To a serie of chloride aliquots containing 0.01–0.2 
mg chloride (Cl-) (10.00–200.00 µL with calibrated Ep-
pendorf automatic pipet) prepared from Ultra Scientific 
(ICC-003) standard chloride solution is added in 100 mL 
calibrated flasks. The flask is diluted to the mark with 
prepared 0.1 N H2SO4 - 0.1 N NaOH solution. The peak 

areas are measured in conductivity dedector against re-
agent blank which is prepared in the same manner but in 
the absence of chloride. A calibration graph is plotted for 
chloride. A straight line passing through the origin has 
been obtained. Ultra Scientific CRM (ICC-210) IC Ani-
ons Mixture is used for quality control of analysis system. 

 
 
3. RESULTS AND DISCUSSION 

The mass of inorganic chloride per standardized sam-
pling volume (mg Cl-/Nm3) was calculated by using the 
following expression: 

 
where C (ppm) is the analysis result of 5 mL portions 

from diluted to 100 mL of samples, VT is total diluted 
volume of sampling periyod (100 mL), Vs is standardized 
sampling volume (0.1 Nm3). 

Results of analysis are given in Table 2 and 3 as ppm 
chloride and mg/Nm3 concentration of chloride in dry gas 
volume measured by the dry gas meter (DGM), corrected 
to standard conditions. A serious difference of chloride re-
sults are seen between before and after using activated charcoal. 
The lowest amount of inorganic chloride was obtained by burn-
ing 0% RDF ratio value compared to others, the highest chloride 
value was clearly seen in the sample by burning 15% RDF. The 
amount of chloride increases depending on the RDF ratio [23]. 

 
TABLE 2 - Analysis result of chloride using DL(Di.Elle) activated 
charcoal.   

before activated carbon after activated carbon RDF 
% analysis 

result,  
ppm Cl- 

a,bmg/Nm3,  
Cl-  

analysis 
result,  
ppm Cl- 

a,bmg/Nm3, 
Cl- 

% 
Recov-

ery 

0 % 0.12±0.002 0.12±0.004 0.13±0.002 0.13±0.004 8.3 
8% 0.32±0.005 0.32±0.011 0.50±0.008 0.50±0.018 56.3 
12% 0.48±0.007 0.48±0.020 0.74±0.011 0.74±0.026 54.2 
15% 0.59±0.009 0.59±0.021 0.91±0.014 0.91±0.032 54.2 
a: Calculated by the 0.1 Nm3 dry gas volume 
b: N=5; t = t-distribution for confidence level of 95% with N−1 degrees 
of freedom 

 
TABLE 3 - Analysis result of chloride using Merck activated charcoal.   

before activated carbon after activated carbon RDF 
% analysis 

result,  
ppm Cl- 

a,bmg/Nm3,  
Cl-  

analysis 
result,  
ppm Cl- 

a,bmg/Nm3, 
Cl- 

% 
Recov-

ery 

0 % 0.12±0.002 0.12±0.004 0.13±0.002 0.13±0.004 8.3 
8% 0.32±0.005 0.32±0.011 0.63±0.009 0.63±0.022 96.9 
12% 0.48±0.007 0.48±0.020 0.93±0.014 0.93±0.033 93.8 
15% 0.59±0.009 0.59±0.021 1.13±0.017 1.13±0.040 91.5 
a: Calculated by the 0.1 Nm3 dry gas volume 
b: N=5; t = t-distribution for confidence level of 95% with N−1 degrees 
of freedom 

 
Comparing the effectiveness of Merck and DL (Di-

Elle) activated charcoal, the important difference between 
them is clearly seen in Table 2 and 3.  

Recovery values of inorganic chloride are calculated 
as 56.3%, 54.2% and 54.2% after scrubber solution passed 
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through by using DL(Di.Elle) activated charcoal for 8%, 
12% and 15% RDF ratio. However, when Merck activated 
charcoal was used in the same RDF ratio, recovery values 
are calculated as 96.9%, 93.8 and 91.5%. It can be ex-

plained that type of Merck activated charcoal is powder so 
particle size is less than DL(Di.Elle) granular activated charcoal 
and different large surface area (Table 1) [24]. 

