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Abstract

The current field study aims to determine the level of heavy metal contamination in the main industrial areas of Mosul City,
northern Iraq, where 12 samples collected and analyzed from the industrial soil areas (6 samples from the soil of the Okab
industry- west of Mosul City) and (6 samples from the soil of the Karama Industry-East of Mosul City), the soil was at depth
(0-15) cm and analyzed by the X-ray Fluorescence for 8 metals included (Pb, As, Cd, Ni, Cr,). The GIS10.6.1 ArcMap
program was used to draw the environmental maps of each metals and to determine the extent of these metals and their impact

on neighboring regions.
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Introduction

The problem of pollution is one of the most pressing
environmental problems that are beginning to take on serious
environmental dimensions, especially after the Industrial
Revolution, technological progress and the use of modern
methods in industry (Abdolhossein et al., 2010).

This contamination extended to include water, air, soil,
because of intensive industrial activity that processes its
pollutants to the environment without treatment (Habib ez al.,
2012)

One of these very serious environmental problems is
heavy metal pollution that accumulates in the environment as
a result of human activities and includes some biological
toxicity metals (Hg, Cd, Pb, Cr, As). As the development of
the global economy has increased, the content of these metals
in the soil has gradually increased as a result of various
human processes and activities (Sayadi and Rezaei, 2014).

Researchers like Jingliang Mei and others have studied
about (Assessment of heavy metals in the Urban River
suburban areas in Suzhou City, Northern Anhui Province,
China; 2011)

12 sample river sediments were analyzed by the X-ray
Fluorescence (Fe, Cu, Zn, Pb, As) and the use of the
enrichment index (EF) and Geographic Accumulation
Index(Igeo) to assess human impact quantitatively (Jingliang
etal.,2011).

In addition, other researchers such as Bing Chen and
others have studied about Size distribution and concentration
of heavy metals in aerosols origin from industrial emissions
as prewritten by the hydroplit model; 2013) Heavy metals,
their movement, , their septicullance and metals (Cr, Co, Ni,
La, Zn, Mo) were described as pollution caused by industrial
emissions in the area (Bing et al., 2013).

It was also carried out in a study by M. Chakravarty and
others about (Metal polynomial assessment in segment of the
Dikong River, N.E. India; 2009). The 9 metals are (Al, Fe,
Ti, Mn, Zn, Cu, Cr, Ni, Pb) where the (ER) indicator is used
and The pollution Load Index (PIL) and Geographic
accumulation Index (Igeo) have revealed that pollution has
resulted from Pb sediments, Cu (M. Chakravarty and A.D.
Patgiri, 2009).

It was therefore necessary to carry out an assessment of
the pollution produced by industrial zones and to know the
extent of the threat to the environment.

Materials and Methods
Background and sample collection

The study area is the city of Mosul, which is located in
the north-western part of Iraq, between the longitude of 41° -
44° and the latitude of 35°-37°. In particular, the two main
industrial areas of the city are the manufacture of the Okab
on the right side (the western part) and the Karama on the left
side (the eastern part) (Figure 1).
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Fig. 1: Location of Study Area.

Sampling

Only soil samples had been collected with depth (0-15)
cm by using a homemade soil sampler. A total of 12 surface
had been collected at industrial zone. Samples was carried in
October 2019. First of all, samples were air-dried in natural
condition, and the debris of animals and plants had been
cleaning by hands. Samples grind and pass through a sieve
(2mm), so they ready to measure.

Analysis of samples: after collecting samples they analyzed
by X-Ray Fluorescence, SPECTRO XEPOS from AMETEK.
(XRF) method was great used for monitoring the
concentration of metals. Using GIS10.6.1 ArcMap program
to Monitors, distributes these metals.

Result and Discussion

The degree of soil contamination with heavy metals is a
measure that identifies environmental pollution as the
increase in heavy metal barges causes serious damage to the
soil, while the decrease in these minerals causes serious
human health complications as the decrease in copper and

manganese elements leads to human heart disease. (Keller,
1976).

Table (1) shows the heavy metals of the Karama
Industry Area and at a depth of 0-15 cm. The table (2) shows
the heavy metals of the Okab Industry Area and at a depth (0-
15) cm.

The results obtained were compared with the WHO,
2003 Handbook (WHO, 2003). Table (3) shows the heavy
metals determinants in soil.

Table 1: Heavy metals of soil samples the area of the Karama industry in unit (ppm).

