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Level,distribution and pollution assessment of
heavy metals in urban community garden soils in

Baghdad City, Iraq
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Abstract— Fourteen composite samples were collected from the gardens soils in Baghdad City in order to determine concentrations, spatial distribution and contam-
ination assessment of heavy metals such as Cd, Cr, Cu, Ni, Fe, Pb and Zn. The  mean concentrations are as follows: 18.64 mg/kg for Cd, 3.65 mg/kg for Cr, 15.64
mg/kg for Cu, 9114.28 mg/kg for Fe, 30.71 mg/kg for Ni, 1.99 mg/kg  for Pb and 23.71 mg/kg for Zn. The mean concentrations of heavy metals were compared with
USEPA soil guideline and the world reference value. The mean concentrations of Cd and Ni exceeded the guidelines while the other metals did not exceed. Positive and
negative significant correlation relationships between the metals were reported. ANOVA showed that there were significant differences (at p < 0.5)  in concentrations
Cd, Ni and Zn metals between the sampling sites and insignificant (at p < 0.5)  in concentrations of Cr, Cu and Pb. The metal contamination in the garden soils was also
evaluated by Appling enrichment factor (EF), pollution load index (PLI), integrated pollution load index (IPLI) and geoaccumulation index (Igeo). Based on enrichment
factor (EF) , the gardens soils in Baghdad city are extremely high enrichment with Cd and moderate enrichment with Cu and Ni. Pollution load index (PLI) and geoac-
cumulation index (Igeo) indicated that Baghdad gardens soils are polluted by Cd and unpolluted by other metals. The integrated pollution load index (IPLI) values
showed that the gardens soils in Baghdad are polluted with heavy metals. The sources of Cd in  Baghdad gardens soils may be from traffic and industrial emissions and
may be from phosphate fertilizers.

Index Terms— Baghdad; urban gardens; heavy metal; metal pollution, urban soil, pollution indicators, Anthropogenic
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1  INTRODUCTION
Community gardens are community-managed spaces that are
open to the [1]). Urban community gardens provide many bene-
fits  to  local  communities,  such  as,  a  safe  place,  a  fresh  supply  of
produce, opportunities for recreation and a venue for increasing
community  building  and cohesion  [2]  ,  [3]  ,  [4]  ,  [5].  Urban soils
can be contaminated by heavy metals and other pollutants as they
are  often  located  on  old  urban sites  impacted  by  urban activities
such as, road traffic, contamination, construction and manufactur-
ing [1] , [6]. Studies of heavy metals in urban garden soils report-
ed elevated levels of heavy metals exceeded the reference values
[1] , [5] ,  [7] , [8] , [9] , [10] , [11] , [12]. This study is the first at-
tempt to investigate the contents of heavy metals in the communi-
ty garden soils in the study area. Limited studies have conducted
to evaluate the heavy metals contents in the urban soils of Bagh-
dad [13] , [14] , [15] , [16] , [17]. The present study aimed to (a)
evaluate the levels of heavy metals in the community garden soils
(b) investigate distribution of heavy metals in the study area and
(c) assess the metal pollution using pollution indica-
tors.
2 Materials and Methods
2.1Study area, soil sampling and analysis

Fourteen community urban gardens were selected randomly in
Baghdad City , figure 1. The geographical coordinates of the sam-
pling stations were listed in Table 1. In each urban garden, ten
sampling points were randomly  selected. Composite samples,
made up of ten subsamples, were collected in each sampling

points from the soil layer (0-20 cm depth) with stainless steel
spade and transferred into air-tight polyethylene bags for
transport to the laboratory. The soil samples were air dried
and pass through a 2-mm plastic sieve. A portion of the < 2mm
fraction was then digested using USEPA method [18] and ana-
lyzed for total Cd, Cr,  Cu, Fe,  Ni,  Pb, and Zn by Atomic Absorp-
tion Spectrometry ( Analytikjena).

2.2 Pollution assessment
To  assess  the  pollution  status  and  to  evaluate  the  impact  of  an-
thropogenic activities, we can be employed the pollution indica-
tors, such as enrichment factor (EF), integrated pollution load
index (IPLI) and geoaccumulation index ( Igeo).

