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Abstract
Received: Investigating the heavy metals in soil is important to the life of humans and living organisms.

9 October 2023 Diyala River Lower Reaches was chosen due to the changes in environmental characteristics
that took place in recent years. Twelve sediment samples were collected from four different

?JC::uTr(;dzzom sites. The physical, and chemical properties and the concentrations of nine heavy metals were

indicated. The results showed that the average concentrations of arsenic, copper, chromium,
Published: cobalt, iron, manganese, nickel, lead, and zinc are 8.5, 45.7, 538.5, 12.2, 5.07, 991.7, 183.5,
30 April 2024 16.07, 136.5 ppm, respectively. They reflect contamination with arsenic, chromium, and

nickel, while they are free of lead, and zinc contamination, according to the Environmental
Protection Agency's (EPA) sediment quality guidelines. The measured contamination indices
(the enrichment factor (EF), contamination factor (CF), degree of pollution (Cdeg),
geographical accumulation index (Igeo), and pollution load index (PLI)), reflected high
contamination factor for arsenic and chromium, and medium for manganese, nickel, lead, and
zinc, while low for copper and cobalt. Based on all the results in all sampling sites indicate the
presence of heavy element contamination in the sediments of the Diyala River Lower Reaches.

Keywords:  Heavy Metals; Sediments; Diyala River; Pollution; Geo-accumulation index.

1. Introduction

Sediments are an integral part of aquatic systems and they play a major role in the hydrological,
geomorphological, and ecological performance of basins and estuaries, lakes, reservoirs, and coastal
areas (Tundu et al., 2018). In natural and agricultural systems, sediments originate from weathering of
rocks, soil erosion, erosion of river banks, as well as landslides and debris flows in most river basins,
which are rich in organic matter from a range of sources such as riparian trees and fish (Macklin et al.,
2003). Toxic compounds including metals tend to accumulate in the sediments of water bodies through
complex physical and chemical adsorption mechanisms that depend on the nature of the sediment matrix
and the properties of the adsorbed compounds (Al-Jaberi et al., 2016). The investigation of pollution
with heavy elements is one of the important methods in assessing the quality of sediment and the
environmental risks resulting from it (Yang et al., 2021).

The physicochemical and geochemical characteristics, organic content, pH, electrical conductivity,
and total dissolved salts of sediments in river environments are affected by climate and human activities,
(Diab et al., 2014; Bhuyan et al., 2019).

Most of the heavy metals are do not decompose and usually present in the contaminated sediments
with weights higher than 5 g/cm, (Gorhe & Paszkowsi, 2006). They can be found naturally in soil or
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due to human activities and enter the food chain and form complex toxic compounds that lead to a
harmful effect on biological functions (Lenart & Wolny-Koladka, 2012). Natural sources include
atmospheric emissions from volcanoes, continental dust transport, and weathering of element-rich rocks.
It is believed that a large part of the lead, nickel, and iron find their way into the environment due to the
combustion of diesel oil and oil spills (Qadoori & Al-Tawash, 2021).

The mechanisms of heavy metals pollution include industrial, agricultural, and municipal
discharge of wastewater (Al-Dabbas & Abdullah, 2020).

The Diyala River is one of the main water sources of Irag. It is one of the most important tributaries
of the Tigris River, as the river basin varies widely across the entire drainage basin area or watershed
from a semi-arid plain north of Baghdad to a mountainous region in western Iran (Mahmood and
Alkhafaji, 2017). The Diyala River meets the Tigris River south of Baghdad and affects the water quality
of the Tigris River.

From a geological point of view, a river watershed contains different geological units. It is noted
that the Lower Diyala Basin area is mainly covered by modern sediments within the unfolded zone,
while the watershed is connected to the Diyala River within heavily cultivated areas, containing many
irrigation channels, sewage channels, and wastewater, which contributes to and affects the river's aquatic
chemistry (Hamza, 2012).

Many Pollution studies have been conducted on the Diyala River, reflected that the Diyala River is
seriously polluted with heavy metals, which indicates the presence of a potential danger, that may affect
people’s health (Abdullah, 2013; Issa and Alshatteri, 2021).

