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ABSTRACT

Soil sediments were studied in three areas in the northern Gulf within
Iraqi territorial waters, where sediments were collected to cover all
depths from 0 to 40 meters below the sea floor. The concentrations of
the elements lead (Pb), cadmium (Cd), nickel (Ni), chromium (Cr), and
vanadium (V) were measured using the inductively coupled plasma
optical emission spectroscopy (ICP-OES), and arsenic (As) was
determined by the graphite furnace atomic absorption spectrometry
(GF-AAS) (%RSD < 5). The detection limits of Pb, As, Cd, Ni, Cr,
and V were obtained at 0.511, 0.554, 0.525, 0.528, 0.501, and 1.221
pg L, respectively. The Geoaccumulation Index (I-geo) compares
the concentration of heavy metals in six classes in a sediment sample
to its background value. The results were compared using I-geo
calculations, which indicated high levels of contamination for arsenic
and cadmium, with I-geo values ranging from 2.5 to 6.7 for arsenic,
with moderately to significantly contaminated (Class 3 and 6), and
from 2.4 to 3.9 for cadmium, with moderately to heavily contaminated
(Class 3 and 4). There were lower contamination rates for nickel, as
the I-geo values ranged from 0.23 to 2.09, while the concentrations
of lead, chromium, and vanadium remained within safe levels. So,
no dangerous concentrations for Pb, Ni, Cr, and V were found in any
areas or depths from 0 to 40 meters below the seafloor.

1. Introduction

especially in areas where human activities, such

Heavy metals are among the key components
of the Earth’s crust. The level of heavy metals
in soil varies widely depending on geological
formation, depth, and location [1]. These elements
can have a significant impact on the environment,
economy, and human health when present in soil.
Therefore, it is essential to understand the levels
and concentrations of these minerals in sediment,
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as commercial, industrial, agricultural, and marine
fishing, are closely linked to the sediment [2].
The Earth’s crust contains about 15 ug g of lead.
Lead levels in global soils vary from 2 to 200 pg
g on average. Lead is also present in many rocks,
including argillaceous and magmatic types, where
it can be found in significant amounts (1040 ug
g, as well as in ultramafic rocks (0.1-10 pg
g!) [3]. Cadmium is regarded as a rare element.
Although its approximate abundance in the earth’s
crust is 0.1 pg g, it is not found in nature as a
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free metal [4]. The cadmium is present in sediment
and volcanic rocks, such as Ultramafic 0.12 pg
g!, Mafic 0.13-0.2 ug g!, Granite 0.09-0.2 pug g,
Limestone 0.028-0.1 pg g', and Sandstone 0.05
ug g'[5]. The most common combinations of
Nickel are found in iron-nickel sulfide minerals,
such as pentlandite and millerite as a nickel-sulfur
compound (NiS), limonite (iron oxide-hydroxides),
nickel oxyhydroxide, where iron (Fe) is doped into
the structure (Fe, Ni)-OOH, nickel-rich silicate
minerals (garnierite), and arsenic with nickel in
Nickeline [6]. In nature, nickel is typically found in
small amounts, with concentrations of 100 pg g in
soil and 1.0 pg L' in seawater [7]. Chromium, with
an average concentration of 100 parts per million,
is the 21st most abundant element in Earth’s crust
[8]. The amounts of chromium are around 10 ug L'
in the ocean, less than 1.0 pg L' in sediment, and
less than 500 pug g' [9]. Ore, known as chromite
(FeCr,0,), is mined for chromium [10]. Vanadium
is present at 0.01% in the Earth’s crust [11]. In terms
of the natural abundance of chemical elements
in the crust of Earth, vanadium is ranked twenty-
first. Vanadium occurs naturally as chemical
compounds in about 65 different minerals [12,13].
Carnotite [14], diclosite [15], and vanadinite as a
red or orange hexagonal crystal [16] are the three
most significant minerals, apart from Patronite as a
black mixture of vanadium minerals [17]. Several
techniques used for measuring heavy metals, such as
ultrasound-assisted-dispersive solid-liquid multiple
phase microextraction (USA-DSL-MPME)  [18-
21], atomic absorption spectrophotometer [22,23],
electrothermal atomic absorption spectrometry
(ET-AAS)  [24-26],
dispersive ionic  liquid —liquid microextraction
(CP-DILLME) [27-29], and inductively coupled
plasma mass spectrometry analysis (ICP-MS)