2.2.1 Enrichment factor (EF)
Enrichment factor was used to differentiate between elements
generating from anthropogenic origin and those from lithogenic
origin and to investigate the degree of contamination and the de-
gree of anthropogenic impact [19] , [20]). EF can reflect soil evolu-
tion  in  along  scale  [21].  The  EF  calculations  compare  each  value
with a given background level, either from the local site, using
older  soils  formed under  similar  conditions,  but  without  anthro-
pogenic impact, or from a regional or global average composition
[22] ,  [23]).  The EF was calculated using the method proposed by
[24] as follows:

EF =  ( Cn/Cref)sample / (Cn/Cref)reference                                   (1)
Where Cn is  the  concentration  of  metal  element  in  soil  (mg/kg)
and Cref is the concentration of reference element (mg/kg). In this
study, Fe was adopted as reference element because it is one of the
largest component of soil and the modification of iron by anthro-
pogenic sources is difficult. Five contamination categories are
classified on the basis of EF as deficiency to minimal enrichment
(EF < 2), moderate enrichment (2  EF < 5), significant enrichment
(5  EF < 20),  very high enrichment (20  EF < 40),  and extremely
high enrichment (EF  40).
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Fig. 1. Map of the residential areas in Baghdad City including the sampling
stations.

Table 1. Data of soil sampling sites in urban gardens in Baghdad City.

2.2.2 Integrated pollution load index (IPLI)
Integrated Pollution load index (IPLI) is defined as the mean

values for all the pollution indexes (PLI) of all considered metals:
(IPLI) = ( PLI1 + PLI2 + PLI3 +……. PLIn )/ n                                      (2)
Where, n is the number of metals. The PLI is defined as a ratio of
heavy metal concentration in the soil and the  background con-
centration of the metal [25] , [26]:
PLI = Cn / Bn (3)

Where Cn is the measured concentration and Bn is  the  back-
ground concentration. The following contamination categories are
used  [25]:  PLI   1  is  low  contamination;  1  PLI  <  3  is  moderate
contamination and PLI > 3 is high contamination. The back-

ground concentrations of the elements were used from the world
average  data  (  [27].  The  IPLIs  were  classified  as:  IPLI   1  is  low
contamination; 1 < IPLI  2 is moderate contamination and IPLI >
2 is high contamination [25] , [28].

2.2.3 Geoaccumulation index ( Igeo)
The geoaccumulation index (Igeo)  is  a  geochemical  criterion  to
evaluate pollution level in soils [25]. It was  calculated using the
method proposed by [29]:

Igeo = log2 ( Cn/1.5Bn)                                                                    (4)
Where Cn is the measured concentration of element n in the sedi-
ment sample and Bn is the geochemical background value [world
average data given by Bowen (1979[27])]. The factor 1.5 is intro-
duced to include possible variation of the background values due
to lithogenic effect. Muller (1981[30]) proposed seven grades or
classes  of  the  geoaccumulation  index.  These  classes  are  :  class  1(
Igeo  0) is unpolluted, class 2 (0 < Igeo  1) is unpolluted to moder-
ately polluted, class 3 (1 < Igeo  2)  is  moderately polluted, class 4
(2 < Igeo  3) is moderately to strongly polluted, class 5 (3 < Igeo  4 )
is strongly polluted, class 6 (4 < Igeo  5) is strongly to extremely
polluted, class 7 (Igeo > 5) is extremely polluted.

2.3 Statistical analysis and mapping
The data were statistically analyzed using the STATISTICA soft-
ware [31]. The means , standard deviations, minimum, maximum
, range and Pearson's correlation were calculated of the metal con-
centrations in soil samples. ANOVA was executed to detect any
significant differences of metal contents spatially. To plot the spa-
tial variation map of the metal contents in soil in the study area,
we used the  3DField software [32].

3 Results and discussion
 3.1 Concentrations of heavy metals
Descriptive statistics of the concentrations of heavy metals in
community urban gardens soils in Baghdad City are listed in Ta-
ble  2.  The  metals  concentrations  decrease  in  the  order  Ni  >  Zn >
Cd  >  Cu  >  Cr  >  Pb.  The  mean  concentration  of  Cd  exceeded  the
USEPA soil guidelines and the world reference value. The mean
concentration of Ni exceeded the USEPA guidelines and was less
than the world reference value. The mean concentrations of the
Cr, Cu, Pb and Zn did not exceed the USEPA soil guidelines and
the  world  reference  values.  Results  of  the  comparison  with  the
soil guidelines and the world reference value suggests that the
gardens soils in Baghdad City are polluted by Cd and Ni. Lower
concentrations of Cr, Cu, Ni, Pb and Zn were reported in the cur-
rent study as compared to those recorded in the urban soils of
Baghdad City [13] , [14] , [15]  [16] , [17]. Mean concentration of
Cd  was  in  good  agreement  with  that  (  19mg/kg)  reported  in  the
urban soil of Baghdad as concluded by [16]) and more than those
recorded in the investigations of [13] (11.45mg/kg) , [14]
(0.54mg/kg), [15] (4.18mg/kg), and [17] (11.7mg/kg). The relative
importance of various Cd sources to human exposure decreases in
the following order: phosphate fertilizer > fossil fuel combustion >
iron and steel production > natural sources > non-ferrous metals >
cement production > cadmium products > incineration [33].
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Table 2. Results of descriptive statistics of heavy metals concentrations
(mg/kg) in gardens soil in Baghdad  City with the soil guidelines and the
world reference value.

