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ABSTRACT 

Sediment samples were taken from six location in Tigris, Euphrates and Shatt AI-Arab River 

during 2021- 2022, sample were extracted to determine the heavy metals (Cd, Cu, Fe, Pb, Mn, Ni 

and Zn) in Residual sediment of these samples by using the inductively coupled plasma atomic 

emission spectrometer (ICP). The analysis was also determined percentage of total organic 

carbon and grain size. The results of the concentrations in the Residual phase as follows (Fe> 

Mn> Cu > Pb> Zn> Ni >Cd) was (811.71, 90.49, 72.47, 67.34, 64.44, 38.52,25.54) dry weight. 

The results showed that the concentrations of the Metals were high, except for nickel and 

cadmium, which were relatively few, as for of total organic carbon concentrations high value 

(TOC %) It was (7.2 µg/g) at the six station during winter while the lowest value was (2.0µg/g) 

at the first station during summer. The grain size analysis was mainly silt and clay are the most 

predominate in the study area. Geo Accumulation Index (I-geo) for heavy elements in the 

sediments was also determined, and it showed that the yearly rate of the concentrations of the 

metals varied between the lowest value (-6.895) of Iron and the maximum value (6.826) for 

cadmium. Additionally, it was determined the enrichment coefficient (EF) for the heavy 

elements in the sediments, where the annual rate of the metals ranged between the lowest value 

(3.26) for manganese and the highest value (10488.14) for cadmium, and was accounted the 

Contamination factor (CF)for the heavy metals in the sediments, where the annual average of the 

metals ranged between the lowest value (0.012) for Iron and the highest value (170.26) for 

cadmium. These results showed that organic matter pollution was mainly from direct discharge 

of domestic wastewater into Tigris, Euphrates, and Shatt al-Arab river. 

Keywords: Heavy Metals, Sediment, Geo Accumulation Index, Enrichment Coefficient, 

Contamination Factor, Tigris, Euphrates, Shatt Al-arab. 

1. INTRODUCTION 

The properties of heavy elements in sediments can provide useful information about pollutants, 

including sources, transformation, and migration. Sediment character set with statistical analysis 

can provide more detailed information about the origins of heavy elements (Yusoff et 

al.,2015).Cities' environments are significant in applied environmental studies because a large 

portion of the population resides there and because most of them are constructed next to or close 

to water sources. However, due to population growth, technological advancements, waste 

accumulation, and high pollution levels, cities' environments have been destroyed. Urban 

environment pollution is one of the most hazardous environmental issues for people and other 

living forms today (Blomberg,2012).The toxicity of heavy metals is determined by their 
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chemical form and elemental composition, since most of these compounds are soluble in animal 

tissues and can cross biological membranes. As a result, sediments serve as a reservoir for 

elements that can be extracted (Zaoui and Benselhoub, 2020). As the global economy expanded, 

heavy metal sediment pollution increased, hurting the ecology (Jia et al., 2018). Heavy metals 

build in coastal sediments through land-based effluents. ( Makri  et al., 2020). 

 The Shatt al-Arab River, which has a length of 192 kilometers and 800 meters when at its 

mouth, defines the southern boundary between Iran and Iraq until it empties into the Persian 

Gulf. It is 145,190 square kilometers in size. , directly in the Shatt al-Arab region at the mouths 

of the Tigris and Euphrates rivers. With the exception of the regions in the Tigris and Euphrates 

basin (UN- ESCWA and BGR2013) The eastern portion of the  area is bordered by the Tigris 

and Shatt al-Arab rivers, while the Euphrates River separates the territory into its northern and 

southern half. The study area is located at latitude 31°N and longitude 47° . 

2.MATERIAL AND METHODS 

Six sediments sampling sites were selected. For four seasons (fall, winter, spring, summer), 

where sediment samples were collected using plastic bags in order to measure heavy metals with 

full information recorded on each sample, which included Information: sampling site - date as 

shown fig (1). The sediment samples were mixed well after removing the solid parts, then dried 

at a temperature of (60-70) C for 48 hours, after that they were ground with  mortar and sieved 

with a sieve with a hole diameter of (63mesh) and kept in special polyethylene  that were clearly 

marked. After that, heavy metal ions were extracted in the sediment samples after the samples 

were digested with acids, and the measured elements included (cadmium, copper, iron, lead, 

manganese, nickel, zinc) and it was measured using a device (ICP-OES) ( Inductively coupled 

plasma atomic emission spectroscopic).  

the sediments samples is washed with distilled water several times, and the washing water is 

disposed of after each time by centrifugation process to remove traces of the remaining heavy 

elements from the exchanged part. after that, 5 ml of concentrated nitric acid is added to the 

sample and left on a hot plate until near dryness, and the sample is left until it cools, then we add 

(5 ml) a mixture of concentrated hydrofluoric acid (HF) and concentrated chloric acid (HCIO4) 

in a ratio of 1 1: To extract heavy metals and leave it on a hot plate until near dryness, then add 

(30ml) of 0.5N hydrochloric acid (HCl) and leave the sample on a hot plate to not complete the 

digestion process of the precipitate, until the sample size becomes less than (25ml) after that we 

complete the volume to 50ml It is kept in plastic bottles and the information is recorded on it 

until measurement using an Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-

OES) )Sturgeon et al 1982).   