cloud  point-assisted

[30,31]. The northern Gulf region is of particular
interest for studying heavy metal contamination in
marine sediments due to its proximity to industrial
and urban centers [32]. This region plays a crucial
role in global hydrocarbon production, particularly
oil and gas [33]. Research has consistently shown
that extracting crude oil near deep reserves can

lead to increased levels of heavy metal pollutants
being released from underground sources. These
pollutants are then transported during the extraction
process [34]. While studies have examined the
concentrations of heavy metals in the bottom
sediments of the northern Gulf over various time
periods, most have focused on shallow depths of
less than one meter with a horizontal distribution
[35]. Arsenic is one of the toxic elements, and it
does not play a vital role for humans; It has minor
natural effects in the body. Increased concentration
of this element in non-arsenic organs can lead to
poisoning; however, it plays a crucial and detailed
role in chromosomes throughout the body [36, 37].
Arsenic is commonly used in industry, especially
in semiconductor manufacturing in the electronic
industry. Arsenic also enters alloys during their
installation with lead. However, the recent
applications are decreasing due to the toxicity of
arsenic and its compounds, as well as the risk of
contamination in underlying groundwater [38,
39]. There is a lack of information regarding the
presence of heavy metals in deeper sediment layers.
It has become evident that analysing deep, vertical
core samples taken tens of meters below the seabed
is essential for understanding the distribution of
heavy metals in sediments at greater depths.

2. Materials and Methods

2.1. Chemicals

Several chemical materials were used, including
nitric acid (65%) and hydrochloric acid (37%)
from Sigma, Germany (CAS number: 7697-
37-2 and 7647-01-0, respectively). Perchloric
(70%) and Hydrofluoric acid (40%) from Sigma
company with CAS number: 7601-90-3 and 7664-
39-3, respectively. Multi-element (Pb, As, Cd,
Ni, Cr, and V) standards were used and supplied
by Merck. Heavy metals such as Lead (Pb, CAS
number:7439-92-1), Arsenic (As, CAS number:
7440-38-2), Cadmium (Cd, CAS number: 7440-
43-9), Nickel (Ni, CAS number: 7440-02-0),
Chromium (Cr, CAS number: 7440-47-3, and
Vanadium (V, CAS number: 7440-62-1) were
prepared from Sigma, Germany.
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2.2. Instrumentation

The instruments used for drying, weighing,
digesting collected samples, and ovens were
purchased from Baird and Tatiock, England. The
Citizen CY-204 is an analytical balance designed
for measurements with a maximum capacity of
220g and a readability of 0.1mg. The balance-
instrument model Citizen Cy-204 and the hot
plate magnetic stirrer from the Velp company.
The metals were measured using ICP-OES from
Thermo Fisher Scientific, Germany. The details of
the ICP-OES are explained in Table 1.
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2.3. Sampling

Three sediment cores from the seabed of the
northwest Gulf were used, as shown in Figure 1.
Each core covered a 40-meter depth column.
The sediment cores were stacked in a five-
meter-long polyethylene box with a depth-
based meter number on each meter of sediment.
As a result, we have 24 boxes, each containing
eight boxes of sediments from a 40-meter-
long continuous core, arranged and numbered
sequentially, as shown in Figure 2.

Table 1. Conditions of ICP-OES for metal analysis

Parameters Ranges
Dimensions (D x W x H) 690 x 615 x 933 mm
Purge Gas Flow 3.4 Lmin’!
Spectral Bandpass 7 pm at 200 nm
Standard Sampling Kit Glass cyclonic spray chamber with EMT Duo torch
Warm Up Time 1 hour from off, 15 minutes from standby
Wavelength Range 167 to 852 nm
Auxiliary Gas Flow MEC stabilized, fixed at 0.5 L min!