Cr Ni cd As Depth No. Study of Area
(cm)
93.19 177.20 0.06 0.00 320 15-0 Lil
86.32 22151 0.10 1445 0.15 15-0 Li2
73.32 205.78 0.06 0.00 2.44 15-0 Li3 Al-Karama Industry
82.69 156.15 0.10 0.00 139 15-0 Lid
94.71 170.73 0.1 5.19 1.07 15-0 Li5
76.86 128.88 0.10 1.93 118 15-0 Li6
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Table 2: Heavy metals of soil samples the area of the Okab industry in unit (ppm).

Cr Ni Cd As Pb d(iﬁgl No. Study of Area
257.43 160.43 0.04 8.10 2.28 15-0 Ril
260.00 230.76 0.03 8.21 3.95 15-0 Ri2 Okab Industry
268.34 167.04 0.04 7.31 2.35 15-0 Ri3
276.21 153.65 0.04 1.00 2.19 15-0 Ri4
293.00 136.58 0.01 0.2 3.20 15-0 RiS
287.23 86.08 0.00 0.03 2.76 15-0 Ri6
Table 3: The specific values for concentration of heavy Lead (Pb)
metals in the soil. WHO, 2003 (ppm). The results in a table (1) showed that the lead
metal values in the soil of the Karama Industry ranged
Standard Specified value between (0.15-3.20) ppm. The lead component values
in this region are lower than the World Health
Cd 1-3 Organization (WHO), 2003 is 50 ppm global
Ni 30-75 determinants. The maps obtained by GIS10.6.1 show
the distribution of lead Concentration in the surface of
Pb 50-300 the Karama Industry Area Figure 2. Maps show a clear
Cr 13 increase in lead in areas near replacement stores for the
batteries of the Hat cars and plastic recycling

laboratories containing lead in their waste.
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Fig. 2 : Shows the distribution of lead in the soil of the Karama industry.
The results in a table (2) showed that the lead metal values in the soil of the Okab Industry ranged between (2.19-
3.95) ppm. The lead component values in this region are lower than the World Health Organization (WHO), 2003
is 50 ppm global determinants. The maps obtained by GIS10.6.1 show the distribution of lead concentration in the
surface of the Okab Industry Area Figure3. The maps show a clear increase of metal in the areas near the remains
of the car swarms that were exposed to bombardment during the last war on Mosul city and the areas that were
exposed to bombardment.

lse sa)g dslia

Pb oct

B 2. 197056532 - 2.390905062
[T ] 2.390905063 - 2584753593
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I 3360147716 - 3.553996245
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Fig. 3: Shows the distribution of lead in the soil of the Okab industry.
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Arsenic (As)

The arsenic metal is widely distributed among great and
different types of minerals in Earth's crust and has a value of
2 ppm. It is found in rocks at (1-3) ppm and sediments rock
(1 - 25) ppm and is usually found in high concentration of up
to 400 ppm and above arsenic is present in most soil at (0.1-
40) ppm. Where arsenic enters the surrounding environment
in the form of arsenic oxide, which is more toxic (Carlin et
al., 2016).
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The results in a table (1) showed that the Arsenic metal
values in the soil of the Al-karama Industry ranged between
(0-14.45) ppm. The maps obtained by GIS10.6.1 show the
distribution of the arsenic metal of the surface of the Karama
Industry Figure 4. Maps show a clear increase in arsenic in
areas close to carving workshops and wood laboratories
containing arsenic in their wastes.
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Fig. 4: Shows the distribution of Arsenic in the soil of the AL-karama industry.

The results in a table (2) showed that the Arsenic metal
values in the soil of the Okab Industry ranged between (0.03—
8.21) ppm. The maps obtained by GIS10.6.1 show the
distribution of the arsenic metal in the surface of the Okab
Industry Area Figure 5.The maps show a clear increase in

arsenic in the areas close to the remains of the car swarms
that were bombed during the last war in the city, as well as
the buildings that were bombed, indicating that the
ammunition used contained arsenic in its installation.
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Fig. 5 : Shows the distribution of Arsenic in the soil of the Okab industry.
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Cadmium (Cd)

Cadmium is a metal that has the potential to be seen on
the surface of the spectral surface, including the
montmorillonite, which has many heavy elements, including
cadmium (Drever, 1997).

The results in a table (1) showed that the Cadmium
metal values in the soil of the Al- karama Industry ranged
between (0.06 — 0.10) ppm. The maps obtained by GIS10.6.1

Assessment of heavy metal pollution of industrial zones in Mosul city

show the distribution of the cadmium component in the
surface of the Karama Industry Area Figure 6. Maps show a
clear increase in cadmium in areas near the plastic recycling
plant that are cadmium waste.