The amount of total organic carbon) TOC %( in the sediments was measured according to the 

incineration method used by (Ball, 1964). The grain size analysis of the sediments of the study 

area was carried out using the pipette method, as described by (Folk, 1974). 
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Fig (1) Sample locations 

3. RESULT AND DISCUSSION 

The results showed that the concentrations of the Metals were high, except for nickel and 

cadmium, which were relatively few, the concentration arranged as fellow (Fe> Mn> Cu> Pb> 

Zn>Ni >Cd). Heavy metals have become a major concern from a human public health 

perspective, as long bioaccumulation in humans can become dangerous due to the long 

biological half-life of these metals and the difficulty of their elimination from the organism 

(Majid ,2012). 

Cadmium (Cd) 

According to the study's findings, the concentration of cadmium in the residual phase of the 

sediments samples was lowest(7.70 µg/g) during the summer at the first station and 

greatest(24.51 µg/g) during the winter at the sixth station as shown table(1). The study's findings 

also demonstrated that there was a rise in cadmium content, particularly in the sixth station 

where fossil fuel products are used for transportation since they have significant levels of heavy 

metals as(Cd) (Zhuang etal,2021). 

Table (1): Concentration of cadmium(µg/g) in the residual phase. 
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Copper (Cu) 

According to the study's findings, the concentration of copper in the residual phase of the 

sediments samples was lowest(16.60 µg/g) during the summer at the first station and 

greatest(45.91 µg/g) during the winter at the sixth station as shown table(2). Due to the 

difference in clay concentration and dominant type across the stations, copper was present in 

greater concentrations in the sixth station. Numerous tests showed that copper was present, not 

from human inputs but from a mineral source(Hamuna ,2021). 

Table (2): Concentration of copper(µg /g) in the residual phase. 

 

Iron (Fe) 

According to the study's findings, the concentration of iron in the residual phase of the sediments 

samples was lowest(625.71 µg/g) during the summer at the first station and greatest(784.86 

µg/g) during the winter at the sixth station as shown table(3). This is due to the high natural 

concentration of iron in the earth’s crust, as well as the sustainability processes of fishing boats, 

as well as human activities, especially the accumulation of iron waste, as well as iron oxides that 

enter the river that is loaded with them (Baddar et al,2021). 

 

 

 



International Journal of Agriculture, Environment and Bioresearch 

Vol. 07, No. 05; 2022 

ISSN: 2456-8643 

www.ijaeb.org Page 187 

 

 

Table (3): Concentration of iron(µg /g) in the residual phase. 

 

Lead (pb) 

According to the study's findings, the concentration of lead in the exchangeable phase of the 

sediments samples was lowest(18.50 µg/g) during the summer at the first station and 

greatest(40.63 µg/g) during the winter at the sixth station as shown table(4). This is because of 

nearby transportation activity, which results in lead particles being released into the air as a result 

of the combustion of gasoline by moving vehicles. This activity traps a foggy suspension, which 

then spreads to other areas of the environment and increases pollution levels (Bantan etal,2020). 

Table (4): Concentration of lead(µg/g) in the residual phase. 

 

Manganese (Mn) 

According to the study's findings, the concentration of manganese in the residual phase of the 

sediments samples was lowest(40.51 µg/g) during the summer at the first station and 

greatest(88.17 µg/g) during the winter at the sixth station as shown table(5). This is because 

human activity has increased, notably in recent years in agriculture, which can contribute to 

environmental pollution through the use of pesticides (Taban et al .,2022). 
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Table (5): Concentration of manganese(µg /g) in the residual phase. 

 

Nickel(Ni) 

According to the study's findings, the concentration of Nickel in the residual phase of the 

sediments samples was lowest(7.46 µg/g) during the summer at the first station and 

greatest(16.40 µg/g) during the winter at the sixth station as shown table(6). The use of 

pesticides and fertilizers, irrigation and sewage operations, industrial waste, as well as spills and 

leaks of liquid materials from loading trucks, are some of the factors that contribute to the 

contamination of sediments with sewage and agricultural waste, was causes Increased nickel 

(Majed et al,2021). 