The sediments act as a reservoir for pollutants and constitute a potential source to transport them
in the water and living organisms. The Diyala River has an important geographical location in Iraq and
is exposed to many pollutants from various sources due to the lack of sufficient information on the
availability and percentages of pollution in recent years. It was chosen in this study to assess the level
of Contamination of its sediments with heavy metals by indicating contamination indices such as the
enrichment factor (EF), pollution factor (CF), pollution degree (Cdeg), geographical accumulation index
(Igeo), and pollution load index (PLI) (Rahman et al., 2022).

Therefore the current study aimed to evaluate the quality of sediment pollution with heavy metals
and its impact on the pollution of the Diyala River Lower Reaches.

2. Materials and Methods

2.1. Study area Description

The sampling sites of the Diyala River Lower Reaches represent the area below the Hamrin Dam
up to the connection of the Diyala River (mouth) with the Tigris River. The study area is located between
Longitude 44°38'12.9"E and 44°32'20.8"E, and latitudes 33°50'36.1"N and 33°17'01.6"N. It is within
the sedimentary plain, and it extends over 1940 km? (Al-Musawi, 2018). The sampling sites are Had
Maksar, Al-Batool Teaching Hospital, the Iron Bridge- Shafta village, and the Al-Rustamiya Refinarry
project.

2.2. Sample Collection and Laboratory Analysis

Twelve sediment samples were collected from the four different sites. Three samples of each site
(A, B, and C) were taken using a grab sampler for the period between August 19 and 25, 2023 (Fig. 1,
Table 1). The samples (1 kg weight) were kept in tightly closed polyethylene plastic bags, and all the
field information was recorded. The samples were transferred to the laboratory within a portable cooling
box containing ice bags, to maintain a temperature of 4 °C and analyzed at the University of Baghdad,
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College of Science, Department of Geology. Sample specification analysis was conducted within two
weeks based on APHA, 2017 procedure.
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Fig. 1. The location maps of sample sites within Diyala Governorate.
Table 1. Description of the location of the samples with the location codes.
Sam_ple Site description Longitude-E Latitude-N
locations
S(A)1 Residential and agricultural 44°38'12.9"E 33°50'36.1"N
S(B)1 (orchards and fields) near fish 44°38'10.2"E 33°50'41.4"N
S(O)1 farming ponds 44°38'15.2"E 33°50'31.2"N
S(A)2 Residential buildings near the 44°37'54.0"E 33°44'50.5"N
S(B)2 waste pumping of Al-Batoul 44°37'54.7"E 33°44'59.8"N
S(C)2 Teaching Hospital 44°37'54.5"E 33°44'44.6"N
S(A)3 Residential and agricultural 44°37'55.2"E 33°44'34.1"N
S(B)3 near the iron bridge, near the 44°37'54.9"E 33°44'40.9"N
S(C)3 pumping of sewage waste 44°37'54.6"E 33°44'28.3"N
S(AY Residential near the sewage 44°32'17.9"E 33°17'14.5"N
S(B¢4 treatment site of the Rustamiya 44°32'18.2"E 33°17'28.8"N
S(C)4 Third Expansion Project 44°32'20.8"E 33°17'01.6"N
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2.3. Physicochemical Analysis

The pH of the study samples was measured on-site using a portable pH device according to the
McKeague, 1978 method. The electrical conductivity of the sediment was measured in the laboratory
(Richards, 1954). A device was used to measure the proportions of dissolved salts in the sediment in
ppm, after preparing aqueous solutions of the samples and mixing them separately with an electric
mixer. The organic matter was calculated in sediments in the laboratory according to Carver (1971)
method.

The heavy metals concentration and metal oxides are analyzed with high accuracy by applying the
X-ray fluorescence technique (XRF). Ten grams of samples were powdered to detect the Fe, Co, Zn,
Cu, Ni, and Pb elements by XRF Methods. Powders of the samples were processed in the form of
compressed pellets, using a special piston under a pressure of five tons. The results are tabulated in
Tables 2 and 3.

Table 2. Physicochemical characteristics of the sediments in the study area.

