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Abstract

This study aims to use the pollution index (PI) and integrated pollution index (/P]) to evaluate the heavy metals in the urban
soil in Kirkuk governorate at north part of Iraq. The pollution indices are powerful tools for assessing the eco-toxicity which
is very important issue that influences the ecosystems and human health. The heavy metals (Cr, Co, Ni, Cu, Zn, As, Ag, Cd
and Pb) were investigated in soil samples collected from various land use categories including residential (RE), commercial
(CM), industrial (IN), green space (GS), open space (OS) and roadside (RS). Heavy metals are distributed in the urban soils
with content that has a range less than the average geochemical background, but exceeded the background by maximum
values. High concentration of Ni, Cr and Co is observed in residential and open space soils. The integrated pollution index
revealed that the industrial soil is highly polluted, roadside, commercial, and residential soil categories are of middle pol-
lution level, whereas low pollution level was recorded only in the open and green space soils. Lead, silver, and zinc appear

to be linked with industrial sources.
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Introduction

The term urban geochemistry describes the interface
between environmental geochemistry and urban pollution
(Thornton 1991), whereas the interactions between chemical
elements and their compounds refer to urban environmental
geochemistry. Soils in urban areas are affected by human
activities, such as industry, transportation and housing as
well as growing population growth. The urban soil repre-
sents not only as a sink of pollutants, but also as a source of
heavy metals and contamination (Lu and Bai 2010). Heavy
metals threaten both of human health and environmental
safety (Baran and Wieczorek 2015) through the emis-
sion of chemical and toxic elements from the industrial
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agriculture and transportation activities (Wuana and Okiei-
men 2011). The behavior of heavy metals and impact on
the quality of urban soil are not clear, due to the intense
underground heterogeneity caused by strong anthropogenic
activity and land use changes (Custodio 1997; Vidal et al.
2000; Grzebisz et al. 2002; Wong et al. 2006; Mohrlok and
Schiedek 2007; Boschetti et al. 2014; Flem et al. 2017).
Kirkuk city is located in the north of Iraq and considered as
an oil-rich province (Abdur-Rakib and Bhuiyan 2014). The
main manufacturing sectors in Kirkuk city are cement plant
and oil refining plant. Airborne pollutants such as cement
dust, vehicle exhausts and burning oil trash contribute to
soil pollution. Most previous studies focused directly on
the geochemical values for describing the pollution level.
Anomalous concentrations of some heavy metals in the
industrial quarter soils at Kirkuk city have been pointed out
by Al-Jumaily (2009). The vehicle exhausts and oil trash
burning were a source participated in rising some heavy
metals in soil of Kirkuk city (Mohammed 2009). The Kirkuk
Oil Refinery as source of air pollution impacted the soil of
Kirkuk city with heavy metals and some organic compounds
as well (Al-Dabbas et al. 2012). However, and generally, the
geochemical background values of trace elements in Iraqi
soils and recent sediments are high and tend to form positive
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anomalies (Al-Bassam and Yousif 2014). Over the past 2
decades, the population growth in Kirkuk city was increased,
on an average, by 3% per annum. The population growth is
expected to enhance from 1,050,000 in 2008 to 1,445,556 in
2020 (Omar et al. 2014). Consequently, the quantity of solid
waste may increase with increasing population growth. In
2011, the generated daily waste is about 1000 tons, whereas
may reach to 1200 tons in 2021 (Mustafa et al. 2013). These
contributions may influence on soil quality. Approximately,
90% of the world’s population growth living in urban cent-
ers is estimated to occur in Africa and Asia, which currently
stays mostly rural. Unplanned and rapid growth of cities has
often led to unsustainable consumption of natural resources,
pollution, and other toxic environmental impacts. For this
reason, there is need to understand the sources, transport,
transformations, human health impacts, and fate of chemi-
cals in urban environments and their effect on the ecosystem.
Six land use categories were targeted by this study: residen-
tial (RE), commercial (CM), industrial (IN), green space
(GS), open space (OS) and roadside (RS) areas (Fig. 1). This

research focuses on assessment the pollution level of heavy
metals (chromium, cobalt, nickel, copper, zinc, arsenic, sil-
ver, cadmium and lead) in the urban soil and identifies fac-
tors controlling pollutants using pollution index (PI) and
integrated pollution index (/PI).

