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ABSTRACT

Soil samples were collected from three land use types within Baghdad urban areas. The samples analyzed for Cd, Cr,
Cu, Fe, Mn, Ni, Pb and Zn indicated higher concentration of Cd, Cr, Cu, Fe, Ni, Pb and Zn in the industrial area, while
higher concentration of Mn was observed in the residential areas. However, the concentration of Cd, Ni and Pb was
higher than the calculated worldwide mean of unpolluted soil. For both roadside and open areas soils, industrial area
exhibited high values of Cd, Ni and Pb. The highest Single Element Pollution Index (SEPI) for Cd, Ni and Pb in the
industrial soils seems therefore to be that this type of soil is the most polluted in the city of Baghdad. The calculated
Combined Pollution Index (CPI) for Cd, Ni and Pb ranged from 0.98 to 2.15 with a mean of 1.28 for the entire urban
soil samples, with the highest values in the industrial area which suggest multi-element contamination and in some
cases are recommended for treatment. Furthermore, significant to extremely high values of enrichment factors were

recorded confirming an important role of anthropogenic pollution.
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1. Introduction

As the urban area has high population density and inten-
sive anthropogenic activities, it is reported that urban sur-
faces receive deposits issued from more or less remote
sources such as vehicle emissions, industrial discharges,
energy production, waste disposal, and other human an-
thropogenic activities [1-4].

Urban soil is an important component of the urban eco-
system [5], and can be considered both as a sink of pollu-
tants and a source of pollution with the capacity to trans-
fer pollutants to groundwater, into the food chain and
into the human body [6-8]. Thus, urban soils were used
as an indicator of urban environmental quality [9]. More-
over, in urban soil influences both the quality of life and
the health of people [10]. Therefore, it is indubitable that
heavy metal concentrations in urban soils are signifi-
cant environmental issue.

It is reported that heavy metals are the most common
contaminants in the urban soil that may come from va-
rious anthropogenic activities [11,12]. The interest in the
characteristics of urban soils has increased greatly in the
last two decades, and investigations of urban soils in many
cities around the world have reported elevated concen-
trations of heavy metals in general [13-18].

Surveys on the distribution and concentration of heavy
metals in the urban soils are important for planning mana-
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gement strategies to achieve better urban environmental
quality and to control the risk associated with the exces-
sive increase of heavy metals in the environment. Fur-
thermore, such knowledge could be used for making ac-
curate risk assessments concerning human health and
long-term ecological effects, for setting limit values of
heavy metals and for identifying priorities concerning the
remediation of contaminated sites [19]. However, the
available information on heavy metals in urban soil is
generally insufficient in Iraq. Therefore, the present work
was planned with an aim to study the level of Cd, Cr, Cu,
Fe, Mn, Ni, Pb and Zn in the urban soil resulting from
different land use patterns, and to assess the degree of
heavy metals contamination.

2. Materials & Methods

The Capital of Iraq Baghdad City (33°14'-33°25'N,
44°31'-44°17'E), is located in the Mesopotamian alluvial
plain. Tigris River divides the city into a right (Karkh)
and left (Risafa) sections with a flow direction from north
to south (Figure 1). It is characterized by arid to semi
arid climate with dry hot summers and cold winters; the
mean annual rainfall is about 151.8 mm [20]. For the
purpose of collection of soil samples, the study area was
divided in three main types of land use viz. residential,
commercial, and industrial; and two main source areas
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Figure 1. Map of Baghdad City.

within each land use type viz. roadside and open areas.
Control soil sample was collected from a rural soil area.
Soil samples were collected two times in a year during
summer and winter seasons during 2009 and 2010.