 
 
 

 
FIGURE 2 - Ion Chromatography Results Using Di.Elle Activated Charcoal and 8,12%RDF 

 
 

 

 
FIGURE 3 - Ion Chromatography Results Using Merck Activated Charcoal and 8,12%RDF 



© by PSP Volume 21 – No 3a. 2012   Fresenius Environmental Bulletin    

759 

 

There is also a significant influence on the results to 
analyze the samples after using activated charcoal. In 
Figure 2 and 3 it can be seen that very different response 
values were obtained between before no passed and after 
passed activated charcoal by using rates of all RDF mate-
rial.  

The chloride peak values were shown almost same re-
tention times for all samples, better resolved peaks and 
response values were obtained after activated charcoal 
compared to other.  

The organic compounds that absorbed in scrubber so-
lution and negative impacts during analysis were removed 
by using activated charcoal in this study. The placement 
of guard column before the main column can be faster and 
more practial during the chromatographic analysis of water 
and soil samples in order to remove of organic compounds. 
However, limited number of air samples were collected 
during incineration of plastic originated RDF wherefore 
not obtained same process conditions. Therefore, use of 
activated charcoal instead of guard column for removal of 
organic compounds in air samples that are more practial 
and feasible. 

 
 
ACKNOWLEDGEMENTS 

The author would like to thank TUBITAK Marmara 
Research Center Water and Wastewater Laboratory for 
analyses. 

 
 
REFERENCES 

[1] Gupta, V. K., Mittali A., Jain, R., Mathur, M. And Sikarwar, 
S. (2006) Adsorption of Safranin-T from Wastewater Using 
Waste Materials Activated Carbon and Activated Rice 
Husks. Journal of Colloid and Interface Science 303, 80–86. 

[2] Srivastava, S.K., Gupta,V.K., Mohan, D. and Pant, N. (1993) 
Removal of COD from Reclaimed Rubber Factory Effluents 
by Using the Activated Carbon (developed from fertilizer 
waste material) and Activated Slag (Developed from blast 
furnace waste material)—a case study. Fresenius Environ-
mental Bulletin 2, 394–401. 

[3]  Joana, M.D., Maria, C.M., Alvim, F., Manuel, F.A., Jose, R.U. 
and Manuel, S.P. (2007) Waste Materials for Activated Carbon 
Preparation and its use in Aqueous-Phase Treatment: A Re-
view. Journal of Environmental Management 85, 833–846. 

[4]  Pavoni, B., Drusian, D., Giacometti, A. and Zanette, M. 
(2006) Assessment of organic chlorinated compound removal 
from aqueous matrices by adsorption on activated carbon. 
Water Research 40, 3571-3579. 

[5]  Xing, W., Ngo, H.H., Kim, S.H., Guo, W.S. and Hagare, P. 
(2008) Adsorption and bioadsorption of granular activated 
carbon (GAC) for dissolved organic carbon (DOC) removal 
in wastewater. Bioresource Technology 99, 8674-8678. 

[6]  Pan, Z.H., Tian, J.Y., Xu, G.R., Li, J.J. and Li, G.B. (2011) 
Characteristics of adsorbents made from biological, chemical 
and hybrid sludges and their effect on organics removal in 
wastewater treatment. Water Research 45(2), 819-827. 

[7]  Gupta, V.K., Carrott, P.J.M., Ribeiro Carrott, M.M.L. and 
Suhas (2009) Low-Cost Adsorbent: Growing Approach to 
wastewater treatment-a review. Critical Reviews in Environ-
mental Science and Technology 39, 783-842. 

[8]  Ali, I. and Gupta, V.K. (2007) Advances in water treatment 
by adsorption technology. Nature Protocols 1(6), 2661-2667. 

[9]  Mayan-Mondragon, R., Ibanoz, J.G. and Vasquez-Medrano, 
R. (2008) Simultaneous electrochemical oxidation and reduc-
tion of representative organic pollutants, Fresenius Environ-
mental Bulletin 17(9a), 1294-1299. 