Nebulizer Gas Flow
Peristaltic Pump
Plasma Gas Flow

MFC tunable, 0.3-0.8 Lmin™!
3-channel (0 or 45 rpm)
MEC stabilized, fixed at 12.5
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. Map showing the study area and sampling areas
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Fig. 1b. Two boxes containing core sediment samples and a sampler

2.4. Procedure

1.0 g of dry sediment sample was taken and placed
in a Teflon flask. 6.0 mL of a 1:1 mixture of
concentrated nitric and hydrochloric acids was added
to the sample. The Teflon flask with the contents was
heated on a hot plate at 80°C until the sample reached
near dryness. (The temperature limitations of PTFE
are 260°C or 500°F). After that,4 mL of a 1:1 mixture
of concentrated hydrofluoric and perchloric acids
was added to the sample. The Teflon flask with the
contents was reheated on the hot plate at a temperature
of 70°C until the sample reached near dryness. To
the precipitate formed, 20 mL of 0.5M hydrochloric
acid was added. The solution was left for 10 minutes,
after which it was transferred to special test tubes and
placed in a centrifuge at 3000 rpm for 20 minutes.
Transfer the clear solution containing the element
ions to a 25 mL volumetric flask and fill the volume
to the mark with ion-free water. The complete sample
information, including the sample number, sediment
column number, and depth, was recorded on the
volumetric vial [40]. All prior steps were carried
out on all sediment samples from the three columns,
with 16 samples in each column. Finally, the samples
were analyzed using multielement standards by ICP-
OES and GF-AAS. Additionally, the Anton Paar
Multiwave 3000 microwave system (model 3000) is
used for validating the digestion process which was
shown in Schema 1.

2.5. I-geo index calculation
Using Muller’s equation [29] for various metals,
the geoaccumulation index was determined as
shown in Equation 1. The I-geo accumulation
index is shown in Table 1.
I-geo =log, (C/ 1.5 B) (Eq.1)
Where C is the measured value for the metal
concentration in the sediment, while B is the
background value for the metal content in the soil
(V60 pugg', As0.25 ugg',Cd0.1 pgg',Cr 100 ug
g!, Ni20 ug g, and Pb 15 pg g') [4], I-geo values
were categorized using Muller classification [35].

3. Results and Discussion

Heavy metals, including lead, mercury, cadmium,
chromium, and nickel, are often associated with oil
contamination. When these metals are released into
the ecosystem through oil pollution, they can have
detrimental impacts on both living things and the
environment [41]. The results showed convergence
in the heavy metal concentration in surface samples,
attributed to the proximity of the locations from
which the samples were taken. In contrast, models
with a vertical distribution showed variation in the
measured heavy metal concentration. This is due
to the difference in depositional periods, as surface
sediments are mostly considered modern deposits,
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Schema 1. Determination of heavy metals in sediments by ICP-OES and GF-AAS

Table 1. Geoaccumulation index (Igeo) for sediment pollution

Class type I- geo value Case of sediment pollution

Class one less than zero Background sample

Class two 1-2 Unpolluted to moderately polluted
Class three 2-3 Moderately polluted to polluted
Class four 3-4 Strongly polluted

Class five 4-5 Strongly to extremely polluted
Class six >5 Extremely polluted

I- geo: Geo accumulation index

approximately 100 years old, while sediments with
depths of up to 35-40 meters date back to the recent
Holocene era (approximately 10,000 years ago).
The results showed that the lead concentrations
of the three core samples under study are high at
depths near the sea floor (from 0 to 1) metres. After
a depth of 1 meter, lead concentrations begin to
decrease with increasing depth, as the lowest value
was recorded at a depth of 18 meters below the
bottom. However, lead concentrations increased
again in sediment samples taken from a depth of 22
to 40 meters, as shown in Figure 2. The difference
in lead concentration in the sediments under study
may be due to the difference in sedimentation time.
These results are consistent with the results of soil