Location and surface geology

The urban area of Kirkuk city is located 250 km north
of Baghdad, the capital city of Iraq. Geographically, the
study area is located in the northwestern part of Lailan
sub-basin between latitudes 35° 23.099'N-35° 30.416'N
and longitude 44° 19.688'E-44° 26.289'E, spreading over
an area of 101.14 km? (Fig. 1). The height of the study
area is 329 m above sea level, the highest altitude (374 m)
is in the northern part and the lowest elevation (294 m) is
in the southern part. It has one hydrologic feature which is
an ephemeral river named Khassa River. The study area as
shown in Fig. 2 is covered by several geological outcrops
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Fig. 1 Sampling sites with different depths (surface soil (a) and profile soil (s) in different land use categories in the study area
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Fig.2 Geological map showing
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of ages extended from Middle Miocene to the Recent.
Accordingly, the cover lithology is varied. Anhydrite,
gypsum and salt, interbedded with limestone and marl,
are the main lithology composed of the Fat’ha Formation
(M. Miocene). Successive beds of the Injana Formation
(U. Miocene) with 900 m composed of gray sandstone
and red siltstone that are mostly attributed to continen-
tal source with few lenses of limestone and gypsum at
the lower part of the formation (Jassim et al. 1984) are
exposed at the north part of the study area. The northern
part of the study area is characterized by high permeabil-
ity due to the porous-exposed formation. Porous materials
are exposed represented by AL-Mukdadyia Formation (L.
Pliocene) which comprised of 2000 m thick sandstone,
mudstone, and gravel, with sequences of large conglomer-
ate masses (Jassim and Goff 2006), so, it is a main aquifer
in the study area. Pleistocene and Recent sediments with
a thickness of 120 m covered the main study area. Sheet
run-off sediments comprised of clay, silt and sand and less
gravels cover a flat area. Poorly cement Terraces River
along the Khassa River consist of gravels, sands and clays
cross the study area from the northeast to the southwest.

Materials and methods

Systematically, soil samples were collected with a density
of one sample per square kilometer and described based on
land use category including 75 surface samples, 15 subsoil
samples and 6 samples from rural soil. Surface soils were
taken from the uppermost layer of the soil profile (0-20 cm),
subsoil was taken from 35 to 50 cm depth and rural soil
samples were collected taking in consideration the prevalent
wind direction. The rural soil and subsurface soil denote as
a reference for the comparison with the urban surface soils.
Soil samples were collected using a stainless steel spade.
The agglomerates of soil samples were dismantled by a
plastic hammer, air dried, and then sieved through 0.5 mm.
The metal content may increase with decreasing particle
size of soil (Acosta et al. 2009), the samples were collected
from the uppermost layer of soil in which the significant
accumulation of heavy metals takes place at coarse fractions
(0.22-0.5 mm) (Maslennikova et al. 2012).