Table (6): Concentration of nickel (µg /g) in the residual phase. 

 

Zinc (Zn) 

According to the study's findings, the concentration of Zinc in the exchangeable phase of the 

sediments samples was lowest(9.42 µg/g) during the summer at the first station and 

greatest(32.63 µg/g) during the winter at the sixth station as shown table(7). The study's findings 

revealed that transportation and fuel combustion, as well as the effects of human activity, 

increased the concentration of zinc in the stations, particularly the sixth station. Other findings 

included an increase in the proportion of clay granules in other stations, which aid in the 

element's absorption. The rise may be caused by the area's high concentration of silt and sand 

sediments, closeness to a wastewater treatment facility that receives its water untreated, 

proximity to landfill regions, as well as other factors (Huang  ,2020). 
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Table (7): Concentration of zinc (µg /g) in the residual phase. 

 

The results of the grain size analysis  of the sediment samples also showed that the sediments of 

the study area have a clay or silty clay character where was the clay rate is (44.31% ), while the 

silt rate is (39.77% ) and the sand rate is (15.91% )as shown table (8). The Shatt al-Arab region's 

surface sediments are recent deposits made up primarily of silt and clay with some sand( AI-

Ali,2010). 

Table (8): grain size analysis of sediment samples  

 

As for the total organic carbon of the sediment samples, it was found that there are seasonal and 

local changes in the values of organic carbon. The results of the study showed that the lowest 

value was in the first station in the summer (2.0) and the highest value in the sixth station in the 

winter (5.06) as shown table (9).The findings of the present study revealed that the region had a 

high proportion of organic materials since there were plants and animals there as well as because 

of the local environment. According to the findings of the current study, the greatest values were 

obtained during the winter due to the high percentage of rainfall as well as the presence of dead 

aquatic plants in the area (Zaoui and Benselhoub,2020). 
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Table (9): TOC% values for stations in the study area 

 

The results of the study showed the evidence of the geochemical accumulation of heavy elements 

in the study area, according to the classification of (Muller, 1979) As shown tables(10), The 

sediments of each of the Tigris and Euphrates and the confluence of the Shatt al-Arab were 

unpolluted to highly polluted, as cadmium exceeded the maximum levels of pollution degrees 

(<5). As for lead, which gave a non-polluting to medium pollution degree in the remaining phase 

of some study areas, this is due to the use of pesticides and fertilizers in agricultural lands, as 

well as sewage and human and health waste as. Thus, the result of the geochemical accumulation 

factor took the following order: 

Cd > Pb > Cu > Zn > Ni > Mn > Fe 

Table (10): The geochemical accumulation coefficient (I-geo) of Heavy metals  

 

The results of the enrichment coefficient for heavy metals in the study area were shown 

according to the classification (Huheey, 1983) As shown tables(12). We observe that the lead 

and cadmium elements were more richer than the other elements as a result of the pollution 

sources represented by the burning of car fuel and the burning of wastes created by government 

buildings, hospitals, power plants, and other sources. The sediments of the study area range from 

moderate to very severe and the result of the arrangement was taken as follows: EFCd > EFpb 

>EFCu > EFZn >EFNi >EFMn    
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Table (12): Enrichment factor (EF) of Heavy metals 

 

The results of the heavy metal Contamination factor in the study area showed according to the 

classification )Hakanson, 1980( as shown table(13) .Copper, iron, manganese, nickel and zinc 

appeared in the study sites as having low pollution, while lead appeared in the study sites as 

medium pollution, while cadmium in the study sites was highly polluted This is consistent with 

the study (AI-Saad et al,. 2022).. Several factors contributed to the increase in the concentration 

of heavy metals in the sediments, including the increase in transport vehicles and the burning of 

gasoline and the increase in the release of pollutants from government facilities such as hospitals, 

electric power plants, oil and gas companies, paper mills, etc., as well as the use of fertilizers in 

agricultural areas. Thus, the result of the pollution coefficient took the following order: 

 CF cd > CFpb > CFMn  >CFCu  > CFZn  > CFNi  > CFFe 

Table (13): Contamination factor (CF)  of Heavy metals  

 

If we compare our data with the previous study, we see that our data lies in some of this study     

as shown table (14). Where the sediments of the study area of the Tigris, Euphrates and Shatt al-
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Arab receive large quantities of minerals resulting from industrial waste resulting from human 

activity and other sources such as sewage. 

Table( 14): Heavy metals concentrations in sediments sampling (µg /g) in the present study 

as compared with the other previous studies. 
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