Twenty soil samples (0 - 20 cm) were carefully col-
lected from each source area in different land use types
with a stainless steel spatula. They were air-dried in the
laboratory, homogenized and sieved through a 2-mm po-
lyethylene sieve to remove large debris, stones and peb-
bles, after they were disaggregated with a porcelain pestle
and mortar. Then these samples were stored in clean self-
sealing plastic bags for further analysis. pH for all sam-
ples was measured in a soil distilled water suspension in
the ratio (w:v). sample (1): distilled water (2.5) by a
calibrated pH meter [21]. Soil samples were wet-digested
using a combination of HCIO, and HNO; [22]. Metal
determinations were done by Atomic Absorption Spec-
trometry (AAS 6300, Shimadzu, Japan).

3. Results & Discussion

Table 1 summarizes the results for the heavy metals con-
tent in the soil samples. With some exceptions, all the
measured parameters have mean values in excess of m-
edian values and high standard deviation reflecting posi-
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tively skewed distribution and a high degree of variation.
An explanation of the observed metals follows with the
term concentration referring to median concentration,
wherever employed.

3.1. Effect of pH

Various physico-chemical and biological factors control
the mobility of metals in soils [23]. They suggested that a
change in pH results in a transfer of element from one
phase to another and thus permits the estimation of mo-
bility of heavy metals in the soil. The results show that
urban soil pH, ranging in a narrow interval (7.79 to 7.80),
suggests that urban soil is mostly in neutral to sub-alka-
line condition, which can be attributed to the high con-
tent of carbonate, ash and cinders of anthropogenic origin
[24,25], and could be partly explained by extraneous
materials such as bricks and construction debris included
in the soil that could increase the pH [26]. The neutral to
sub-alkaline condition of the urban soil may be related to
the alkali components in the atmosphere which can
eventually deposit on the ground and affect the soil pH
[27]. Urban soil with an alkaline reaction was observed
to be quite common [28,29]. The soil pH seems to have
higher effect on the solubility or met als retention in soil;
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Table 1. Statistical summary of soil-quality data.

Roadside soil

Open area soil

§ Min. Max Median Mean 3;3?3?;?1 Min. Max Median Mean g;i?;?;i
Residential land use
pH 6.89 8.34 7.79 7.71 +0.38 6.79 8.34 7.79 7.71 +0.39
Cd ND 0.85 0.24 0.29 +0.24 ND 0.80 0.14 0.23 +0.22
Cr 8.58 37.26 21.98 23.09 +7.20 11.04 44.55 23.58 26.46 +7.35
Cu 7.30 26.16 20.70 20.02 +5.07 9.30 26.14 21.12 20.32 +5.83
Fe 1013.13 2998.41 1716.89 1980.87 +492.00 1011.54 2977.93 1703.44 1902.58 +526.31
Mn 79.00 581.32 321.14 342.15 +119.44 89.00 541.17 321.14 331.23 +114.43
Ni 39.20 155.70 79.18 86.76 +84.80 39.18 136.50 77.88 80.42 +29.71
Pb 25.34 400.60 62.70 87.06 +84.79 25.34 450.60 65.44 94.90 +97.20
Zn 13.70 149.74 44.04 51.24 +30.19 15.78 78.00 42.15 46.51 +20.10
Commercial land use
pH 6.98 8.30 7.80 7.74 +0.37 6.92 8.22 7.80 7.74 +0.37
Cd 0.03 1.00 0.50 0.45 +0.29 ND 0.90 0.35 0.40 +0.28
Cr 8.23 39.76 22.72 24.21 +7.86 10.40 49.14 25.72 28.27 +8.52
Cu 12.72 27.28 21.37 20.80 +4.51 11.36 37.45 20.16 21.16 +7.11
Fe 884.73 2681.04 1721.45 1910.41 +497.65 1305.81 2884.73 1912.74 1989.78 +380.18
Mn 153.26 589.76 302.47 316.36 +88.13 100.60 470.60 302.47 298.89 +78.65
Ni 36.09 112.2 72.63 72.76 +22.85 36.09 110.15 78.67 76.85 +22.95
Pb 27.27 512.71 79.14 110.30 +105.49 37.32 682.71 77.30 103.81 +123.37
Zn 18.94 243.98 51.22 68.88 +49.79 22.87 101.60 45.24 60.09 +25.37
Industrial land use
pH 6.78 8.31 7.80 7.71 +0.39 6.67 8.21 7.80 7.70 +0.39
Cd 0.05 1.86 1.05 0.94 +0.47 0.04 1.96 1.05 0.93 +0.49
Cr 20.38 54.18 31.65 32.69 +7.35 21.98 62.72 32.92 35.24 +8.93
Cu 14.29 47.25 23.97 24.58 +5.92 13.25 54.25 23.10 24.92 +10.71
Fe 1422.56 3133.44 2424.34 2314.89 +413.84 1327.50 223343 2423.20 2284.12 +443.37
Mn 98.92 759.76 306.29 322.20 +112.37 86.54 659.00 300.89 307.83 +110.21
Ni 38.09 140.20 80.68 80.82 +25.74 63.42 139.18 85.32 88.63 +24.27
Pb 26.13 600.60 127.27 156.14 +129.99 32.34 690.60 79.14 131.68 +125.46
Zn 41.00 388.38 81.30 94.92 +72.50 38.00 213.00 81.30 86.72 +45.64
ND: not detected, (pH measured with standard unit, all metals with mg/kg).
Copyright © 2013 SciRes. JEP
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the greater retention and lower solubility of metal occurs
at high soil pH [30].