Samples ware digested at the laboratory of Soil Mechan-
ics in the Kirkuk Construction Lab. The microwave-assisted
aqua regia digestion method based on the method 3051A
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designed by U.S. EPA (2007) was used for sample diges-
tion. For this reason, samples were weighed to 0.1 g and
transferred to digestion vessels, which consisted of 10 mL
of aqua regia (HCI:HNO;, 3:1, v/v) (McGrath and Cunliffe
1995), and left to sit under reflux conditions (Abbruzzini
et al. 2014). The block was gradually heated from ambi-
ent temperature to 180 °C and the samples were processed
until 1 mL of acid remained. The digests were diluted by
10 mL of distilled water and filtered by cellulose filter paper
(pore diameter of 0.45 um). The average recovery rates of
heavy metals in the samples are Cr (89%), Co (90%), Ni
(96%), Cu (91%), Zn (94%), As (90%), Cd (89%) and Pb
(96%), and within the acceptable limits (Nemati et al. 2010).
The concentration of heavy metals (Cr, Co, Ni, Cu, Zn, As,
Ag, Cd and Pb) were measured using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS). The pH value of soil
samples was measured by adding 2 g of soil in a 50 mL
polycarbonate centrifuge tube contained 20 mL of deionized
water and shacked for 16 h (Howard et al. 2013), 20 °C, on
rolling table. Soil suspension was separated by high-speed
centrifugation for 30 min at 10,000 rpm. An electrode of
pH meter was inserted into the sample solution and taking
the measurement. Chemical analyses including soil pH were
conducted in the laboratory of Water Chemistry, Department
of Hydrogeology-TU Bergakademie Freiberg, Germany. For
the analytical accuracy, ICP multi-element standard solu-
tions I'V (23 elements in diluted nitric acid) 1000 mg/l: Ag,
Al, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, n, K, Li, Mg, Na,
Ni, Pb, Sr, Tl, and Zn were prepared with the same acid
mixture used for sample dissolution (U.S. EPA 2007; EPA
3051), and the analytical precision is reliable and is accept-
able as pH (96.2), Cr (95.3), Co (94.2), Ni (98.6), Cu (97.2),
Zn (97.2), As (96.1), Ag (94.1), Cd (92.8), and Pb (95.9)%
(Table 1). Maps in Figs. 1 and 2 were drawn using Arc GIS.

The upper thresholds are calculated according to median
values, standard deviation (STD) and median absolute devia-
tion (MAD) for all studied heavy metals. Upper threshold

values are determined using the formula of median +2MAD,
which is more suitable for estimating geochemical back-
ground ranges (Reimann et al. 2005). The assessment of
the soil quality was done by calculating the pollution index
(PI) for each heavy metal and an integrated pollution index
(IPI) for each sample. The PI was defined according to the
following formula:

PI = C,/B,, (1)
where C, (mg/kg) is the measured concentration of the
analyzed metal and B, is geochemical background for
the analyzed metal. The PI of each metal was calculated
and compared as either low if it has PI< 1, moderate if it
has 1< PI<3 or high contamination, if it has PI>3. The
IPI, which is a mean value of the PIs, is classified as low
(IPI<1), middle (1 <IPI<2) and high (IPI>2) pollution
levels (Chen et al. 2005). The climatic dataset over 30 years
for the period 1983-2013 were collected from the Kirkuk
Meteorological Station.

Wind direction helps to interpret the pollutant transport-
ing. The predominant wind direction was defined through
the wind rose diagram, by which the suitable sites for sam-
pling rural soil far from the impact of the oil trash burning
was determined.

Results and discussion
Pollutants and soil quality

The statistical results including minimum, maximum, mean
and median are inserted in Table 2. The median values were
used to compare the content of heavy metals in each soil
category with the global averages.

It is noted that median values of chromium in the urban
top soils are high (X 1.4) compared to the global aver-
age and ordered as RE>IN> GS > 0OS > CM > RS, the

Table 1 Analytical precision

X Parameters n STD Error Pat95%
results of the studied samples
1 2 3
pH (unitless) 7.21 7.42 7.48 0.14 3.85 96.2
Cr (ppm) 172.9 165.2 167.6 3.94 4.67 95.3
Co (ppm) 15.1 14.3 14.9 0.43 5.85 94.2
Ni (ppm) 1214 119.7 120.6 0.88 1.46 98.6
Cu (ppm) 21.2 20.8 21.3 0.26 2.48 97.2
Zn (ppm) 49.2 48.01 48.8 0.62 2.58 97.2
As (ppm) 6.8 6.52 6.71 0.13 393 96.1
Ag (ppm) 0.02 0.02 0.02 0.0007 591 94.1
Cd (ppm) 0.18 0.17 0.18 0.0065 7.17 92.8
Pb (ppm) 6.87 6.61 6.83 0.14 4.12 95.9

P precision, n number of analyses for the certain sample
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Table 2 Statistical results

Elements Statistics  RE CM IN GS oS RS Median urban  Global
of heavy metals of land use soil
categorigs compared to the (AV.)
global soil background