Sample locations Organic matter Electrical conductivity pH TDS

% (O.M) mmhos/cm Ppm
S(A)1 1.26 0.424 75 430
S(B)1 1.77 0.340 7.0 489
S(C)1 1.75 0.399 7.3 460
Average 1.59 0.388 7.2 459
S(A)2 1.45 0.856 7.8 512
S(B)2 1.98 1 7.6 493
S(C)2 1.65 0.855 75 418
Average 1.69 0.904 7.6 474
S(A)3 1.48 1.338 7.0 679
S(B)3 1.85 1.415 7.1 707
S(C)3 1.44 1.252 7.2 650
Average 1.59 1.335 7.1 678
S(A)4 1.89 0.907 7.4 522
S(B)4 1.65 0.781 7.3 509
S(C)4 1.57 0.620 7.2 500
Average 1.70 0.769 7.3 510

Table 3. Concentrations of heavy metals in the sediments of the study area.

Sample location As Cu Cr Co Fe Mn Ni Pb Zn
Ppm % Ppm
S(A)1 9.5 28.6 379 9.6 4.1 1177 118 8.3 75
S(B)1 9.4 48.2 673 12.2 6.1 1108 222 17.7 114
S(O)1 8.4 46.2 982 21 6.0 1081 270 14.5 103
Average 9.1 41 678 14.2 5.4 1122 203 13.5 97
S(A)2 7.7 485 1030 21.2 6.2 1093 255 14.1 112
S(B)2 8.3 41.0 244 9.8 49 1091 164 13.2 105
S(C)2 9.3 43.8 497 9.7 5.6 959 204 16.5 190
Average 8.4 44.4 590 135 55 1047 207 14.6 135
S(A)3 6.9 39.7 330 9.4 4.6 807 157 22 132
S(B)3 9.6 44.4 444 10 48 820 170 16.7 104
S(C)3 6.7 47.0 385 3.9 4.3 986 137 16.7 273
Average 7.7 43.7 386 7.7 4.5 871 154 18.4 169
S(A)4 10.4 452 475 12.6 5.4 932 197 18 118
S(B)4 7.1 715 438 9.4 4.1 871 114 18.5 211
S(C)4 9.9 451 587 18.2 54 979 201 16.9 107
Average 9.1 53.9 500 134 4.9 927 170 17.8 145
(Lindsay, 1979) 5 30 100 8 3.8 600 40 10 50
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(Wedepohl,

1995) 1.7 25 136 24 432 716 56 148 65
Haynes etal., ) 18 60 102 25 5.63 950 84 14 70
(2016 : :

2.4. Evaluation of sediment contamination with heavy metals

2.4.1. Enrichment Factor (EF)

Enrichment factor (EF) is used to assess the deposition intensity and presence of anthropogenic
pollutants in river sediments. EF was calculated using the method approved by Sinex and Helz (1981),
as follows:

EF= (Me/Fe) sample / (Me/Fe) backeround 1)

Where: Me is the heavy metal concentration (ppm), while the Me/Fe background represents the
concentration of the heavy element on the reference concentration of iron in the earth's crust. The EF
was classified into five grades (Wedepohl, 1995; Pragg and Mohammed, 2018) (Table 4).

Table 4. Classification of sediments depending on the enrichment factor (EF) (Mmolawa et al., 2011)

Enrichment factor (EF) Enrichment factor (EF) Categories
EF<2 Deficiency to minimal enrichment
2<EF<5 Moderate enrichment
S<EF<20 Significant enrichment

20 <EF <40 Very high enrichment

EF >40 Extremely high enrichment

2.4.2. Pollution factor (CF) and contamination degree (Cdeg)

The Pollution factor (CF) was determined following an equation according to Hakanson, 1980.
Equation 2 was adopted to estimate the level of sediment contamination with minerals (Hakanson,
1980; Al-Dabbas et al., 2018 ). The level of contamination by metals was established by applying the
CF and can be calculated as follows:

CF = Cp Sample /Cn Background 2

Cm Sample is the concentration of particular trace minerals in river sediments, and Cr, Background
is the value of trace minerals that is equal to the average of the global rocks (Martin and Meybeck,
1979). The degree of pollution represents the total pollution factor for heavy elements according to
Hakanson (1980), and is calculated through equation 3:

Caes =37 CF ®)

Where: 3.7 CF represents the total pollution factor, (n) represents the number of heavy elements
studied. The CF was classified into four grades (Hakanson, 1980) (Table 5).