3.2. Heavy Metals

The results of occurrence of the metals indicated that Fe
has emerged as the dominant metal, while Cd has the
lowest concentration in soil in all types of land use and
source areas. It is observed from the residential roadside,
open area and commercial open area soil that the median
values of the metals followed the sequence: Fe > Mn > Ni
> Pb > Zn > Cr > Cu > Cd, while the median values of the
metals in the commercial roadside follow the same order
except Pb which has values higher than Ni. The industrial
roadside soil followed the sequence: Fe > Mn > Pb >Zn >
Ni > Cr > Cu > Cd, whereas the industrial open area soils
followed the same order except Ni and Zn which have
higher values than Pb. From all the data it can be noted that
residential soils followed the order: Fe > Mn > Ni > Pb> Zn
> Cr > Cu > Cd, whereas the metals in the commercial
and industrial areas followed the same order except for
the Pb which has a higher median values than Ni.

A comparison of metal concentration in soil among
various types of land use indicated that higher con-
centration of Cd, Cr, Cu, Fe, Ni, Pb and Zn was ob-
served in the industrial area, while higher concentration
of Mn was observed in the residential. A look at Table 2
also indicates that roadside and open area soil in the
industrial land use display higher values for most of the
metals. This reflects a significant impact of industrial
activities on the local environment [1,3]. A brief dis-
cussion about individual metals follows:

Cadmium: Some metals, such as Cd, accumulate in
the human body over a long period of time so that nega-
tive effects may appear only after a long period of
chronic exposure. Cd is highly mobile and toxic, which
means that the few maxima found are critical values [31].
The Cd content varies from 0.14 to 1.05 mg/kg. The ob-
served values in the industrial roadside and open areas
soils exceed the calculated worldwide mean of non-pol-
luted soil (0.53 mg/kg) reported after analytical surveys
[32]. Concentrations above 0.5 mg/kg could reflect the
influence of the human activity [33]. Human activity can
contribute to increased Cd levels as a result of urban-
industrial activity and/or agricultural practices [34].

The Cd content in all soil samples was also observed
to be 8.8 times higher than the values in rural soil, which

contains lower amount of Cd (0.05 mg/kg). It was re-
ported that inputs of Cd into soils maybe of different
origins such as agricultural amendments, sludge and at-
mospheric deposition [35]. Cadmium has a wide range of
uses in the industry, including paints, pigments, elec-
troplating and plastic stabilizer [36] and many anthropo-
genic activities can increases soil Cd to the levels well
above background levels, such as the application of solid
waste from industries and home and sewage sludge,
wastewater irrigation and phosphate fertilizer application
had resulted in the release of significant quantities of Cd
to the environment [37].