Cr (mg/kg) Min 873 612 471 704 879 63 47 80

Max 171 150 211 223 169 130 223
Mean 130 106 120 126 121 922 117
Median 138 105 120 119 116 872 115
Co (mg/kg)  Min 747 588 564 746 9.05 5.1 5 10
Max 129 131 124 144 143 843 14
Mean 107 9.62 985 11.7 123 648 10
Median 106 955 103 11.8 123 641 11
Ni (mg/kg) Min 586 517 404 709 743 35 35 20
Max 125 175 143 203 125 242 242
Mean 89 889 835 113 102 90.6 99
Median 88.7 831 835 103 104 586 96
Cu (mg/kg)  Min 162 14.1 182 138 154 127 13 25
Max 362 632 756 284 251 765 76
Mean 19.8 226 369 178 205 249 22
Median 179 187 289 175 207 199 19
Zn (mg/kg)  Min 403 351 40.7 324 394 456 32 70
Max 197 154 229 927 651 114 229
Mean 739 69.6 104 487 505 718 63
Median 60.1 598 733 434 49 67.5 52
As (mg/kg)  Min 345 3.03 306 272 422 26 2.6 5
Max 878 483 79 639 637 489 878
Mean 502 414 507 477 537 326 4.63
Median 4.64 424 444 472 527 313 462
Ag (mg/kg)  Min 003 003 003 002 003 003 0.02 0.07
Max 073 017 1.13 032 0.09 0.16 1.13
Mean 0.11  0.07 039 005 0.05 005 0.09
Median 005 005 008 003 0.04 004 0.04
Cd (mg/kg)  Min 0.15 014 0.2 0.1 0.11 0.1 0.1 0.3
Max 027 024 041 027 036 054 054
Mean 0.2 0.18 0.19 0.16 021 0.16 0.18
Median 0.2 0.17 0.16 0.16 0.2 0.13  0.17
Pb (mg/kg)  Min 754 651 632 518 7.9 921 5 17
Max 21.5 102 341 386 385 794 341
Mean 127 31.1 100 9.87 124 431 26
Median 122 215 515 817 101 408 11
pH Min 752 754 157 72 7.5 6.63  6.63 ND
Max 8.11 8.6 849 8.09 83 927 927
Mean 779 789 79 7.88 7.82 805 7.89
Median 7.8 7.89 778 793 781 806 79

2Reimann and De Caritat (1998)

marginal enrichment in RE areas is of anthropogenic
impact. Cobalt concentrations in the urban soil show mar-
ginal elevated relative to the global soils (X 1.1). The soil
categories are ordered as OS > GS >RE >IN >CM >RS
showing high content of cobalt exists mainly in OS and
GS relative to the other soil categories. Fossil fuel com-
bustion products are the source of cobalt in the OS areas

