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Abstract

Urban soil plays an important role as a source of absorption of toxic heavy metals resulting from human
activities, including industrial emissions, traffic, and urban expansion. This study aims to assess the
levels, sources, and risks of heavy metal contamination in the urban soil of Kirkuk. Several
environmental assessments were conducted using environmental parameters. Twenty-three urban soil
samples were collected at a depth of 0-15 cm and analyzed using inductively coupled plasma optical
emission spectroscopy (ICP-OES). To assess contamination, indices such as the geological accumulation
index (Igeo), enrichment factor (EF), contamination factor (CF), and degree of contamination (Cdeg)
were calculated. The results showed that most heavy metals ranged from uncontaminated to moderately
contaminated levels, with the exception of lead (Pb), which showed moderate to high contamination at
specific sites. EF values indicated moderate enrichment of chromium (Cr), nickel (Ni), and lead (Pb),
suggesting human impact, particularly from industrial and traffic sources. Health risk assessment showed
ingestion as the primary exposure route, especially for children, with Cr posing the highest potential risk.
However, most metal exposure levels were below reference doses (RfD), indicating low health risks in
general. While most sites show low to moderate contamination, some require mitigation strategies due
to elevated levels of lead and chromium.
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Introduction

Urban soil is an important reservoir for toxic heavy metals such as lead (Pb), arsenic (As), cadmium
(Cd), and chromium (Cr), which are among the most dangerous pollutants accumulated as a result of
human activities, such as industrial emissions, pesticide use, contaminated rainwater runoff, and urban
traffic formations (Boahen, 2024)['8 Pollution with toxic heavy metals results from industrial sources,
agricultural activities, urban expansion, as well as natural geological processes Several studies have also
addressed this topic, the effect of toxic heavy elements in the soil and their health effects in Kirkuk, such
as the study (Mohammed and Al — Jumaily, 2023) [28] which addressed their effect in different
regions, in addition to other studies (Al — Obeidi and Al — Jumaily, 2020)[2°1; Al — Jumaily, 2016)[3°]
The distribution of these metals in the environment is affected by complex interactions with biological
and chemical environmental factors, and these elements pose a significant environmental risk to living
organisms. (El-Sharkawy, 2025).Natural processes and human activities play a major role in the growing
global concern about environmental pollution with heavy elements in the air, soil, and water systems
(Li etal., 2023)[2!; (Holmes, 2021) [31, (Morozesk et al., 2021)[4], (Zuo et al., 2016)[°!

(Fuetal., 2014)[¢]. The various activities resulting from the main sources are considered to be large
amounts of waste, such as excess construction materials, urban waste, and gaseous and liquid emissions,
which can pose a threat to the environment with heavy elements. Extraction, exploration, and smelting
processes also lead to the accumulation of many amounts of these wastes, contributing to increased
concentrations of toxic metals such as cadmium (Cd), copper (Cu), arsenic (As), lead (Pb), zinc (Zn),
and chromium (Cr) in the urban soil, as well as their emission into the atmosphere in the form of dust
particles, which pose a serious threat to human health and the safety of ecological systems
(Haghighizadeh et al., 2024)[7! The aim of study assesses heavy metal contamination in Kirkuk's urban
soils, identifies pollution sources, and evaluates environmental and health risks using spectral analysis
and pollution indicators.

2. Study area

The city of Kirkuk is located in the central part of Kirkuk Governorate and is bordered to the south by
Laylan and Taza Khurmatu districts, to the north by Shawan district, to the east by Qara Hangar district,
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and to the west by Yayji district, Figure 1. The geologic layers in the
Kirkuk region consist of multiple formations ranging from the oldest
to the youngest, including the Fatha, Anjanah, Muqdadiya, and Bai
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Hassan  formations, as  well modern

(Jassim and Goff,2006!8]),

as deposits
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Fig 1: study area

3. Aim of study: This study aims to assess heavy metal
contamination levels in urban soils in the city of Kirkuk, and
the sources of these contaminants, and estimate the associated
environmental and health risks using spectral analysis
techniques with pollution assessment indicators.

4. Material & Methods

Urban soil samples were collected at a depth of (0-15) cm
from different areas of Kirkuk city center. They were ground
and sieved using a mesh 200 sieve, then 10 g of each sample
was taken and placed in airtight bags, numbered and sent to
Tehran laboratories and analyzed by using ICP-OES to
measure the concentrations of heavy metals.