Chromium: Cr is a low mobility element, especially
under moderately oxidizing and reducing conditions and
near-neutral pH values. Cr®" adsorption decreases with
increasing pH, and Cr’* adsorption increases with in-
creaseing pH. On the other hand, Cr (VI) is toxic for
biological systems [32]. Variety of small large scale in-
dustrial activities e.g. metal plating, anodizing, dyes, pig-
ments, ceramic, glues, tanning, wood preserving and tex-
tiles are reported to contribute Cr [35].

The Cr content varies from 21.98 to 32.92 mg/kg. The
observed values were below the average value from the
world literature (84.0 mg /kg) [35] and also less than the
reported world scale of unpolluted soils (83.0 mg/kg)
[32]. However, Cr median values in the all study area
soil samples were observed to be 1.6 times higher than
chromium content in the rural (control) soil (17.33 mg/kg)
suggesting possible sources of Cr in the urban area. The
normal Cr range in calcareous soils is 5 to 16 mg/kg
[32,33]. However, the clay-rich soil can increase the
normal contents of Cr in soils [35].

Copper: Cu is used in numerous applications because
of its physical properties. The toxicity for humans is not
very high [38]. Cu normally accumulates in the surface
horizons, a phenomenon explained by the bioaccumula-
tion of the metal and recent anthropogenic sources.

The observed values of the Cu content did not exceed
the normal threshold value prescribed in soil (20 - 30
mg/kg) [35], and also is within the typical world scale of
non-polluted soil (24 mg/kg) reported by Kabata-Pendias
& Pendias [32]. Cu concentration in the all soil samples
was 1.9 times higher than the Cu concentrations in the
rural soil (11.18 mg/kg). Contribution of Cu may be en-
visaged from dumping or accumulation of solid waste,
application of fungicides, live stock manures, sludges and

Table 2. Effect of land use on metal occurrence.

Roadside soil Metals

Open area soil Metals

IN>CO>RE Cd, Cr, Cu, Fe, Pb, Zn
IN>RE>CO Ni
RE>IN>CO Mn

IN>CO>RE Cd, Cr, Fe, Ni, Pb, Zn
IN>RE > CO Cu
RE>CO >IN Mn

RE: Residential, CO: Commercial, IN: Industrial

Copyright © 2013 SciRes.
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atmospheric deposition [35].

Iron: There is no limit to the concentration of iron in
soil because it is abundant in soil. Iron was found to be in
high concentrations in most of the soil samples. This can
be attributed to the soil in the investigated area being rich
in iron.

Manganese: The Mn content varies from 300.98 to
321.14 mg/kg. The observed values were also less than
the reported average of unpolluted soil (525 mg/kg) [32].
Comparison with Mn content in the rural soil indicated
that Mn concentration in the study area soil samples was
observed to be 1.7 times higher than Mn content in the
rural soil (182.15 mg/kg).

Nickel: Ni is widely used in electroplating and in the
manufacture of batteries. Its toxicity for human beings is
not very high, but it can cause respiratory diseases [38].

Ni content varies from 72.63 to 85.32 mg/kg. The ob-
served values are higher than the world average concen-
tration of Ni in soil which is around 20 mg/kg [35]. Re-
sults exceed the calculated world mean of unpolluted soil
(34 mg/kg) [32]. Further, considering the analyzed values
of rural (control) as 35.75, indicated than Ni median
concentration in the all samples of the study areca was
observed to be 2.2 times than Ni content in the rural soil.
It is evident that local solid waste and anthropogenic ac-
tivities such as burning of fuel contribute to the increase
in Ni content in the soil of the study area. It may be noted
that many domestic cleaning products, e.g. soap, 100 -
700 mg Ni/kg; powdered detergents, 400 - 700 mg Ni/kg
and powdered bleach, 800 mg Ni/kg, may prove to be
important sources of Ni in the urban soils [35].