(Smith and Carson 1981); therefore, the burning of oil
trash in the Kirkuk oil refinery is one source of soil pollu-
tion. The addition of the cobalt-bearing sludge and phos-
phate fertilizers to the soil are potential sources for further
cobalt contamination in the GS, particularly close to the
Khassa River (Smith and Carson 1981), where the agri-
cultural area is irrigated by wastewater originated from
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the surrounding RE area. The median value of nickel in
the urban area is 4.8 times compared to the global soils.
The high content of nickel in OS and GS is resulted from
emissions of the oil trash burning and the irrigations of
local agricultural area using wastewater, particularly,
the areas close to the Khassa River. Regarding the cop-
per content, the soil categories have been arranged as
IN>OS >RS>CM >RE > GS indicating that the soil
of IN category has a higher content, while the low con-
tent has been recorded in the GS soil. The highest con-
tent of copper detected in the IN category is attributed to
the anthropogenic action originated from the automobile
workshops. The sources of Zn in the urban environment
particularly in IN and RS areas are mainly sourced from
the automobile tires that are lost to the road surfaces by
abrasion (Councell et al. 2004), and partly attributed to the
combustion exhaust (Hildemann et al. 1991), galvanized
parts and railings (Legret and Pagotto 1999), fuel and oil
and brake linings (Pierson and Brachaczek 1974). Zinc in
the urban soil has concentration (52 mg/kg) lower than
those in the global soil (70 mg/kg) indicating no pollu-
tion in the soil categories that are accordingly ordered as
IN>RS >RE>CM > OS > GS. Arsenic median values of
the urban soil categories are slightly lower than that in
the world soils (x 0.9). However, the OS soil category
has high arsenic content as clearly shown compared to
the other soil categories (OS > GS > RE >IN > CM > RS).
The reason of the presence of arsenic in OS is a geo-
genic and derived from the parent materials rather than
anthropogenic sources. The presence of arsenic in GS and
RE arises from arsenic-containing pesticides and herbi-
cides that are added to the agricultural areas. The con-
tent of silver in the urban soil is 0.6 time lower than that
in the global soils. Its highest content was recorded in
IN soil category, whilst the lowest was recorded in GS
soil category. The soil categories are arranged sequen-
tially as IN>RE=CM > OS =RS > GS according to
the silver content in the study. The cadmium content is
low by x0.6 time compared to the world averages. The
RE and OS soil categories have the highest cadmium
content relative to other soil categories that are ordered
(RE=0S>CM>IN=GS >RS). Cadmium is derived
from domestic wastewater and the Kirkuk oil refinery
(Al-Dabbas et al. 2012). The land use soils are arranged
as IN>RS>CM >RE > O0S > GS in terms of lead which
recorded in the urban soils as 0.6 times lower than that in
the world averages. The relative high lead concentration in
the IN soil categories is attributed to be sourced from the
industrial activities. Metal workshops, garages and waste
dumps are potential sources of lead (Al-Jumaily 2009). In
the RS soil category, the automobile exhausts from heavy
traffic and highway, as well as oil trash burning of Kirkuk
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Table 3 Monthly averages of climatic elements of Kirkuk Climatic
Station (1984-2014)

Months Temp (°C) Rainfall Evapo- Relative Wind

(mm) ration humidity speed

(mm) (%) (m/s)
Oct. 252 133 2114 39 1.5
Nov. 17.1 449 96.2 59 1.3
Dec. 114 56.3 58.1 69 1.3
Jan. 9.6 66.0 53.1 72 1.3
Feb. 11.1 58.2 69.4 66 1.7
Mar. 15.1 48.3 110.2 58 1.7
Apr. 21 35.6 167.3 50 2.0
May. 27.6 12.6 272.5 34 2.1
Jun. 33.1 0.1 371.4 25 2.0
Jul. 36.2 0.3 417.8 23 2.0
Aug. 35.8 0.1 398.1 25 1.8
Sep. 314 0.6 300.5 28 1.4
Mean 22.9 28.025 210.5 45.7 1.7
—+—Temp (°C) ~m— Rainfall (mm) Evaporation (mm)

Relative Humidity (%) —#—Wind speed (m/s)
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Fig. 3 Monthly averages of the climatic elements at the study area for
the duration of 30 years from 1984 to 2014

oil refining are the most potential sources (Al-Dabbas
etal. 2012).

Climatic effect on pollutants

Climate indicates an average state of weather conditions
of selected location over a long period of time (Houghton
et al. 2001). The climate of Iraq, in general, is character-
ized by a hot summer that lasts for 4 months or more, and
a cold winter lasts for 3 months, while spring and autumn
are two transitional seasons almost short. The period of
30 years (1984-2014) was considered sufficient to under-
stand and interpret the behavior of heavy metals in the
urban environment, and accordingly, the climate dataset