5. Result and Discussion

5.1 1Geo accumulation index

It is used to compare the concentrations in samples with their
natural reference values, which helps determine the extent of
human activities' impact on the environment (Fadhel and
Abdulhussein, 2022) [ and as in the equation (1).

Igeo= log, (—)

1.5Bn (1)

Where (Cn) represents the concentration of the element in
ppm in the surface soil, while (Bn) represents the natural
reference concentration of the element according to (Kabata

-Pendis, 2011) 2% 15 is the correction factor based on
lithogenicity and based on the Igeo values in the study area
Table (4-1), the soil was classified into seven types according
to its contamination based on (Muller, 1969) % Table (2).
The results of the current study of the soil accumulation
factor (Igeo) showed that most heavy metals fall within table
(1) and (2) categories (0) and (1), meaning that they range
from uncontaminated to moderately contaminated. Copper
(Cu) and zinc (Zn) recorded negative values, placing them in
Class 0, which means that the soil is not contaminated with
these metals, i.e., their concentrations are low and do not pose
any environmental hazard. As for arsenic (As), cadmium
(Cd), chromium (Cr), nickel (Ni), manganese (Mn), and
cobalt (Co) ranged between 0.1 and 0.5, classifying them as
Class 1, i.e., uncontaminated to moderately contaminated.
This may reflect moderate contamination, but it is not
dangerous. However, it may indicate the interference of
human activities in the environment. Although most of the
results indicate low levels of contamination, lead (Pb) was
recorded in some samples at values exceeding one, such as
(US7 and US22) in the areas of Al-Masalla apartments and
Arafat Stadium, respectively, placing it in Class 2, which
indicates that it is moderately polluted. This may be the result
of pollution from industrial activities and heavy vehicle
traffic that uses lead in gasoline components, resulting from
sources of pollution such as waste or industrial activities.
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Table 1: Results of the Igeo accumulation index of heavy metals in urban soil in the study area

Igeo
Sample.no Pb As Cd Cr Ni Cu Mn Zn Co
US1 -0.4 0.2 0.2 0.6 0.6 -0.5 0.1 -0.4 0.3
US2 -0.1 0.3 0.2 0.4 0.5 -0.1 0 -0.3 0.2
US3 -0.2 0.1 0.2 0.5 0.5 -0.6 0.1 -0.1 -0.1
US4 -0.3 0.3 0.3 0.2 0.5 -0.4 0.1 -0.3 -0.1
US5 -0.3 0.1 0.3 0.4 0.6 -0.5 0 -0.3 0
US6 -0.3 0.1 0.2 0.6 0.2 -0.7 0 0 0.2
USs7 1.2 0.3 0.2 0.4 0.5 -0.7 0.1 -0.1 0.4
US8 0.3 0.4 0.3 0.6 0.6 -0.6 0.1 0 0.3
US9 0 0.3 0.3 0.6 0.6 -0.3 0.1 -0.1 0.2
uUs10 -0.1 0.3 0.3 0.3 0.5 -0.5 0.1 -0.2 -0.6
US11 -0.1 0.3 0.3 0.2 0.6 -0.5 0.1 -0.3 0
Usi12 0.8 0.1 0.2 0.5 0.6 -0.6 0 -0.2 0.5
US13 0 0.1 0.3 0.3 0.6 -0.3 0.1 0.1 0.4
UsSi14 0.5 0.2 0.2 0.6 0.6 -0.5 0 -0.1 -0.7
US15 0.2 0.3 0.3 0.4 0.5 0.1 0 -0.1 0.3
US16 1 0.1 0.3 0.6 0.4 -0.7 0.1 -0.1 -0.1
Us17 -0.2 0.2 0.3 0.4 0.5 -0.6 0 -0.1 0.5
Usi8 0.9 0.3 0.3 0.3 0.6 -0.4 0.1 0 0.5
Us19 0.2 0.3 0.3 0.3 0.5 -0.4 0.1 -0.3 0.4
us20 -0.1 0.7 0.3 0.5 0.5 -0.1 0.1 -0.2 0.4
US21 -0.1 0.2 0.3 0.5 0.5 0 0.1 -0.3 0.3
Us22 1.3 0.2 0.3 0.6 0.5 -0.5 0 0.1 -0.8
Us23 0.6 0.1 0.2 0.5 0.3 -0.6 0 -0.3 0.5
Mean 0.2 0.2 0.2 0.5 0.5 -0.4 0.1 -0.2 0.1
Table 2: Classification of Igeo accumulation index (Muller, 1969) (19
Value Class Description
lgeo <0 0 Uncontaminated
0<Igeo <1 1 Uncontaminated to Moderately Contaminated
1<lgeo <2 2 Moderately Contaminated
2<lgeo <3 3 Moderately Contaminated to Heavily Contaminated
3<Igeo <4 4 Heavily Contaminated
4<Igeo <5 5 Heavily to Extremely Contaminated
lgeo>5 6 Extremely Contaminated