texture examination, which clearly indicated that
sediments from a depth of (0 to 22 metres) are
similar and often date back to the same period of
deposition in the Holocene era. Although the soil
texture at depths of 35 to 40 meters differed, it
was deposited within sediments of the ice age. The
index of I-geo results was calculated for three cores
and revealed a value within class 1 according to
the Miiller classification. The concentration of lead
and arsenic in the sediments from a depth of 0 to
one meter in Core No. 3 is the highest compared to
the same depths in Core No. 2 and Core No. 1, and
from observing the geographical location of Core
No. 3, which appears to be farther away than the
location of Core No. 3 from the coastline compared
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to the area of Cores 1 and 2. (Figures 2 and 3).
Therefore, the surface sediments of Core No. 3
are in greater contact with marine water, which
increases the period and ability of the sediments
to absorb lead and arsenic. Especially since
these marine waters are an area of petroleum and
hydrocarbon activity, as increasing concentrations
of lead and arsenic are often accompanied by

Anal. Methods Environ. Chem. J. 8 (3) (2025) 119-132

increased hydrocarbon pollution, since their
source is underground.

When comparing the I-geo values of lead given in
Table 2 with the reference I-geo values shown in
Table 1, we notice that all values for all depths in
the three sites under study are less than zero. This
indicates a practically unpolluted Background
sample.

Meter

=
0
1N

- u Pb core 3

EPb core 2

mPb core 1

0 2000 4000

Concentration (ugL™?)

6000 8000 10000

Fig. 2. Concentration of lead (Pb) in sediments at depths from 0 to 40 meters below the
seafloor in three locations by ICP-OES and GF-AAS

Table 2. The measurements of the geo-accumulation index for lead
at all depths based on core concentration (ng g™')

Conc. Conc. Conc.
Depth, m I-geo I-geo I-geo
Core 1 Core 2 Core 3
-0.1 5117.49 -2.136 5927.88 -1.924 7488.75 -1.587
-0.35 4950.24 -2.184 6151.59 -1.871 5370.99 -2.067
-0.7 4915.482 -2.195 5448.84 -2.046 6454.86 -1.801
-1.1 4425.15 -2.346 5493.54 -2.034 5821.1 -1.951
-6 544494 -2.047 5449.8 -2.046 4787.4 -2.233
-18 3969.78 -2.503 3301.92 -2.769 3320.6 -2.760
-22 4284.81 -2.393 5895.45 -1.932 4525.1 -2.314
-35 3495.438 -2.686 5733.7 -1.972 7469.88 -1.591
-40 3868.86 -2.540 5221.53 -2.107 5113.74 -2.137
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Fig. 3. Concentration of arsenic in sediments at depths from 0 to 40 meters below the

seafloor in three locations

While the I-geo values for the Arsenic element,
given in Table 3, indicate that most of the samples
and for all depths in the three studied sites have
I-geo values ranging from 2 to 6, depending on the
location and depth of the sample, as the soil samples
were in Core column number one has I-geo values
from 2-4 which indicate moderately polluted to
polluted -strongly polluted, With the exception
of the soil sample taken at a depth of 18 meters,
which showed I-geo values of more than 5, which
is considered the highest classification of pollutants

As for the sediment samples in core column No. 2
and 3, most of them showed very high I-geo values
from (5 to 6), which indicate the classification
strongly to extremely polluted-extremely polluted.
In general, the surface samples taken from the
three sites had higher I-geo values when compared
to sediment samples taken from greater depths in
the same core column. Therefore, surface samples
are more contaminated with arsenic. This may be
because surface sediments, being in direct contact
with marine waters, are more likely to absorb

Table 3. The measurements of the geo-accumulation index for arsenic (As)
at all depths based on core concentration (ng g)

Conc. Conc. Conc.
Depth, m I-geo I-geo I-geo
Core 1 Core 2 Core 3
-0.1 3478.68 3.214 18653.94 5.636 39027.39 6.701
-0.35 2650.41 2.821 12569.76 5.067 12196.02 5.023
-0.7 3828.60 3.352 12025.14 5.003 16593.93 5.468
-1.1 2883.84 2.943 12288.33 5.034 13853.16 5.207
-6 4340.40 3.533 15087.06 5.330 14323.83 5.255
-18 15899.37 5.406 11966.10 4.996 7545.43 4.331
-22 3490.95 3.219 14520.00 5.275 7492.21 4.320
-35 2149.11 2.519 15691.08 5.387 13669.98 5.188
-40 4151.03 3.469 21328.83 5.830 24351.48 6.021
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pollutants associated with petroleum activities in
the aquatic environment.