According to who manual WHO. 2003 the presence of
the cadmium metal in this area is below the permitted limit
where the evidence indicates that the allowable concentration
is (1-3) ppm.
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Fig. 6 : Shows the distribution of Cadmium in the soil of the Al-karama industry.

The results in a table (2) showed that the Cadmium
metal values in the soil of the Okab Industry ranged between
(0.00-0.04) ppm

The maps obtained by GIS10.6.1 show the distribution
of the cadmium metal in the surface of the Okab Industry

Area Figure 7. Maps show a clear increase in cadmium in
areas close to tanning workshops and car batteries.
According to the who, 2003 Guide on the permissible limit of
the cadmium metal, it is crossing less than the permitted limit
of (1-3) ppm.
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Fig. 7 : Shows the distribution of Cadmium in the soil of the Okab industry.
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Nickel (Ni)

The nickel metal is characterized by its presence in
various types of soil, where the barricades vary between arid
and semi-arid regions and between tropical regions and have
the highest concentration in base-superior rocks such
limestone (Aubert and Pinta, 1977).

The results in a table (1) showed that the Nickel metal
values in the soil of the Al- karama Industry ranged between
(128.88 —221.51) ppm.

The maps obtained by GIS10.6.1 show the distribution
of the nickel metal in the surface of the Karama Industry
Area Figure 8. Maps show a clear increase in nickel in areas
close to accumulated industrial waste. According to who's
Guide who, 2003 the nickel component presence is
considered contaminated in this area where it exceeded the
limit, where the evidence indicated that the allowable
concentration is (30-75) ppm.
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Fig. 8: Shows the distribution of Nickel in the soil of the Al-karama industry.

The results in a table (2) showed that the Nickel
element values in the soil of the Okab Industry ranged
between (86.08 — 230.76) ppm.

The maps obtained by GIS10.6.1 show the distribution
of the nickel metal in the surface of the Okab Industry Area

Figure 9. Maps show a clear increase in nickel in areas close
to industrial area waste. According to the WHO, 2003 Guide
on the limit allowed for the nickel metal in the soils, it is
considered contaminated to approach this area where the
permitted values (30-75) per ppm are exceeded.
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Fig. 9 : Shows the distribution of Nickel in the soil of the Okab industry.
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Chromium (Cr)

The presence of the Chromium metal depends on the
nature and type of the original rock generated for which it is
abundant in most rocks of Earth's crust, and there are varying
concentrations in different types of rock. In volcanic rocks,
its concentration (200-300) ppm and in acidic rocks is
concentrated (20-40) ppm.

The results in a table (1) showed that the values of the
Chromium metal in the soil of the Karama Industry ranged
between (73.32 - 94.71) ppm.

Assessment of heavy metal pollution of industrial zones in Mosul city

The maps obtained by GIS10.6.1 show the distribution
of the Chromium component of the surface in the Karama
Industry Area Figure 10. Maps show a clear increase in the
Chromium component in areas close to car tanning shops.
According to WHO Guide 2003 the presence of the
Chromium component is considered contaminated in this
area where it exceeds the limit, where the evidence indicates
that the allowable concentration is (1-5) ppm.

a8 dclia

Cr oct

B 73 34755707 - 7571786245
[ 75.71786246 - 78.08816783
[ | 78.08816784 - 80 45847321
[] 80.45847322 - 82.82877858
|| 8282877850 - 85 10008396
[ 5 19908397 - 87 56038934
I s7.56938935 - 89.93969472
|| 8993869473 - 92 3100001
[] 92.31000011 - 94.68030548

4370w

431140

11zoE

0.3 Kilometers

Fig. 10: Shows the distribution of Chromium in the soil of the AL-karama industry.

The results in a table (2) showed that the Chromium
metal values in the soil of the Okab Industry ranged between
(257.43 - 293.0) ppm.

The maps obtained by GIS10.6.1 show the distribution
of the Chromium metal in the surface of the Okab Industry
Area Figure 11. Maps show a clear increase in the Chromium

component in areas close to the industrial zone's waste.
According to the WHO, 2003 Guide on the permitted limit
for the Chromium metal in the soils, it is considered
contaminated soil in this area where the permitted values
(1-5) per ppm are exceeded.
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Fig. 10: Shows the distribution of Chromium in the soil of the Okab industry.
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Conclusions

The results obtained for heavy metals and compared to
the WHO, 2003 manual and by monitoring their distribution
using the ArcMap GIS software show that these areas are
already contaminated with (Ni, CR, As) metals that have
Exceeded the specified values. In addition, Pb and Cd
elements are within the allowed values.
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