5.2 Enrichment factor

The enrichment factor (EF) is used to determine the extent to
which the concentration of heavy elements in a soil sample is
increased compared to its natural concentration in the
environment. The purpose of using EF is to differentiate
between natural sources of the element and pollution
resulting from human activities (Sutherland, 2000) .
Manganese (Mn) is one of the elements used as a reference
among other elements (Sc, Fe, Al, Ti, V, Mn), and the
enrichment factor value is calculated based on (simex and
Helz, 1981) 24, (Ergin et al., 1991) ? as in the equation (2)

_ (Me\Mn)sample
B (Me\Mn)background

)

Where sample (Me\Mn) represents the concentration ratio of
the element in the sample studied/the concentration of
manganese in it, while (Me\Mn) represents the concentration
ratio of the reference element/the concentration of the
reference manganese element based on the background
(Kabata - Pendias 2011) %31,

Table (3) shows the enrichment coefficients in the study area.
It was found that lead (Pb) recorded the highest enrichment
factor among all metals, with an average EF of (3.0) and a
range between (0.3 - 16.4). This shows that most of the
samples under study fall within the Moderate enrichment
category according to (Sezgin, 2004) Il Table (4), with some
samples such as US7 and US22 falling within the Significant
enrichment category), indicating the possibility of
contamination resulting from human activity such as heavy
vehicle traffic or industrial waste. As for arsenic (As), it
recorded an average enrichment factor of 1.6 and was
classified as Deficiency to Minimal Enrichment, indicating
that it is naturally present in most samples, with the exception
of one sample that approached the upper limit. However,
other elements such as cadmium (Cd), copper (Cu), zinc (Zn),
and cobalt (Co) ranged between 0.2 and 1.6, confirming that
they are within normal levels and uncontaminated. In
contrast, both chromium (Cr) and nickel (Ni) showed average
values ranging between 2.7 and 3, respectively, within the
moderate enrichment category, indicating the possibility of
moderate contamination resulting from human activities.
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ontamination in Kirkuk using the enrichment factor EF.

EF
Sample.no Pb As Cd Cr Ni Cu Mn Zn Co
US1 0.3 13 13 3.5 3 0.2 0 0.3 1.5
us2 0.7 1.9 1.6 2.5 3.5 0.8 0 0.5 1.5
Us3 0.5 1 14 2.7 2.5 0.2 0 0.7 0.8
us4 0.4 1.6 1.6 1.3 2.7 0.4 0 0.4 0.6
uUs5 0.4 1.2 1.6 2.3 35 0.3 0 0.4 1
us6 0.4 1.2 15 3.7 1.5 0.2 0 0.8 1.3
uUs7 12.3 1.8 14 2.3 2.4 0.2 0 0.7 2.1
uUs8 1.6 2 1.7 3.8 3.4 0.2 0 0.9 1.9
Us9 0.8 15 15 3.5 3.4 0.4 0 0.6 1.5
uUs10 0.7 1.7 1.7 1.8 2.6 0.2 0 0.5 0.2
US11 0.6 1.7 1.7 15 33 0.3 0 0.5 0.9
USs12 5.7 1.2 1.6 3.1 3.8 0.3 0 0.7 3.4
US13 0.9 1.2 1.6 1.8 3.8 0.4 0 1.2 2.3
USs14 3.3 15 14 4 4.2 0.3 0 0.8 0.2
US15 13 1.7 1.7 2.5 3.2 1.1 0 0.7 1.9
US16 8.3 1.2 15 35 2.1 0.2 0 0.6 0.7
uUs17 0.6 1.8 1.8 2.4 3.3 0.2 0 0.8 3
Us1s 7.7 1.8 1.7 1.9 3.2 0.4 0 0.8 2.6
US19 13 1.6 1.6 1.7 2.6 0.3 0 0.5 2
uUs20 0.7 4 1.6 2.4 2.7 0.6 0 0.5 1.9
uUs21 0.7 1.3 1.8 2.9 2.8 0.8 0 0.5 1.7
Us22 16.4 14 1.6 3.3 3 0.3 0 1.1 0.1
Us23 4.2 1.3 14 3.3 2 0.2 0 0.5 3
Mean 3 1.6 1.6 2.7 3 0.4 0 0.6 1.6
Table 4: Classification of EF enrichment factor according to (Sezgin, 2004) [°]
Enrichment Factor Enrichment Factor
(EF) classes (EF) Categories
EF <2 Deficiency to minimal enrichment
2<EF <5 Moderate enrichment
5<EF<20 Significant enrichment
20< EF<40 Very high enrichment
EF >40 Extremely high enrichment