Lead: Pb is relatively low mobile element, but its mo-
bility is restricted by tendency for adsorption to Fe-Mn
oxides and insoluble organic matter. Lead is more active
by formation of soluble organic complexes, or anionic
complexes. It can enter the environment during numer-
ous activities (mining, smelting, and manufacturing) and
it can be very toxic for human health [38]. The species of
Pb vary considerably with soil type; it is mainly associ-
ated with clay minerals, Mn oxides, Fe and Al hydrox-
ides and organic matter. In some soil types, Pb may be
highly concentrated in Ca carbonate particles or in phos-
phate concentrations [32].

The Pb content varies from 62.70 to 127.27 mg/kg.
The observed values, although are higher than the calcu-
lated world average of unpolluted soils (44.0 mg/kg) [32],
and are also higher than the observed values in the rural
(control) soil (18.8 mg/kg). Deposition related to trans-
portation sector in general (considering the long resi-
dence time of Pb) may be the major source of increase in
Pb content in urban soil [39-40]. It is known that lead
containing dust particles have a relatively short residence
time in the atmosphere, and deposit quickly in the near
vicinity of the road, hence contributing to further accu-
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mulation of lead on the roadside soil surface [41]. Pb has
been shown to accumulate to high levels in urban envi-
ronments from a range of sources including that derived
from leaded petrol [42].

Zinc: Zn concentrations in soils are generally associ-
ated with Zn sulfide ores, Fe-Mn oxides, and mafic min-
erals such as hornblends and biotite, and chalcophile
elements such as Cu and Pb in base metal and precious
metal deposits [43]. Environmental contamination of Zn
is mainly related to anthropogenic input. The anthropo-
genic sources of Zn are related to industries and the use
of liquid manure, composted materials and agrochemi-
cals such as fertilizers and pesticides in agriculture [44].
Zn may be derived from mechanical abrasion of vehicles,
as they are used in the production of brass alloy itself and
come from brake linings, oil leak sumps and cylinder
head gaskets [45]. Some of the studies have also linked
high Zn levels in urban soils to accumulation from gar-
den fertilizing activities, traffic and industry input [40]
and also vehicle emissions and tyre and brake abrasion
[46].

The Zn content varies from 42.15 to 81.30 mg/kg. The
observed values were reportedly within the common
world range for total Zn concentrations in soil (10 - 300
mg/kg) [35], but are higher than the Zn content in rural
(control) soil (16.15 mg/kg). Kabata-Pendias & Pendias
[32] have reported the mean world Zn average for un-
polluted soil as 100 mg/kg.

The investigation of soil heavy metal concentrations in
roadside and open areas in the Baghdad City, Iraq, indi-
cated that the concentrations of Cd, Ni and Pb in the soil
often exceeded the calculated average mean for the world
scale of unpolluted soil reported by Kabata-Pendias &
Pendias [32]. Elevated concentrations of Cd, Ni and Pb
in soils are commonly due to anthropogenic inputs. In
fact, Cd, Ni and Pb soil pollution appears to be readily
affected by anthropogenic factors [47] and have adverse
effects on human health [48].

It has been stated that in general, soil pollution due to
accumulation of pollutants over the years is not as severe
as pollution resulting from accidental or deliberate spill
of industrial wastes, but atmospheric deposition can af-
fect large area, which depends on distribution of popula-
tion and industrial activities. Hence it is important for
regulatory agencies to focus their efforts on sources that
alter soil composition [49]. Taking into account the pau-
city of available published literature on presence of
heavy metals in urban soil, an attempt was made to com-
pare the concentration of the above three metals with
those from investigations conducted on soils of other ur-
ban areas (Table 3). Although this variation reflects the
influence of several factors e.g. variation in parent mate-
rial, soil association, traffic density and microclimatic
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Table 3. Comparison of heavy metal concentration data (mg/kg) in Baghdad urban area with other data from different towns,

median (mean).