Table 5. Classification of the level of pollution depends on the pollution factor CF and the degree of
pollution C degree (Hakanson, 1980).

CF C deg Contamination Level
1>CF 8 > C deg Low contamination
3>CF< 1 16>Cdeg< 8 Moderate contamination
6>CF< 3 32>Cdeg< 16 Considerable contamination
6<CF 32<Cdeg Very high contamination
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2.4.3. Geoaccumulation index ( I- Geo)

The Geo accumulation (I-geo) index means the assessment of contamination by comparing the
levels of heavy metal obtained to a background level (Muller, 1969). Geo-accumulation index (I- geo)
was determined by the following equation 4 according to Muller (1969).

Igeo =Log2 (Cw Sample / (1.5%Cy Background)) (4)

Where Cr,, Sample expresses the measured concentration of the element in the sediment sample and
Cm Background is the geochemical background value (World Mean of Surface Rocks) (Martin and
Meybeck, 1979). The constant 1.5 was adopted to include the possible variation of background values
due to the rock impact. The I- Geo was classified into seven grades (Muller, 1969) (Table 6).

Table 6. Muller's 1969 classification of the index of geographic accumulation (lgeo) shows sediment
pollution.

lgeo Value Class Sediment Quality
<0 0 Unpolluted
From unpolluted to moderately polluted
Moderately polluted
From moderately to strongly polluted
Strongly polluted
From strongly to extremely polluted
Extremely

o Ol WN -

2.4.4. Pollution load index (PLI)

The PLI provides a simple but comparative means for assessing a site's quality. The pollution load
index (PLI) was determined following equation 5 according to Thomilson et al. (1980), where (PLI) is
expressed as follows:

PLI=(CF; * CF; % .....CF)!® 5)

Where (CF) represents the pollution factor and (n) represents the number of the studied elements.
The value of the total pollution load, if it is greater than one, indicates a gradual deterioration in the
sediment quality and its contamination with heavy elements, but if it is less than one, it indicates that
there is no pollution with heavy elements (Tomlinson et al., 1980).

3. Results and Discussion

3.1. Physicochemical characteristics and Concentration of Heavy metals

The results of the physical and chemical properties (pH, organic matter, electrical conductivity, and
total dissolved salts) showed that there are differences in their values in the sediments of the study area
(Table 2). Such variations result from weathering and erosion of rocks and soil of the river basin or have
been transferred to the riverbed by humans or Water (Al-Kinani & Al-Mukhtar, 2014).

Heavy metal concentrations in the sediments were evaluated by comparison with the other research
findings (USEPA,1977; Lindsay, 1979; Wedepohl,1995; Haynes et al., 2016 ) (Table 3).

The results showed that there was a variation in the concentrations of heavy metals, which included
arsenic, copper, chromium, cobalt, iron, manganese, nickel, lead, and zinc, in sediment samples of the
study area and summarized in Table 3.
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e Arsenic

The results indicate that the average concentration of arsenic reached between 6.7 and 10.4 ppm,
which is higher than its average in the Earth’s crust and its global average, according to Lindsay (1979;
Wedepohl (1995); Haynes et al. (2016). The reason for enriching the sediments of the study sites with
arsenic is due to the alkalinity of the pH. Agricultural activities are a source of arsenic pollution through
the use of pesticides and chemical fertilizers. Industrial and traffic activities also play an important role
in increasing the concentration of arsenic in the sediments of the region.
e  Copper

The copper concentration rate reached between 28.6 to 71.5 ppm, which is higher than its rate in
the earth’s crust and its global average, as human activities and the use of fertilizers and pesticides on
agricultural lands, as well as its emission from the movement of vehicles and means of transportation,
cause an increase in Its concentration in sediments (Wojciechowska et al., 2019).
e  Chromium