5.3 Contamination (CF) and Degree of Contamination
(Cdeg)

The contamination factor (CF) is one of the indicators used
to determine the extent of heavy metal contamination in soil.
It is the ratio of the concentration of the element in the sample
to its natural concentration and is calculated using equation
(3) according to (Hakanson, 1980) 14,

Csampl
CF=——— )
Cbackground

Where Cgampie represents the concentration of the element in
the sample, while Cp,qcx grounarepresents the concentration of
the element in the soil, based on the values published by
(Kabata-Pendias, 2011). While the pollution degree index
(Caeg) is one of the methods used to determine the degree of
pollution in the soil (Hakanson,1980)! according to
equation (4).

Caeg= (C1+C+Cst.....Cp) @

Table (5) shows the values of the pollution index and the
degree of pollution in the urban soil of Kirkuk. The results
showed that the CF values for lead (Pb) ranged between 0.6
and 27.1, with an average of 5.1. This indicates pollution
ranging from low to moderate according to (Hakanson, 1980)
(11 Table (6), while arsenic (As) had CF values ranging from
1.8 to 7.2, with an average of 2.7, indicating low to moderate
contamination according to the classification (Hakanson,
1980) M, It is known that arsenic has toxic properties, but in
these samples it did not reach high levels. Cadmium (Cd)
showed CF values ranging between 2.2 and 3.2, with an
average of 2.7. Chromium (Cr) showed CF values between
2.3 and 6.6, with an average of 4.5, indicating considerable
contamination. Nickel (Ni) showed values ranging from 2.6
to 6.6, with an average of 5.0, indicating considerable
contamination, while copper (Cu), manganese (Mn), and zinc
(zZn) showed CF wvalues below 2, indicating low
contamination. As for cobalt (Co), the CF contamination
index ranged between 0.2 and 4.6, with an average of 2.6,
indicating low to moderate contamination. Most of the CF
contamination index values indicate low to moderate
contamination in the soil of the study area.
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Table 5: Pollution assessment results for urban soil samples from Kirkuk using the CF pollution index and Cdeg and mCd pollution levels.

CF
Sample Pb As Cd Cr Ni Cu Mn Zn Co Cdeg mCd
US1 0.6 2.4 2.5 6.6 5.7 0.4 1.9 0.6 2.8 23.6 2.6
US2 1.1 2.9 2.4 3.8 5.3 1.3 15 0.7 2.2 21.2 2.4
US3 1 1.8 2.4 4.8 4.4 0.4 1.8 1.2 1.3 19 2.1
US4 0.8 2.7 2.7 2.3 4.5 0.6 1.7 0.7 1.1 17 1.9
US5 0.7 2.1 2.7 3.9 5.9 0.4 1.7 0.7 1.6 19.7 2.2
Us6 0.7 2 2.4 6.3 2.6 0.3 1.7 1.4 2.1 19.5 2.2
US7 21.9 3.2 2.4 4 4.3 0.3 1.8 1.2 3.7 42.9 4.8
US8 2.7 3.5 2.9 6.6 5.9 0.4 1.8 1.6 3.3 28.7 3.2
US9 14 2.7 2.7 6.2 6 0.8 1.8 1.1 2.7 25.1 2.8
US10 1.3 2.9 2.9 3.1 4.6 0.4 1.8 0.9 0.4 18.4 2
US11 1.1 2.9 2.9 2.5 5.6 0.4 1.7 0.8 1.6 19.6 2.2
US12 8.5 1.7 2.4 4.7 5.7 0.4 15 1 5.1 31.2 3.5
US13 15 2 2.7 3 6.4 0.7 1.7 2 4 24.1 2.7
uUS14 5.1 2.3 2.2 6.3 6.6 0.4 1.6 1.2 0.3 26 2.9
US15 2.1 2.8 2.7 4 5.2 1.8 1.6 1.2 3.1 24.4 2.7
US16 14.4 2.1 2.7 6.2 3.6 0.3 1.7 1.1 1.2 33.3 3.7
us17 0.8 2.7 2.7 3.6 4.9 0.4 15 1.1 4.4 22.1 2.5
Usi8 13.3 3.1 2.9 3.2 5.6 0.7 1.7 14 4.5 36.5 4.1
US19 2.2 2.8 2.7 2.9 4.4 0.6 1.7 0.8 3.5 215 2.4
USs20 1.3 7.2 2.9 4.4 5 1.2 1.8 0.9 3.5 28.2 3.1
Us21 1.2 2.4 3.2 5.2 5.1 1.4 1.8 0.8 3 24.1 2.7
Us22 27.1 2.3 2.7 5.4 5 0.5 1.7 1.8 0.2 46.7 5.2
Us23 6.5 2 2.2 5.1 3.1 0.3 1.5 0.7 4.6 25.9 2.9
Mean 5.1 2.7 2.7 4.5 5 0.6 1.7 1.1 2.6 26 2.9