City Land use Cd Ni Pb References
Aberdeen Road side - 16.00 173.00
Open area - 15.00 94.00 1
Bangkok General urban 0.15 (0.29) 23.0 (24.8) 28.90 (47.8) [15]
Hong Kong Urban park 2.18 - 93.40 [16]
Guangzhou Road side 0.279 (0.43) 18.26 (23.54) 79.35 (84.08) [29]
Urban park 0.52 (0.71) 29.01 (29.10) 146.47 (152.02)
Damascus General urban - 35.0 (39.0) 10.0 (17.0) [42]
Zagreb Urban 0.66 50.00 26.00 [44]
Antalya General urban 1.33 81.50 36.50 [49]
Oslo General urban 0.34 24.00 34.00 [50]
Stockholm City centre 0.33 10.60 135
All soils 0.27 15.80 79.00 B
Beijing General urban 0.19 25.87 39.50 [52]
Beijing Road side 0.22 26.70 35.40 [53]
Road side 0.50 (0.56) 78.66 (78.89) 83.70 (117.83)
Baghdad Open area 0.38 (0.52) 82.43 (81.97) 76.81 (110.13) This study
All soils 0.44 (0.54) 78.67 (80.44) 79.82 (113.98)
condition and nature of anthropogenic inputs etc. [46], follows:
yet it preseqts an interesting compa.lri.son. Noting that.nf)t metal content in soils
much work is reported on urban soil in Iraq, urban soil in SEPI = €))

Baghdad (both roadside and open area) exhibited lower
concentration of Cd than the reported values in Zagreb
and Antalya urban soil and urban park of Guangzhou and
Hong Kong, while urban soil in Baghdad area displays
lower values of Ni than in Antalya urban soil. It can also
observe that Baghdad urban soil exhibited lower values
of Pb than the reported values of urban soil in Aberdeen,
Stockholm and Hong Kong.

3.3. Quantification of Soil Pollution

Soil Pollution Index (SPI) may be used to quantify the
degree of pollution of urban soil with respect to back-
ground. In this study, SPI was calculated in two ways as
given below:

3.3.1. Single Pollution Index

An assessment index is generally applied to measure en-
vironmental quality of soil and one simple and well-
known index is the single element pollution index (SEPI)
which was used as evaluation methods and to identify
single-element contamination resulting in increased such
metal toxicity. The formula used to calculate SEPI is as

Copyright © 2013 SciRes.

permissible level of metal

The tolerable levels for soil suggested by Kabata-
Pendias & Pendias [32] and Kloke [54] were adopted as
permissible levels and each heavy metal was classified as
low contamination (SEPI < 1), moderate contamination
(1 < SEPI < 3) or high contamination (SEPI > 3) [12].

The SEPI value of Cd in urban soils varied from 0.73
to 3.5 (Table 4) which indicated low or high contamina-
tion level with an average of 1.47 for all soil samples
indicating moderate contamination level. All soil samples
in the industrial land use were heavily polluted by Cd,
but for roadside, open area were classified as moderate
contamination level. The SEPI value of Ni ranged from
1.51 to 1.71 indicating moderate contamination with Ni.
The SEPI value for Pb varied from 0.63 to 1.25 suggest-
ing low to moderate contamination with Pb. The highest
SEPI for Cd, Ni and Pb in the industrial area secems
therefore to be that industrial soil is the most polluted in
the study area.

3.3.2. Combined Pollution Index
It is generally agreed that most heavy metal contami-

JEP



78 Heavy Metal Contaminations in Urban Soil within Baghdad City, Iraq

Table 4. Single element pollution index values.

Table 5. Combined pollution index values.