Anthropogenic inputs of Cd into soils may be of different sources,
such as agricultural amendments, atmospheric deposition and
sewage sludge [34]). De Miguel etal. [35] found that Cd has been
associated with tire wear and traffic movement. Concentration of
Cd above 0.5mg/kg could reflect the impact of anthropogenic ac-
tivity [36]. Cadmium uses in different industries such as, paints,
pigments, electroplating and plastic stabilizer [37]. Because of all
gardens locate in the residential areas and near the roads, the an-
thropogenic activities are the main sources of Cd release into the
garden soils. These sources  include traffic emissions, atmospheric
deposition and may be phosphate fertilizers used in these gar-
dens. Rahi et al.[13] suggested the traffic activity and different
industries as sources of high Cd concentration in the urban soil of
Al-Waziriya region in Baghdad City. The industry together with
the traffic activity were mainly responsible for metal pollution of
the Baghdad urban soils [14].  The wear and tear of tires, the
greater traffic density on the busy roads, industrial activities,
bombing  and explosive  cars  are  sources  of  the  release  of  Cd into
the soils of Al-Karrada region within Baghdad City [15]. As men-
tioned above, the Baghdad community urban gardens soils were
polluted by Ni in term of comparison with USEPA guidelines. The
mean concentration of Ni reported in this current study was less
than recorded in the previous studies of the Baghdad urban soils
[13] , [14] , [15] , [16] , [17]. Generally, the sources of Ni in urban
soils and road dusts are mainly derived from traffic emission and
industrial emission [28]. The different types of detergents may be
important sources of Ni in the urban soils [34]. The elevated level
of Ni in the Baghdad gardens soils is attributed to the traffic and
industrial emissions.
The results of the Pearson's correlation coefficients and their sig-
nificant levels ( P < 0.05 ) are shown in Table 3. The concentration
of Cd showed significant positive relationship with Cu and Zn,
0.53 and 0.56, respectively. Zn expressed a significant positive
relationship with Cr (0.53) and negative relationship with Ni (-
0.61). The Ni concentration has a significant negative with Cr (-
0.71). Correlation analysis provides an effective way to reveal the
relationships between multiple variable and thus  have been help-
ful for understanding the influencing factors as well as the
sources of chemical components [20]. The relationship between

Table 3. Pearson's correlation coefficients between heavy metals in gar-
dens soil in Baghdad City.

*Marked correlations are significant at p < 0.05.

heavy metals can provide important information on heavy metal
sources and pathways [38]. Many researchers have reported the
importance of natural sources of Cr, such as parent material of
soils and lithogenic sources [39] , [40]. The Cd has significant posi-
tive correlation  relationships with Cu and Zn suggesting that
these heavy metals originate from common source Anthropogenic
source). The negative correlation relationships between Ni-Cr and
Ni-Zn may be indicate that Ni releases into the soil in quantities
more than Zn and Cr from their common sources or it occurs ion-
ic exchange between Ni and Zn their source .

3.2 Spatial distribution of heavy metals
ANOVA showed that there were significant differences (at p < 0.5)
in concentrations Cd, Ni and Zn metals between the sampling
sites and insignificant (at p < 0.5)  in concentrations of Cr, Cu and
Pb, Table 4. The significant differences suggest that there are local
pollution sources in the study area. 3DField software was used to
construct spatial distribution maps and to assess the potential
sources of enrichment and to identify hotspots with high metal
concentrations  in  the  urban  soils  of  the  study  area.  The  spatial
distribution maps of Cd, Cr,  Cu, Ni,  Pb, and Zn are presented in
figures  2,  3,  4,  5,  6,7,  respectively.  Several  hotspots  (positive
anomalies ) of metal concentration were identified by the geo-
chemical maps. In these maps, Cd showed high anomalies ( hot
spots)  at  sampling  sites   S1  and S11  and low anomaly  at  S8.  Hot
spots of Zn  locate at S4 and S14 with minimum concentration in
S5. The geochemical map of Ni showed that there is a hot spot at
S14  with  minimum  concentration  at  S6.  The  spatial  distribution
maps of Cr, Cu and Pb did not any hot spots and reflect distribu-
tion patterns are different from those for Cd, Ni and Zn. This re-
sult confirmed the results of Pearson's correlation analysis men-
tioned above.
3.3 Pollution assessment
The enrichment factor for heavy metals in urban gardens soil in
Baghdad City was listed in Table 5. The mean values of EF for Cd,
Cr, Cu, Ni, Pb and Zn are 231.35, 0.25, 2.59, 3.01, 0.27 and 1.29,
respectively.  EF  value  less  than  1.5  suggests  that  metal  has  litho-
genic origin while EF greater than 1.5 indicates to anthropogenic
origin [41].  The mean value of EF for Cr,  Pb and Zn are less than
1.5 This result suggests that Cr, Pb and Zn contents in gardens
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Fig. 2. Spatial distribution map of Cd metal in Baghdad gardens soil.