Table 6: Classification of pollution index and degree of pollution
((Hakanson, 1980)[11],

(CF) (Cdeg) Contamination level
CF<1 Cdeg< 8 Low Contamination
I<CF<3 8< Cdeg <16 Moderate Contamination
3<CF<6 16< Cdeg <32 | Considerable Contamination
6>CF Cdeg >32 Very High Contamination

5.4 Health risk assessment of heavy metals in urban soil
Study area

5.4.1 Chronic Daily Intake (CDI)

The objective of assessing the health risks of heavy metals in
urban soil in urban areas, including the study area, is to
understand their behavior and exposure routes based on the
primary routes of human exposure on a daily basis, namely
ingestion, inhalation and dermal contact. The chronic daily
intake dose for each route is calculated separately for adults
and children according to (Parvezet al.,2024)[5],
(Kelepertzis, 20141241), as shown in the equations (5)(6)(7)

Ring ED*EF* _
CDing: soil(%)lo 6 (5)
Rinn, ‘EDYEF* _
CDinn= Csoit Gyr—ppr) 107° (6)
_ SA*SL*ABS*ED*EF* _
CDdermal_ Csoil(—)lo 6 (7)

BW*AT

Where (C,,;) represents the concentration of the element,
measured in ppm, and CD;,, (average daily intake of heavy
metals ingested from soil) is the average daily dose ingested)
(CDyny) (is the average daily intake of heavy metals inhaled
from soil) is the average daily dose inhaled (CDgermar)
(exposure dose via dermal contact) represents the average
daily dose via skin contact, and each is measured in units of

(mg/kg.day), and Exposure frequency (EF) represents the
number of times exposure is repeated and is measured in units
of (days/year), while (ED) Exposure duration is the average
exposure period measured in (Years), BW represents human
body weight in kg, while CF is the conversion factor for
elements and is measured in kg/mg. Particle emission factor
(PEF) is the factor of particle emission from soil and is
measured in (mg/cm2.day). represents the soil adhesion factor
to the skin and is measured in units, and (SL) Soil to skin
adherence factor is measured in units of (mg/cm2.day), while
SA refers to the area of skin exposed to soil and is measured
in units of (cm?), (ABS) is the skin absorption factor, while
(AT) Average Time represents the average exposure time and
is measured in units of (day). The values of the above
variables for both adults and children are shown in Table (7).
Table (8) explains the daily dose values of heavy elements in
urban soil in the study area. The results of the chronic daily
intake (CDI) of heavy metals showed that their values were,
inorder CDljyg > CDIinp > CDlgermg dermal for children and
adults, respectively. This means that ingestion is the main
source of exposure, followed by inhalation, then skin contact,
which is the least significant. The value of chromium (Cr) in
children was high, indicating a potential risk via the oral
route, while inhalation and skin contact were well below the
reference limits. As for arsenic (As) and lead (Pb), they did
not exceed the permissible limit, especially in children. On
the other hand, other elements such as zinc (Zn), copper (Cu),
and cadmium (Cd) showed low values in all three exposure
routes, with all (CDI < RfD), indicating their safety when
exposed.