The concentration rate of chromium element ranged between 244 to 1030 ppm, and it was higher
than its rate in the earth’s crust and its global average. The increase in its concentration is attributed to
traffic activities as well as industrial activities and the use of pesticides and chemical fertilizers in
industrial lands (Li et al., 2020 ).
e Cobalt

The average concentration of cobalt was between 3.9 and 21.2 ppm, which is lower than the average
concentration in the Earth’s crust and higher than its global average, according to Lindsay (1979). The
increase in its concentration is attributed to industrial activities near the river.
e lron

The rate of iron concentration ranged between 4.1% to 6.2%, which is higher than the global
average and lower than the rate of its presence in the Earth’s crust. This is due to the corrosion of pipes
or tanks, which causes an increase in the concentration of iron when it accumulates for periods.
e  Manganese

The concentration rate of manganese ranged between 807 and 1177 ppm, which is higher than the
rate of its presence in the earth’s crust and the global rate. This is attributed to industrial activities and
vehicular traffic, as well as the friction between vehicle tires and the surface of the earth, which is one
of the important sources of contamination (Kolawole et al., 2018).
o  Nickel

The concentration of nickel ranged between 114 and 270 ppm and was higher than its average
presence in the earth’s crust and its global average. This is attributed to industrial and traffic activities
and agricultural activities represented by pesticides and chemical fertilizers in agricultural lands, which
play an important role in the nickel contamination of sediments.
e Lead

The lead concentration ranged between 8.3 and 22 ppm and was higher than its average presence
in the earth’s crust and its global average. This is attributed to the corrosion of pipes and industrial
activities, as well as traffic activities, vehicle movement, and the resulting smoke, as they have a role in
the emission of lead through the combustion of fuel and also in activities. Crops play an important role
in increasing the concentration of lead, leading to contamination of sediments with this element.
e Zinc

The concentration of zinc reached between 75 and 273 ppm and was higher than its average
presence in the earth’s crust and its global average. This is attributed to human activities and population
density, which have a major role in environmental pollution, as well as the corrosion of pipes lining the
water and sewage networks. Also, industrial and agricultural activities, are represented by fertilizers and
pesticides in agricultural areas (Wojciechowska et al., 2019).
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The results showed that the concentrations of heavy metals in sediment samples are higher than
the natural levels of their presence in the Earth’s crust and also higher than their global rates according
to Lindsay (1979); Wedepohl (1995); Haynes et al. (2016) (Table 3). In general, the high availability of
heavy elements can be attributed to the geological nature of the sample sites and the sources of pollution
added to the riverbed, whether industrial, agricultural, human, domestic or municipal wastewater,
hospital sewage, and also the various means of transportation that pass through. These pollutants and
heavy elements in sediments are explained by their presence in high concentrations (Sarkar et al., 2004).
These results are consistent with the results of the study by Al-Sarraj et al. (2019).

3.2. Correlation between the Concentration of Heavy Metals and the Physicochemical Properties

Correlation is conducted by applying Pearson's method (negative or positive) between the
concentration rates of heavy elements of the four sites samples and between the degrees of pH, electrical
conductivity, organic matter, and total dissolved salts (Table 7). It is noted that these factors affected to
different degrees the percentage of heavy elements in the sediments of the region. It was found that there
is a negative correlation between the pH value and the concentrations of each of the elements (arsenic,
chromium, cobalt, iron, manganese, and nickel), offset by a positive correlation between pH and the
concentration of lead and zinc. There is also a positive correlation between the organic content and the
concentration of the copper element, and there is a negative correlation between the value of the total
dissolved salts and the concentration of the elements (arsenic, chromium, cobalt, iron, manganese, and
nickel). The results revealed that there is a positive correlation between the value of the total dissolved
salts and the concentration of the elements lead and zinc, as well as a positive correlation between the
value of the electrical conductivity and the concentration of the elements iron and nickel (Table 7). Such
results are consistent with the study of Kim et al. (2006). It indicates that the physicochemical properties
of sediments have common sources and are one of the important factors that describe the heavy metal
content of sediments.