Environmental Earth Sciences (2019) 78:587

Page70f12 587

was collected from the Kirkuk Meteorological Station
(IMOS 2014) The monthly averages of climatic elements
are listed in Table 3 and plotted as shown in Fig. 3. The
air temperature ranged from 9.6 °C in January to 36.2 °C
in July, while rainfall of 66 mm occurs in January and
158 mm in November of 1992. The chemical weather-
ing act in winter is due to the seasonal precipitation;
weathering causes breakdown and alteration the materi-
als on surface. The disintegration by physical weathering
increases the reactive surface area and thus, facilities the
decomposition by chemical reaction with abundant water,
oxygen and CO,. As the study area is semi-flat terrain, the
physical weathering is not active. In contrast with physi-
cal processes, the chemical agents are of powerful attack
on rock and minerals, and the precipitation controls the
water amount available for chemical weathering, while
temperature influences the rate of chemical reaction (Rose
et al. 1979). The lack of activity of chemical processes due
to lack of water in the dry seasons with the alkaline pH
of the soil contributed effectively to the accumulation of
heavy metals in the top soil and no leached. The scarcity
of precipitation with the rise in temperature effected as an
attenuation agent in dilution groundwater ions and conse-
quently, heavy metals may accumulate in soil and leaches
partially for a short subsurface depth (Kumar et al. 2013).
Evaporation exceeds to 420 mm in July, while the lowest
average is 50.3 mm in January. The results came harmo-
nized with both of temperature and rainfall. The relative
humidity ranges from 23% in July to 72% in January. The
wind speed is positively correlated to air temperature and
evaporation, and negatively to relative humidity, charac-
terizing by the lowest value in December (1.3 m/s), whist
increase in May and reach to 2.1 m/s. The average pre-
vailing wind direction in the study area duration in the
period 1980-2013 is NW, followed by NE and SW, and
the detailed seasonal wind direction is illustrated in Fig. 4.
The role of the wind speed and its direction is an example
for transferring the pollutants as suspended particulates,
dust and smoke of automobile exhausted that may play a
significant role in the transfer of pollutants and change the
soil chemistry. Some areas of the OS and GS have been
affected by the materials transferred from the oil refinery
and cement factory by the wind, and here, emerged the role
of speed and direction of the wind in the redistribution of
the heavy metals and change the soil chemistry. The study
area was regionally affected by drought and locally by land
uses. The mineral solubility in the wet climate is typically
active, resulting in a redistribution of the elements after
their dissolving. As a result, the elements may be leached
from the top soil leaving low concentration. The increase
in temperature results in the speed up of evaporation and

concentration of solutions, which has a significant role in
precipitation processes.

Soil pH effect on pollutants

The pH plays a major role in the process of redistribution
of heavy metals because it has an important role in the pro-
cesses of precipitation and dissolution as well (Al-Hamdani
et al. 2016; Sun and Chen 2016). The acidity—alkalinity of
the soil varied to include a wide range of pH ranging from
6.63 t0 9.27. Based on the pH value, the soil acidity—alkalin-
ity is classified into five classes including natural, slightly
alkaline, moderately alkaline, strongly alkaline and very
strong alkaline (Table 4). It was shown that soil in differ-
ent study areas mostly tend to be of a slightly and moder-
ately alkaline. The RE soil category is mainly characterized
by slightly and moderately alkaline; a 73% of the RE soil
category is slightly alkaline and 27% is moderately alka-
line (Fig. 5). The CM soil category consists of 55% as a
slightly alkaline and 36% as a moderately alkaline and 9% as
a strongly alkaline. The IN soil category is composed only of
63% as a slightly alkaline and 38% as a moderately alkaline,
whereas the GS soil category consists of a 4% as neutral,
29% as a slightly alkaline and 68% as a moderately alkaline.
The OS category is composed of 67% slightly alkaline and
33% moderately alkaline. The different category is RS in
which 7% neutral, 21% slightly alkaline, 64% moderately
alkaline and 7% very strong alkaline. The soil categories
studied have a wide range of pH, but are often ranging from
7.4 to 8.4, so as the leaching process expected very low,
where the heavy metals tend to be precipitated. The pH
of the soil system is a very important parameter, directly
influencing sorption/desorption, precipitation/dissolution,
complex formation, and oxidation-reduction reactions. The
maximum dissolution of cationic metals occurs at acidic pH
(less than 7), and maximum precipitation of anionic metals
occurs at pH less than 7 (Botzan 2017). All heavy metals
are precipitated from only under alkaline conditions in the
form of hydroxide, oxide, carbonate, and phosphate (Lind-
say 1979). For example, copper is removed from solution
at pH>7, but released to the solution at acidic conditions.
Here, we can deduce that the alkaline soils retain heavy met-
als as opposed to acidic and neutral soils that may lose such
ions. In general, running water may find its way into aqui-
fer, particularly, in the north part of the study area due to
the high permeability, and a lot of heavy metal contents are
adsorbed to the soil in response to the alkaline pH. Twenty-
eight groundwater wells distributed in 630 Km? at Kirkuk
area are characterized by heterogeneity of water chemistry
due to the run-off influences. Running water on the surface
is directly recharged the underneath aquifer in the study area
(Awadh and Al-Kelabi 2016).
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Fig.4 Prevailing wind direction A
in the study area for the period
1980-2013; a annual average, N
and b seasonal average N 300/0_ T
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' E
S
N N
B 50% 40%
NW —30% NE NW " 30% NE
30%
20%
10%
w 0% E W E
SwW SE SwW SE
S S
Winter Spring
N N
40%
NE NW 30% NE
0%
3 w 3
SW SE SW SE
S S
Summer Autumn
Geochemical background and soil quality is the peak of the anomaly that locates spatially limited areas
characterized by extremely high concentration values due
The geochemical background values represent the concentra-  to a point source which could be mineralization or pollu-
tion of a given element in a given area which are completely ~ tion (Albanese 2014). The threshold and geochemical back-
dependent on the compositional and mineralogical charac-  ground values of heavy metals are calculated and presented