Table 7: Variables used in the Health Risk Assessment for
urban soil samples for both children and adults based on
(USEPA, 2017) "1 USEPA, 2016) [**], (Qing et al., 2015) (12,

~17 ~


https://www.geojournal.net/

International Journal of Geography, Geology and Environment

Table 7: Daily dose index (CDI) values of heavy metals in urban soil in the city of Kirkuk

https://www.geojournal.net

Metals | Avg Age CDl ing RFD ing CDl inh RFD inh CDI demal RFD demal
As 18.6 Adult 2.52 *10°5 3*10* 3.72*10° 3*10* 2.97 *10°© 1.23 * 10+
' Child 2.36 * 10+ 3*10* 8.92 *10° 3*10* 1.99 *10° 1.23 * 10+
Cu 045 Adult 3.33*10° 4*1072 4.90 * 10° 4*1072 1.32*107 1.2*10?
' Child 3.11*10* 4*1072 1.17 * 108 4*1072 8.57 * 107 1.2*10?
Cr 268.9 Adult 3.65*10* 3*10° 5.37 * 108 2.86 * 10 1.45 * 107 6 *10°
' Child 3.41*10°3 3*10°3 1.29 * 107 2.86 *10° 9.41 *10”7 6 *10°
cd 11 Adult 1.49 * 10 1*10° 2.2*1010 1*10° 0.59 * 108 1*10°
' Child 1.39 *10° 1*10° 5.28 * 1010 1*10° 0.38 * 107 1*10°
Co 29.5 Adult 4.01*10° 2*10? 5.90 * 10° 5.71*10°6 1.59 * 107 1*10°
' Child 3.74 *10* 2*10? 1.41*10® 5.71* 106 1.03 *10° 1*10°
Mn 8231 Adult 1.11*10° 4.6 *1072 1.64 *107 143 *10° 4.44*10° 1.84 * 1072
' Child 1.04 * 1072 4.6 *1072 3.95 %107 143 *10° 2.88 * 107 1.84 * 1072
Ni 1452 Adult 1.97 * 10+ 2*10? 2.90 * 108 2 *10? 0.78 * 10°© 5.4*10°%
' Child 1.84 * 10 2*10? 6.97 * 108 2*10? 5.08 * 10°° 5.4*10°
Pb 137.9 Adult 1.87 *10* 3.5*10° 2.75 *108 3.5*10° 0.74 * 10°© 5.25*10*
' Child 1.75* 103 35*10° 6.61* 108 35*10° 4.82 %10 5.25 *10*
7n 761 Adult 1.03 *10* 0.30 152 *10°8 0.30 0.41 *10° 0.06
' Child 9.66 * 10 0.30 3.65* 108 0.30 2.66 *10° 0.06

Arsenic is a toxic element that poses a danger when exposed
to it, as children have been found to be exposed to higher
levels of this element through ingestion compared to adults,
making them more susceptible to poisoning. Copper is an
essential element for the body, but excessive exposure to it
can lead to health problems. However, children's exposure
levels through inhalation and ingestion do not exceed safe
limits compared to adults, which means that copper is not a
source of danger. Chromium, on the other hand, has shown
significantly higher exposure rates in children than in adults,
especially through ingestion, with children's exposure to this
element exceeding safe limits.

Cadmium, known for its toxic effects on the kidneys and
respiratory system, shows higher exposure rates in children
through ingestion compared to adults, while lead, which is
one of the main causes of poisoning in children, shows
exposure rates through all three routes that significantly
exceed safe limits. Therefore, this element is considered one
of the most dangerous toxic elements, causing health
problems and affecting the nervous and mental systems of
children. Zinc is an essential element in the body,
contributing to many vital processes, and excessive exposure
to it can lead to poisoning. The results showed that children's
exposure to zinc through ingestion is slightly higher than that
of adults, but remains within safe limits (Vahter, 2008) [,
(Bansal, 2023) 71 (Al Osman et al., 2019) 71, (Larsen &
Sanchez-Triana, 2023) [26],

5.4.2 Non Carcinogenic Risk Assessment
The non-carcinogenic effect is determined by calculating the
hazard quotient (HQ), which expresses the ratio of chronic

daily intake (CDI) via the three pathways to the reference
dose (RfD) for each pathway (USEPA, 1989)[2¢], as shown in
the following equations (8)(9).