Table 7. Pearson correlation coefficient between the rate of heavy metal concentrations and the
physicochemical properties of the sediments in the study area

Elements oM pH EC TDS
As 0.329 -0.915 0.161 -0.826
Cu 0.742 0.071 0.132 -0.031
Cr 0.040 - 0.904 0.395 -0.915
Co 0.475 - 0.885 0.557 -0.990
Fe 0.275 -0.720 0.697 -0.915
Mn - 0.077 - 0.829 0.376 -0.841
Ni 0.184 - 0.695 0.660 -0.874
Pb 0.097 0.748 -0.419 0.794
Zn 0.144 0.947 - 0.155 0.831

3.3. The correlation of the heavy elements concentrations

It was found that there is a positive correlation between the concentration of arsenic with chromium
and cobalt and a negative with zinc. There is a positive correlation between the concentration of
chromium and cobalt, iron, manganese, and nickel, while a negative relationship between lead and zinc.
Also, a positive relationship between the concentration of cobalt and iron, manganese, and nickel exists.
The negative relationship between lead and zinc, with a positive relationship between manganese and
nickel found (Table 8).
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According to Suresh et al. (2011), the high positive correlation between heavy elements with each
other indicates that they have a common origin, either from natural or anthropogenic sources. There is
also evidence of sites contaminated by agricultural and industrial activities with mutual dependence. It
also indicates that they have similar fixed or non-point sources of pollution, while the weak connection
between the elements shows that these elements are not controlled by a single element, but rather by a
group of geochemical support (Singh et al., 2015).

Table 8. Pearson correlation coefficient for heavy elements in sediments in the study area of th Diyala

River

As Cu Cr Co Fe Mn Ni Pb Zn
As 1.000
Cu 0.337 1.000
Cr 0.706 -0.348 1.000
Co 0.887 0.152 0.871 1.000
Fe 0.543 -0.302 0.928 0.850 1.000
Mn 0.570 -0.507 0.983 0.774 0.925 1.000
Ni 0.480 -0.400 0.928 0.798 0.994 0.943 1.000
Pb -0.462 0.582 -0.954 -0.713 -0.930 -0.991 -0.957 1.000
Zn -0.738  0.380 -0.968 -0.799 -0.806 -0.950 -0.813 0.903 1.000

On the other hand, it was found that the rates of heavy element concentrations underwent changes
according to the locations and the nature of the area, and this is consistent with the findings of Hassan
et al. (2008) (Fig. 2). Applying the enrichment factor equation to all samples, it was found that the
enrichment value of sediments in the study area with arsenic, and chromium at rates 5.31 and 5.64,
respectively, but the enrichment value was medium for a nickel 2.36 and zinc 2.23.
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Fig. 2. Enrichment factor for heavy elements in the sediments of the study area

The results of EF were reduced to the minimum for copper, cobalt, manganese, and lead, as they
reached 0.84, 0.51, 1.15, and 1.27, respectively. Considering the sediment uncontaminated with these
heavy elements, this is consistent with a study by Issa et al. (2020).

Zhang and Liu (2002) confirmed that if the value of the enrichment factor is between 0.5 and 1.5,
it indicates that the heavy elements are caused by natural sources. But if the value of the enrichment
factor is greater than 1.5, it is caused by human sources.
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Accordingly, the high concentration of arsenic, chromium, and medium nickel and zinc for all sites
in the study area indicates that it is from anthropogenic sources that may be caused by agricultural and
industrial activities (such as the use of pesticides and chemical fertilizers), as well as waste from
industrial areas that flow into the Diyala River. The low enrichment factor of copper, cobalt, manganese,
and lead in all study sites indicates that they are from natural sources (Agyarko et al., 2014).

Through the application of the Contamination Factor (CF), it was found that the highest average
concentration rate was for arsenic 5.1 and chromium 6.6, which indicates high contamination (Fig. 3).
The average rate for manganese (1.1), nickel (2.5), lead (1.3) and zinc (2.4) indicates an average level
of contamination with those elements and low level of pollution for copper (0.8) and cobalt (0.6) (Fig.
3).
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Fig. 3. Average of contamination factor and contamination degree Cdeg of heavy elements in the
sediments samples in the different location study.