teristics of the parent source geological material. Threshold  in Table 5. The calculation of the geochemical background
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Table 4 Acidity—alkalinity

. . Soil class pHrange  Soil category

nature of the soil categories

based on Soil Survey Division RE (%) CM (%) IN (%) GS (%) 0S (%) RS (%)

Staff (SSDS) (2017)
Neutral 6.6-7.3 0 0 0 4 0 7
Slightly alkaline 7.4-7.8 73 55 63 29 67 21
Moderately alkaline 7.9-8.4 27 36 38 68 33 64
Strongly alkaline 8.5-9.0 0 9 0 0 0 0
Very strongly alkaline >9.0 0 0 0 0 7

Fig.5 Frequency pH ranges in 100%
the land use types of the urban
soil 90%
80%
70% / —
>
g 60% —
5 / N\ /
3 50% —
g / \ /
o 40% i —
30% —
20% -
0% /._
RE CM IN GS oS RS
® Neutral m Slightly alkaline  Moderately alkaline
m Strongly alkaline M Very strongly alkaline
Table5 Statistical resu}ts of Elements Min Max Mean Median STD MAD  Threshold Medianof Geochemi-
threshold and geochemical mg/ke rural area  cal back-
background ground
Cr 47.1 223 117 115 338 218 159 155 157
Co 510 144 105 11.2 245 136 140 13.9 14
Ni 350 242 988 95.6 367 17.1 130 114 122
Cu 127 764 220 18.7 11.5 2.7 24.1 20.3 222
Zn 324 229 632 523 345 102 72.8 46.2 59.5
As 26 88 4.6 4.62 1.10 060 5.81 6.23 6.02
Ag 0.02 1.13 0.1 0.04 0.18 0.01 0.07 0.02 0.045
Cd 0.10 054 02 0.17 0.06 003 0.23 0.17 0.2
Pb 5.18 341 265 11.4 44.7 462 20.6 6.49 13.6

has followed the method stated by Rose et al. (1979). The
results of PI and IPI are tabulated in Table 6 and presented
in Fig. 6. The PI indicated that the soil of the IN soil cate-
gory is the most polluted (2.71), whereas soil of the RS, CM,
and RE categories are of moderate polluted as they have P
values as 1.09, 1.08, and 1.07, respectively. Additionally, the
PI values also pointed out the OS and GS soil categories as
of low polluted soil due to the low values of the P/ (0.91 and

0.83), respectively. Based on the PI value, all categories of
the soil studied have low polluted with each of chromium,
cobalt, nickel, and arsenic. In terms of zinc, silver, cadmium
and lead, the values of PI showed that copper was moder-
ately polluted for each soil of RE, CM, IN, and RS catego-
ries. As for silver, it has moderately polluted each of RE,
CM, GS, OS, and RS, while lead is moderately polluted the
CM, GS and OS. The important thing is that high pollution
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Table 6 PI and IPI values in the