HQ=cDIL/RfDI;—-(8)
HI =X HQ = HQing + HQinn + HQaermai =
(CDIing/RfDing+CD1inh/RfDinh+CDldermal/RfDdermal) T (9)

The results of chronic daily intake (CDI) values via three
routes (ingestion, inhalation, and dermal), as well as the
hazard quotient (HQ) and total health hazard index (HI =
>"HQ) for heavy metals for both adults and children Table (9).
Children are exposed to higher levels of risk than adults due
to their higher absorption rates. If HQ > 1, it is considered an
indicator of potential health risk. and this limit was exceeded
only for chromium (Cr) in children, indicating a potential risk
when exposed to this element. The rest of the heavy metals
under study were within safe limits, so chromium (Cr)
showed the highest HI value in children with a value of
(3.43), which exceeds the safe limit (1) and indicates a health
risk, while the value for adults was much lower (0.125). The
reason for this may be due to their daily behaviors (such as
playing on the ground and putting things in their mouths).
followed by arsenic (As), which shows a high risk in children
with an HI value close to 1 (0.941), especially in younger age
groups. In contrast, copper and zinc recorded relatively low
HQ and HI values, indicating that their potential risk is lower
compared to other elements.

Table 8: Hazard Quotient (HQ) and Hazard Index (HI) for the three routes.

Metals Avg Age HQ ing HQ inh HQ dermal HI=XHQ
As 186 Adult 8.4 *10? 1.24 *10° 2.41*10? 1.01 * 10
) Child 7.8*10% 2.97 *10° 1.61 *10? 9.41* 10
Cu 245 Adult 8.32*10* 1.25*107 1.1 *10° 8.43 * 10+
) Child 7.77 %108 2.92 *107 7.14 *10° 7.84* 103
cr 268.9 Adult 1.21*10? 1.87 * 103 2.41*10° 1.25* 10!
' Child 341 451*10° 1.56 * 1072 3.43

cd 11 Adult 1.49 * 10 2.2*107 5.9*10* 2.08 *10°
' Child 1.39 * 102 5.2*107 3.8*10°3 1.77 * 102

Co 29.5 Adult 2*103 1.03* 10 1.59 * 1072 2*107?
' Child 1.87 * 10? 2.46 * 103 1.03 * 10! 1.24 * 10!

~18 ~



https://www.geojournal.net/

International Journal of Geography, Geology and Environment

https://www.geojournal.net

Mn 823.1 Adult 2.41 %1072 1.14 * 102 2.41*10* 3.57 * 107
' Child 2.26 101 2.76 * 102 1.56 * 10° 253 * 10!
Ni 1452 Adult 9.85 %103 1.45 *10¢ 1.44 * 10+ 9.99 * 103
' Child 9.2 *10? 3.48 %106 9.40 * 10+ 9.29 * 102
Pb 137.9 Adult 5.34 * 107 7.85* 106 1.40 * 103 5.48 * 107
) Child 0.50 1.88 * 10° 9.18 * 103 5.09 * 101
7n 76.1 Adult 3.43*10% 5*108 6.83 *106 3.49 *10*
' Child 3.22*103 1.21 * 107 4.43*10° 3.26 * 103

5.4.3 Carcinogenic Risk Assessment (CR)

Table (10) showing the carcinogenic risk assessment values
for heavy metals in urban soil indicate that most values fall
within safe limits, with a risk value of less than (1x107¢ (this
indicates a very low carcinogenic risk.like (As) arsenic and
(Cr) chromium ,They showed values between (1x10~*) and
(1x107%) This indicates a very low carcinogenic risk. As for
arsenic (As This indicates a moderate potential for

carcinogenic effects, especially in children, while chromium
exceeded the acceptable (Cr), they showed values between
(1x107*) in children, making it a potential health hazard.
The carcinogenic risk (CR) rating for a group of heavy metals
found in urban soil in the city of Kirkuk, and the differences
in risk levels between adults and children across the three
routes of exposure: ingestion, inhalation, and dermal
absorption.