Figures 4, 5, 6, and 7 indicate that the three cores
of sediment under study all show an increase in the
concentrations of cadmium, nickel, chromium, and
vanadium with increasing sediment depth, reaching
their highest concentrations at depths of 18 to 22
meters. Then the concentrations of these elements
begin to decrease in sediments at depths of 35 to
40 metres. The results also showed that comparing
the concentrations of these elements at the same
depth for the sediments of the three cores indicates

that the concentrations of cadmium, nickel and
chromium are often high in the sediments of Core
No. 1. The lowest value in the sediments of Core
No. 3. Thus, the vertical and horizontal distribution
and spread of these three elements in the sediments
is opposite to the pattern of distribution and spread
of lead and arsenic in those same sediments.

The I-geo values for cadmium in Table 4 showed
relatively high values, ranging from 2 to 4 in all
sediment samples under study. By comparing
these values to Table 1, we note that the sediments
studied in the three regions and at all depths are

Meter
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-18 * —

-6 - —§ Cd core 3
1.1 — B mCd core 2
0.7 = mCdcore 1

-0.35 e =
-0.1 = =
0 500 1000 1500 2000 2500 3000
Concentration (ugL™)

Fig. 4. Concentration of cadmium in sediments at depths from 0 to 40 meters below
the seafloor in three locations

Table 4. The measurements of the geo-accumulation index for cadmium (Cd)

at all depths based on core concentration (ng g)

Conc. Conc. Conc.
Depth, m I-geo I-geo I-geo
Core 1 Core 2 Core 3
-0.1 1778.04 3.567 1612.26 3.426 1232.97 3.039
-0.35 1855.41 3.629 1641.66 3.452 1225.68 3.031
-0.7 1887.238 3.653 1819.56 3.601 1140.06 2.926
-1.1 1567.92 3.386 1721.37 3.521 1245.70 3.054
-6 2128.98 3.827 1852.95 3.627 1308.27 3.125
-18 1859.43 3.632 566.55 1.917 821.20 2.453
-22 1515.84 3.337 2286.06 3.930 846.80 2.497
-35 954.788 2.670 1476.6 3.299 947.79 2.660
-40 1140.19 2.926 1506.72 3.328 1336.20 3.155
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Fig. 5. Concentration of nickel in sediments at depths from 0 to 40 meters below the

seafloor in three locations

Table 5. The measurements of the geo-accumulation index for Nickel (Ni)
at all depths based on core concentration (ng g™)

Conc. Conc. Conc.
Depth, m I-geo I-geo I-geo
Core 1 Core 2 Core 3
-0.1 105708.1 1.817 85,483.77 1.511 64,131.63 1.096
-0.35 116971.7 1.963 84,291.93 1.490 62,079.84 1.049
-0.7 125964.4 2.070 103,916.04 1.792 59,108.25 0.978
-1.1 81178.71 1.436 103,204.38 1.782 61,796.34 1.043
-6 125964.4 2.070 113,189.61 1.916 68,953.14 1.201
-18 128412.2 2.098 16,430.70 -0.869 38,853.71 0.373
-22 62991.36 1.070 79,936.17 1.414 35,409.42 0.239
-35 43450.4 0.534 83,622.30 1.479 35,828.46 0.256
-40 59388.92 0.985 88,715.55 1.564 85,254.60 1.507

within the moderately polluted to polluted or
strongly polluted level.

From observing the I-geo values for nickel in Table
5, we find that most of the values ranged from 0 to 2
in all sediment samples under study. By comparing
these values to Table 1, we note that the sediments
studied in the three regions and at all depths are
unpolluted to moderately polluted.