[10]  Gupta, V.K., Gupta, B., Rastogi, A., Agarwal, S. and Nayak, 
A. (2011) A comparative investigation on adsorption per-
formances of mesoporous activated carbon prepared from 
waste rubber tire and activated carbon for a hazardous azo 
dye-Acid Blue 113. Journal of Hazardous Materials 183, 
891-901. 

[11]  Gupta, V.K., Mittal, A., Gajbe, V. and Mittal, J. (2008) Ad-
sorption of basic fuchsin using waste materials-bottom ash 
and deoiled soya-as adsorbents. Journal of Colloid Interface 
Science 319(1), 30-39. 

[12]  Gupta, V.K. (2006) Removal and Recovery of the hazardous 
azo dye acid orange 7 through adsorption over waste materi-
als: Bottom ash and de-oiled soya. Industrial and Engineering 
Chemistry Research 45(4), 1446-1453.  

[13]  Alvarez-Uriarte, J.I., Iriarte-Velasco, U., Chimeno-Alanís, N. 
and González-Velasco,  J.R. (2010) The effect of mixed oxi-
dants and powdered activated carbon on the removal of natu-
ral organic matter.  Journal of Hazardous Materials 181(1-3), 
426-431.  

[14]  Derbyshire, F., Jagtoyen, M., Andrews, R., Rao, A., Martin-
Gullon, I. and Grulke, E.  (2001) Carbon Materials in Envi-
ronmental Applications, Marcel Decker, New York. 

[15]  Hashiho, Z., Rood, M. and Botich L. (2005) Microwave-
swing Adsorption to Capture and Recover Vapors from Air 
Streams with Activated Carbon Fiber Cloth. Environmental 
Science &Technology 39, 6851–6859. 

[16]  Ma, J., Cui, B.Y., Chen, X. and Dai, J. (2011) Carbonized 
and activated municipal organic waste for wastewater treat-
ment, Fresenius Environmental Bulletin 20(1), 63-68. 

[17]  Nicholas, P. C. (2002) Handbook of air pollution prevention 
and control, Butterworth-Heinemann An imprint of Elsevier 
Science. 

[18]  Carson, P. and Mumford, C. (2002) Hazardous Chemical 
Handbook, Second Edition, Butterworth-Heinemann An im-
print of Elsevier Science. 

[19]  Woodard, F. (2001) Industrial Waste Treatment Handbook, 
Treatment and Disposal of Solid Wastes from Industry, But-
terworth–Heinemann. 

[20]  United Nations Environment Programme (2004) Expert 
Group on Best Available Techniques and Best Environmental 
Practices,  Japan.  

[21] Sika, P. (2000) Energy from MSW, RDF Pelletization, A Pi-
lot Indian Plant, Department of Science & Technology, Gov-
ernment of India. 

[22]  USEPA Method 26 (2000) Determination of Hydrogen Hal-
ide and Halogen Emissions from Stationary Sources Isoki-
netic Method. 



© by PSP Volume 21 – No 3a. 2012   Fresenius Environmental Bulletin    

760 

[23]  Chiemchaisri, C., Charnnok, B. and Visvanathan, C. (2010) 
Recovery of Plastic Wastes from Dumpsite as Refuse-
Derived Fuel and its Utilization in Small Gasification Sys-
tem. Bioresource Technology 101, 1522-1527.  

[24] Rouquerol F., Rouquerol, L. and Sing, K. (1999) Adsorption 
by Powders and Porous Solids, Principles, Methodology and 
Applications, Academic Press. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Received: August 19, 2011 
Revised: October 20, 2011 
Accepted: November 07, 2011 
 
 
CORRESPONDING AUTHOR 

Ozgen Ercan 
TUBITAK Marmara Research Center 
Environment Institute 
41470 Gebze-Kocaeli 
TURKEY 
 
Phone: +90 262 677 29 73  
Fax. +90 262 641 2309  
E-mail: Ozgen.Ercan@mam.gov.tr 
 

 FEB/ Vol 21/ No 3a/ 2012 – pages  755 - 760 

 
 