Table 9: Carcinogenic Risk Assessment (CR) values for heavy metals studied in urban soil in the study area and Slope Factor (SF) for the

three pathways.
Metals Avg Age CDl ing SFing CDl inh SFinh CDI demal SF dermal
As 18.6 Adult 1.08 * 10° 1.50 1.65*10° 15.1 1.30 *10® 3.66
18.6 Child 2.03*10° 1.50 0.76 * 10° 15.1 1.71*10° 3.66
cu 24.5 Adult 1.43* 10 2.18 *10°° 0.57 *107
24.5 Child 2.68 * 10 1.00 * 10° 0.73 * 107
Cr 268.9 Adult 1.57 * 10+ 5*10! 2.39 %108 42.0 0.62 *10°¢
268.9 Child 2.94 * 10" 5*10 1,10 * 108 42.0 0.8 * 106
cd 1.1 Adult 6.4 * 107 0.09 *10° 6.3 0.02 *107
1.1 Child 1.20 * 10°® 0.04 * 10° 6.3 0.03 * 107
Co 29.5 Adult 1.73*10° 2.62 *10° 0.06 * 10°°
29.5 Child 3.23*10°% 1.21 *10° 0.08 * 10
Mn 823.1 Adult 4.83 * 10 7.32*108 1.92 *10°
823.1 Child 9.01 *10* 3.37*10°® 2.46 *10°
Ni 145.2 Adult 8.52 * 105 1.29 * 108 8.4*10* 0.33 *10°©
145.2 Child 1.59 * 10+ 5.95*10° 8.4*10* 0.43 * 10°©
Pb 137.9 Adult 8.09 * 10 8.50 *10°3 1.22 * 108 4.2*107? 0.32 *10°°
137.9 Child 1.51*10* 8.50*10°3 5.65 * 10° 4.2*107 0.41*10°
7n 76.1 Adult 4.46 * 10 6.77 * 10° 0.17 *10®
76.1 Child 8.33*10° 3.12*10° 0.22 * 10°©
Table 10: Carcinogenicity risk (CR) values for adults and children in urban soil in Kirkuk
Metals Age CDl ing CDl inh CDI dermal XCR
As Adult 0.587 0.089 0.07 2.09 *10°
Child 1.095 0.041 0.092 3.67 *10°
Cu Adult 0.587 0.089 0.00234
Child 1.095 0.041 0.003
Cr Adult 0.587 0.089 0.00234 7.95*10°
Child 1.095 0.041 0.003 1.4*10*
cd Adult 0.587 0.089 0.00234 5.6 * 100
Child 1.095 0.041 0.003 2.5*101%0
Co Adult 0.587 0.089 0.00234
Child 1.095 0.041 0.003
Mn Adult 0.587 0.089 0.00234
Child 1.095 0.041 0.003
Ni Adult 0.587 0.089 0.00234 5.41*10°8
Child 1.095 0.041 0.003 2.49 * 108
Pb Adult 0.587 0.089 0.00234 6.88 *107
Child 1.095 0.041 0.003 1.28 * 10°
7n Adult 0.587 0.089 0.00234
Child 1.095 0.041 0.003

Table (11) It showed that there is a carcinogenic risk
associated with arsenic (As), with the highest CR values
recorded for both adults and children at (2.09x107°)
(3.67x1075) respectively, which are close to the globally
accepted upper limit (107*), This indicates a potential
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carcinogenic risk, especially in children. It was also found
that the most exposed route is ingestion, followed by skin
absorption, but chromium (Cr) recorded high values, with CR
reaching (7.95X1073) for childern (1.4x107%) It exceeds
acceptable limits, indicating a carcinogenic risk to children.
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Therefore, the risk of chromium comes mainly from
inhalation, which reinforces the importance of air quality as
a factor in assessing health risks. On the contrary, the
carcinogenic risk levels of metals such as cadmium (Cd),
nickel (Ni), and lead (Pb) were lower than in the urban soil of
Kirkuk.

6. Conclusion

The soil accumulation factor for all heavy elements was
found to be uncontaminated to moderately contaminated,
except for lead, which recorded moderate contamination
values in some locations. This may be due to the heavy
vehicle traffic in those areas. The lead element recorded
values for the enrichment factor ranging from moderate to
high enrichment, while most other heavy elements were
moderately enriched, indicating the role of human activities.
The health risk results showed that children are more
vulnerable than adults, with ingestion being the main source
of exposure, followed by inhalation and then skin contact,
particularly for Cr, As, and Zn. The current study found that
the risk quotient and risk index were significantly higher in
children than in adults, particularly for chromium and, to a
lesser extent, arsenic. This may be due to children's behavior
and playing in open public spaces. The carcinogenic risk
index showed that children had higher levels than adults,
especially for chromium, which exceeded the permissible
limit through inhalation compared to ingestion and skin
absorption, followed by arsenic to a lesser extent.
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