Fig. 2. Spatial distribution map of Cd metal in Baghdad gardens soil.

Fig. 3. Spatial distribution map of Cr metal in Baghdad gardens soil.

Fig. 4. Spatial distribution map of Cu metal in Baghdad gardens soil.

Fig.5. Spatial distribution map of Ni metal in Baghdad gardens soil.

Fig. 6. Spatial distribution map of Pb metal in Baghdad gardens soil.

Fig. 7. Spatial distribution map of Zn metal in Baghdad gardens soil.
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Table 4.  ANOVA results  of heavy metals concentrations in gardens soil
in Baghdad City.

Table 5. Enrichment factor (EF) for heavy metals in Baghdad gardens
soil.

soil were added from lithogenic sources. According to the classifi-
cation  conducted  on  the  basis  of  EF,  soils  in  Baghdad urban gar-
dens are extremely high contaminated with Cd and moderately
contaminated with Cu and Ni. Cd is typical anthropogenic metal
affected by human activities [42] and showed severe enrichment.
In this current study, traffic emission, industrial emission and may
be phosphate fertilizer are anthropogenic sources of Cd.
The  IPLI  values  for  heavy metals  in  urban  gardens  soil  in  Bagh-
dad City  are  listed  in  Table  6.  The  PLI  mean value  of  Cd in  gar-
dens  soil  of  Baghdad  City  was  46.57  which  indicated  high  con-
tamination  level.  The  PLI  values  for  Cr,  Cu,  Ni,  Pb  and Zn were
less than 1 indicating low contamination level. Table 5 shows that
IPLI values were more than 2 for all heavy metals and for all
sampling sites. According to IPLI values, gardens soils in Bagh-
dad City are high contaminated with heavy metals.
Table  7  showed the  Igeo values for metals in Baghdad urban gar-
dens soil. The Igeo values are less than zero for Cr,  Cu, Ni,  Pb, Zn
and more than zero for Cd indicating that the Baghdad gardens
soils are uncontaminated by  Cr,  Cu,  Ni,  Pb  and  Zn  and  is  ex-
tremely contaminated by Cd.
4 Conclusions
In this study, we investigated the levels, distribution and pollution

assessment of heavy metals including Cd, Cr, Cu, Fe, Ni, Pb and

Table 6. Pollution Load Index (PLI) and Integrated Pollution Load Index
(IPLI) values for heavy metals in Baghdad gardens soil.

Table 7. Geoaccumulation index (Igeo) values for heavy metals in Bagh-
dad gardens soil.

Table 7. Geoaccumulation index (Igeo) values for heavy metals in Bagh-
dad gardens soil.

Zn,, in urban gardens soils in Baghdad City. The results shows
that the mean concentrations of Cd and Ni are higher than the
USEPA guidelines whereas the other metals (  Cr,  Cu, Ni ,  Pb and
Zn). According to USEPA guidelines, the gardens soils in Bagh-
dad City are polluted by Cd and Ni. The correlation analysis of
mean concentrations showed good positive correlations among
Cd-Cu, Cd-Zn and Zn-Cr suggesting that these metals have
common sources. ANOVA showed that there were significant
differences (at p < 0.5)  in concentrations Cd, Ni and Zn metals
between the sampling sites suggesting local pollution sources in
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the study area. The geochemical maps of Cd, Ni and Zn showed
that there are several high anomalies (hot spots) at some sampling
gardens. Contamination assessment based on pollution load in-
dex (PLI) and geoaccumulation index (Igeo), showed that the gar-
dens  soils  in  Baghdad City  are  contaminated  by   Cd and unpol-
luted by Cr,  Cu, Ni,  Pb and Zn. The EF values indicated that the
soils in Baghdad urban gardens are extremely high contaminated
with Cd and moderately contaminated with Cu and Ni. The IPLI
values suggests that gardens soils in Baghdad City are high con-
taminated with heavy metals. The anthropogenic sources of Cd in
Baghdad gardens soils are traffic emission, industrial emission
and may be phosphate fertilizer.
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