. Land use category Pl IPI Mean
land use categories
Cr Co Ni Cu Zn As Ag Cd Pb
Residential (RE) 083 077 073 089 124 083 242 1.0 094 1.07
Commercial (CM) 068 0.69 073 102 117 069 1.62 088 229 1.08
Industrial (IN) 080 0.67 063 164 195 081 7.55 1.01 933 271
Green space (GS) 077 082 082 080 085 076 1.06 0.8 0.83 0.83
Open space (OS) 078 088 083 092 08 0.88 1.05 103 096 091
Road side (RS) 059 047 074 112 121 054 1.19 08 317  1.09
Fig.6 Heavy metal percentage 100% — — — —
based on pollution index -— -
90% H—+— +H 1 -
8 80% TE_ . — . B
=, — _—
g 70% |- e E R EE
S 60% L
s . [ b4 |
@ 50% [ — —
o0
g 40% |- — =
g 30% - b =
S 20% — —
10% | - -
0% .
Cr Co Ni Cu Zn As Ag Cd Pb
EPI>3 0% 0% 0% 2% 3% 0% 9% 0% 16%
M1<PI<3| 11% | 3% 18% | 22% | 36% | 10% | 34% | 24% | 24%
M1<PI 89% | 97% | 82% | 76% | 61% | 90% | 57% | 76% | 60%
level of Ag in the IN soil category and lead in both of the IN Conclusions

and RS as well. The values of PI higher than 3 pointed out
high contents of lead and silver in the urban area. The land
use categories are affected by heavy metals with respect to
IPIs descending as IN>RS >CM >RE> OS> GS. The high
level of pollution was diagnosed in area of IN soil category.
The areas of the RS, CM, and RE soil types were marked as
a soil of middle pollution level, but the low pollution level
was restricted in the OS and GS categories. The values of
the IPIs indicated the levels of pollution in each category of
soil. The IPIs values varied from 0.66 to 2.83 with an aver-
age of 1.07 in the RE soil category indicated medium level
pollution in places specifically close to the Kirkuk Citadel
location (Ctd). The PI value indicated a high contamination
with silver and moderate contamination with copper, silver,
lead, and zinc. These heavy metals considered an impor-
tant factor in soil pollution (Martin 2001; Nicholson et al.
2003). In area of RE, atmosphere plays an important role
in transferring the pollutants from different source points
such as cement manufacture in Laylan Cement Plant, fossil
fuel combustion, oil trash burning from Kirkuk Oil refining
plant, and municipal waste burning.

@ Springer

This study discussed the concentrations of heavy metals
in the different categories of the urban soil. In general, the
study usually represented an area of high background of
the heavy metals ascribed to both the nature of soils and
human beings. The content of heavy metals in these cat-
egories is distributed in a heterogeneous manner depend-
ing on the supplying sources, harmonized with the nature
of the land use. Nickel is predominant heavy metal dis-
tributed according to the land use category with a pat-
tern of OS> GS >RE > CM >IN > RS. The predominant
heavy metals in the OS soil category are nickel, cobalt
and arsenic; in the RE types are chromium, cobalt and
nickel; in the IN categories are copper, zinc, lead, Cd and
silver. The urban OS soil is mainly affected by emission
of the oil trash burning, whereas the GS soil is affected
by wastewater that is used for the irrigation purpose of
the local agricultural area, particularly, areas close to the
Khassa River. The pollution of the IN urban soil is pri-
marily derived from automobile and metal workshops and
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their association waste. The soil reaction is moderately to
slightly alkaline, so the leaching process of heavy metals is
unlikely to occur. In contrast, the heavy metals tend to be
precipitated under the urban conditions. The geochemical
background values as a baseline of the Kirkuk urban soil
types were determined. Based on the P/ value, the urban
soil categories are heavily polluted by lead, but they are
moderately polluted by cadmium. Based on the /PI, the IN
soil was categorized as a high-polluted soil, the RS, CM,
and RE soil types were defined as soil of middle pollution
level and the OS and GS soil type is of low pollution level.
The current study displays high geochemical backgrounds
of the studied heavy metals that are quite different than
other places in some countries. The authors accordingly
recommend a comparative study to determine the role of
geogenic and the influence of anthropogenic factor.
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