Metals Source area/ Land use Pollution index values
Source area/ Land use

Cd Ni Pb Roadside soils 1.36
Roadside soils 1.67 1.57 0.84 Open area soils 1.23
Open area soils 1.27 1.65 0.77 Residential area 0.98
Residential area 0.73 1.57 0.63 Commercial area 1.31
Commercial area 1.63 1.51 0.77 Industrial area 2.15
Industrial area 3.5 1.71 1.25 All urban soil samples 1.28

All urban soil samples 1.47 1.57 0.79

nation in the surface environment is associated with a
mixture of contaminants rather than one metal contami-
nant [55]. Thus, the concept of a combined pollution in-
dex (CPI) which was used as another commonly evalua-
tion methods of heavy metal accumulation and to iden-
tify multi-element contamination resulting in increased
over all metal toxicity [56]. The CPI is calculated by the
average ratio of metal concentrations in soil to assumed
permissible level and was then classified as low (CPI <
1), middle (1 < CPI < 2) or high (CPI > 2) [12]. Further-
more, If CPI < 1, it shows that there is no heavy metal
accumulation in soil. If CPI > 1.0, it means that there is
heavy metal accumulation in soil. The higher the CPI is
the more serious heavy metal accumulation in soil. The
tolerable levels for soil suggested by Kabata-Pendias &
Pendias [32] and Kloke [54] were adopted as permissible
levels and pollution index was calculated as:

Combined Pollution Index (CPI)

__metal content in soils/permissible level of metal @)

number of metals

The value of CPI more than 1 indicates that metal
concentrations are above the hazard criteria, the permis-
sible level and exhibits a multi-contaminated element by
anthropogenic inputs and soil recommended for treat-
ment and continuous environmental monitoring of the
area, whereas value less than 1| indicates that average
levels of metals are below the selected standards but does
not necessarily indicate that there are no anthropogenic
sources or other enrichment over background, and sug-
gested singular metal contamination [55].

A look at Table 5 shows that CPI is higher than 1 in
all cases (with exception of residential land use) with
extent of contamination being more in the case of road-
side soil than the open area soil and industrial area than
commercial and residential areas reflecting that roadside
soil and industrial and commercial areas are more pol-
luted by the heavy metals in the urban environment due
to anthropogenic sources. Thus, it is very likely that
many urban soils in Baghdad city are moderately or high-

Copyright © 2013 SciRes.

ly polluted with heavy metals.

3.3.3. Soil Enrichment Factors
In this study enrichment factor was used to assess the
level of contamination and the possible anthropogenic
impact in Baghdad urban soils. Thus to determine the re-
lative degree of metal contamination, comparisons were
made to background concentrations in the earth’s crust
using Fe as reference element following the assumption
that its content in the crust has not been disturbed by an-
thropogenic activity, and it has been chosen as the ele-
ment of normalization because natural sources (98%)
vastly dominate its input [57]. The earth’s crust data of
Riley and Chester [58] were used. Deely and Fergusson
[59] proposed Fe as an acceptable normalization element
to be used in the calculation of the enrichment factor
since they considered the Fe distribution was not related
to other heavy metals. The process of standardization
helps in evaluating the anthropogenic component over
and above the natural component. The EFs were calcu-
lated according to the equation generalized from Zoller et
al. [60]:
C/Fe
/ (sample) (3)

EFs = C/Fe(

carth's crust )

where EFs is the enrichment factor, C/Fe (ample) is the
ratio of metal and Fe concentration of the sample and
C/Fe(earths crusty 18 the ratio of metals and Fe concentration
of the earth crust. Five contamination categories are rec-
ognized on the basis of the enrichment factor: EF < 2
states deficiency to minimal enrichment, EF = 2 - 5
moderate enrichment, EF = 5 - 20 significant enrichment,
EF = 20 - 40 very high enrichment and EF > 40 ex-
tremely high enrichment [61].

It can be noted that the EF values significantly higher
than 1 indicate an origin of heavy metals and may not
come from the local soil background but other natural
and/or anthropogenic sources in urbanized areas, include-
ing vehicle emissions, industrial discharges and other ac-
tivities [1-3].