The (I-geo) values for both elements, chromium
and vanadium, in Tables 6 and 7 indicate that
most of the values are less than 0 for all sediment
samples under study. By comparing these values
to those in Table 1, we notice that the sediments
studied in the three regions and at all depths are
classified as number one (practically unpolluted,
background samples).
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Fig. 6. Concentration of chromium in sediments at depths
from 0 to 40 meters below the seafloor in three locations.
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Fig. 7. Concentration of vanadium in sediments at depths
from 0 to 40 meters below the seafloor in three locations
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Table 6. The measurements of the geo-accumulation index for chromium (Cr)
at all depths based on core concentration (ng g™)

Conc. Conc. Conc.
Depth, m I-geo I-geo I-geo
Core 1 Core 2 Core 3
-0.1 91365.39 -0.71524 77,094.54 -0.96026 60,743.13 -1.30417
-0.35 110815.8 -0.4368 86,690.88 -0.79101 67,428.51 -1.15353
-0.7 100910.70 -0.57188 100,269.42 -0.58108 63,340.59 -1.24376
-1.1 75316.35 -0.99393 87,007.14 -0.78576 65,462.72 -1.19622
-6 105016.10 -0.51435 103,548.03 -0.53466 70,999.68 -1.07908
-18 116018.70 -0.37061 27,022.77 -2.47272 48,385.67 -1.63231
=22 65929.98 -1.18596 86,112.06 -0.80068 46,335.05 -1.69479
-35 50927.61 -1.55844 69,356.18 -1.11287 49,116.99 -1.61067
-40 69422.63 -1.11148 83,152.32 -0.85113 82,963.80 -0.85441
Table 7. The measurements of the geo-accumulation index for vanadium (V)
at all depths based on core concentration (ng g)
Conc. Conc. Conc.
Depth, m I-geo I-geo I-geo
Core 1 Core 2 Core 3

-0.1 11706.81 -2.943 11786.79 -2.933 10780.47 -3.062

-0.35 10116.36 -3.153 12294.54 -2.872 8707.08 -3.370

-0.7 17314.33 -2.378 10910.88 -3.044 9348.6 -3.267

-1.1 12857.61 -2.807 12317.34 -2.869 9511.61 -3.242

-6 2551.08 -5.141 10550.22 -3.093 9792.81 -3.200

-18 12554.07 -2.842 6288.03 -3.839 8066.82 -3.480

=22 11980.23 -2.909 6828.72 -3.720 8248.15 -3.448

-35 8724.23 -3.367 7251.7 -3.634 8771.91 -3.359

-40 7694.608 -3.548 7311.34 -3.622 10434.93 -3.109

4. Conclusions

The concentrations of the elements lead (Pb),
cadmium (Cd), nickel (Ni), chromium (Cr),
vanadium (V), and arsenic (As) were determined
using the inductively coupled plasma optical
emission spectroscopy (ICP-OES) and graphite
furnace atomic absorption spectrometry (GF-AAS)
after microwave digestion (MWD) of sediments.
Lead and arsenic concentrations are higher in the
samples of Core No. 3 compared to Cores 1 and
2, but lead concentrations remain within normal
concentrations, and the (I-geo) values did not show
any level of lead contamination for all samples
under study whereas the concentrations of arsenic
have emerged with high pollution indicators in all

samples of sediments and for all depths, according
to I-geo values of arsenic the highest indicators of
pollution in shallow samples were from 0-1 meter,
which may be attributed to petroleum and industrial
activity and the ability of surface deposits to adsorb
arsenic from marine water. Cadmium and nickel
concentrations differed according to the depth of
the samples and their locations, but they showed
noticeable differences, with high concentrations.
The I-geo values for cadmium showed relatively
high values, ranging from 2-4 in all sediment
samples under study. We note that the sediments
studied in the three regions and at all depths are
within the moderately polluted to polluted or
strongly polluted level. In contrast, the values of the



130

Anal. Methods Environ. Chem. J. 8 (3) (2025) 119-132

I-geo for nickel showed values ranging from 0.2 to
2.1, which indicate that not all sediments studied are
moderately polluted. All studied sediment samples

had natural concentrations of chromium and

vanadium, and the I-geo values were low, indicating

that they did not have any level of pollution.
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