The degree of pollution of all sediment samples reflects that they are at a high level of pollution,
due to agricultural activities such as the use of pesticides, fertilizers, industrial activities, waste of
industrial areas that flow into the Diyala River and traffic near the river, (Shen et al., 2019).

Through the application of the geographical accumulation index (Table 9), it was found that the
sediments of the Diyala River were not contaminated with the elements under study (copper, cobalt,
manganese, nickel, lead, and zinc). Medium contamination with arsenic at a rate of 1.65 and chromium
at 1.68 is indicated. Such results are consistent with the study of Agyarko etal. (2014) and Al-Ali (2019),
while they are not consistent with the findings of Al-Dabbas et al. (2017).

By applying the pollution load index PLI, it was found that the value of the index was greater than
one, indicating the presence of heavy element contamination in the sediment of the study area
(Tomlinson et al., 1980) (Table 9).
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Table 9. Geographical accumulation index of heavy elements in the sediments of the study area.

Sample Geographical Accumulation Index (lgeo)
locations : (PLI)*
As Cu Cr Co Mn Ni Pb Zn

S(A)1 1.81 -1.65 1.31 -1.97 -0.28 -0.09 -1.34 -0.49 1.2
S(B)1 1.80 -0.90 2.14 -1.62 -0.36 0.82 -0.25 0.12 1.7
S(O)1 1.64 -0.96 2.68 -0.84 -0.40 0.1 -0.53 -0.03 1.9

Average 1.75 -1.17 2.04 -1.47 -0.34 0.61 -0.70 -0.13 1.6
S(A)2 151 -0.89 2.75 -0.82 -0.38 1.02 -0.57 0.09 1.9
S(B)2 1.62 -1.13 0.67 -1.94 -0.39 0.38 -0.67 0 1.3
S(C)2 1.78 -1.04 17 -1.95 -0.57 0.7 -0.35 0.86 1.6

Average 1.63 -1.02 1.70 -1.57 -0.44 0.7 -0.53 0.31 1.6
S(A)3 1.35 -1.18 111 -2 -0.82 0.32 0.07 0.33 14
S(B)3 1.83 -1.02 1.54 -1.91 -08 0.43 -0.33 -0.01 1.2
S(C)3 131 -0.94 1.33 -3.27 -0.53 0.12 -0.33 1.38 1.4

Average 1.49 -1.04 1.32 -2.39 0.71 0.29 -0.19 0.56 1.3
S(A)4 1.95 -0.99 1.63 -1.57 -0.61 0.64 -0.22 0.17 15
S(B)4 1.39 -0.33 1.52 -2 -0.71 -0.14 -0.18 1.01 15
S(C) 1.87 -1 1.94 -1.04 -0.54 0.67 -0.31 0.03 1.7

Average 1.73 -0.77 1.69 -1.53 -0.62 0.39 -0.23 0.40 15

*PLI>1 Pollution with heavy elements
*PLI<1 No Pollution with heavy elements (Tomlinson et al.,1980).

4. Conclusions

The concentrations of arsenic, copper, chromium, cobalt, iron, manganese, nickel, lead, and zinc
were estimated at four sites within the lower reaches of the Diyala River. Correlation analysis of mean
concentrations showed positive correlations between arsenic, chromium, cobalt, iron, nickel,
manganese, lead, and zinc, indicating that these heavy elements have buyer sources. The enrichment
factor (EF), pollution factor (CF), geographical accumulation index (Igeo), and pollution load index
(PLI) were applied to assess pollution. The results reflect high contamination with arsenic to medium
contamination with copper, chromium, and nickel. All sites were not contaminated with lead. By
applying the degree of pollution, it was found that the sediment is at a high level of pollution due to
agricultural activities such as the use of pesticides, fertilizers, industrial activities, waste from industrial
areas that flow into the Diyala River, and traffic near the river. The pollution load index shows that the
value of the indicator was greater than one, and this indicates the presence of heavy element pollution
in the sediments of the Diyala River. Considering all the evaluation criteria, arsenic and chromium are
responsible for large contamination by heavy elements.
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