The EF results are presented in Table 6. Normally, as

JEP



Heavy Metal Contaminations in Urban Soil within Baghdad City, Iraq 79

Table 6. Enrichment factors against earth’s crust.

Residential land use

Commercial land use

Industrial land use

Metals
Roadside Open area Roadside Open area Roadside Open area
Cd 20.45 12.03 42.50 26.77 63.37 63.40
Cr 3.75 4.05 3.86 3.94 3.82 3.98
Cu 6.42 6.60 6.61 5.61 5.26 5.51
Mn 5.76 5.81 5.41 4.87 3.89 3.82
Ni 17.99 17.84 16.46 16.05 12.99 13.74
Pb 85.50 89.94 107.63 94.61 122.90 76.46
Zn 10.72 11.34 12. 44 9.89 14.02 14.03

the EF values increase, the contributions of the anthro-
pogenic origins also increase. Therefore, the high values
of EF (3.75 - 122.90) show that the significant heavy
metal pollution was likely to originate from the anthro-
pogenic activities. Furthermore, the results of EF indi-
cated that the urban soils of the study area were highly
enriched with metals such as Pb which was observed to
show extremely high enrichment, and Cd exhibit very
high to extremely high enrichment, while Cu. Mn, Ni and
Zn were observed to show significant enrichment.

It can be concluded from Table 7 that Pb followed by
Cd was the most serious enriched heavy metals in the
Baghdad urban soils. Lead is well known to be one of the
less mobile elements in soils, which could explain the
high values still found in urban soils. Moreover, among
the metals considered for this study, it is the most toxic
for humans, so the risks of its potential entry in the food
chain must be carefully considered [4].

Atmospheric pollution is one of the major sources of
heavy metal contamination. Heavy metals can accumu-
late in topsoil from atmospheric deposition by sediment-
tation, impaction and interception. The persistence of
heavy metals in soils is a long process [13,35].

4. Conclusions

The following conclusions have been drawn after proc-
essing the data generated from an extensive fieldwork:

1) The investigation of soil heavy metal content in
roadside and open areas in the Baghdad City indicated
that the concentrations of Cd, Ni and Pb often exceeded
the calculated average mean for the world scale of un-
polluted soil.

2) The result of SEPI indicated that all soil samples in
the industrial land use were heavily polluted by Cd while,
for roadside, open areas were classified as moderate
contamination.

3) The SEPI values indicated moderate contamination
with Ni, while SEPI values of Pb suggesting low to mo-
derate contamination with this element. The highest SEPI
for Cd, Ni and Pb in the industrial soils seems therefore
to be that this type of soil is the most polluted in the

Copyright © 2013 SciRes.

Table 7. Pattern of heavy metal contamination in decreas-
ing order by EF methods.

Source

Land use Pattern
areas
Roadside Pb>Cd> Ni>Zn> Cu> Mn > Cr
Residential
Open area Pb > Ni> Cd > Zn > Cu > Mn >Cr
Roadside Pb>Cd>Ni>Zn>Cu>Mn>Cr
Commercial
Open area Pb>Cd>Ni>Zn> Cu>Mn > Cr
Roadside Pb > Cd>Zn> Ni> Cu>Mn>Cr
Industrial
Openarea Pb>Cd>Zn>Ni> Cu>Cr>Mn
study area.

4) The results of CPI suggest multi-element contami-
nation and in some cases are recommended for treatment.

5) Pb followed by Cd was the most serious enriched
heavy metals in the study area soils. However, Signifi-
cant to extremely high values of enrichment factors were
recorded confirming an important role of anthropogenic
pollution in the soil of the study area.

6) The distribution of the metal concentration of the
urban soil indicated that the industry together with the
traffic were mainly responsible for metal pollution. How-
ever, these findings indicate that more attention should
be paid to heavy metal pollution in the urban soils of
Baghdad City. Further work is needed not only to assess
the spatial distribution of metals in the urban soil but also
more intensive sampling of that area needs to be carried
out.
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