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Abstract  
     Seasonal sediment samples were collected from autumn (October 12, 2022) until summer (June 25, 

2023) at five stations along the Al-Ezz River in the Qurna district, north of Basra city. The purpose 
was to assess the river's pollution with heavy metals: lead (Pb), cadmium (Cd), copper (Cu), man-
ganese (Mn), zinc (Zn), chromium (Cr), cobalt (Co), and iron (Fe), using the sequential extraction 
phase. Additionally, pollution factors (CF), enrichment factors (EF), and the geochemical accumu-
lation index (I-geo) were calculated to evaluate the degree of heavy metal contamination in the 
study area's sediments. The study results revealed that the annual average concentrations of the 
aforementioned heavy metals in the exchangeable phase were as follows (µg/g dry weight): lead 
(Pb) - 95.842, cadmium (Cd) - 8.549, copper (Cu) - 21.918, manganese (Mn) - 111.016, zinc (Zn) 
- 23.175, chromium (Cr) - 61.749, cobalt (Co) - 10.826, and iron (Fe) - 122.18. The pollution factor 
(CF) values indicated that the soil was highly contaminated with lead and cadmium, while copper, 
iron, and manganese showed low contamination. Chromium exhibited considerable contamination, 
while cobalt showed moderate contamination. According to the geochemical accumulation index 
(I-geo) values, the sediments of the Al-Ezz River were classified as heavily polluted with lead and 
extremely heavily polluted with cadmium. They ranged from not polluted to moderately polluted 
with copper, and were not polluted with manganese, zinc, and cobalt. The environment exhibited 
moderate pollution with chromium. 
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Introduction  
    Pollution is one of the significant chal-
lenges facing both humans and the environ-
ment, particularly due to the industrial ad-
vancements accompanying modern life. Pol-
lution occurs in various forms, whether in the 
air, water, or soil, resulting from the presence 
of harmful substances or imbalances in es-
sential environmental components compared 
to their natural levels. This occurs through 
both human interventions and natural phe-
nomena (Aiello et al., 2021). The develop-
ment of human capabilities and mismanage-
ment of water resources, especially in recent 
decades, have contributed to the escalating 
problem of pollution. This issue has evolved 
alongside population growth and increased 
water demand, to the extent that water 

pollution now casts a shadow over public 
health (Kılıç, 2020). Statistics indicate that 
over half of the world's population currently 
suffers from environmental pollution. How-
ever, given the high population density and 
the ongoing impacts of the oil industry, this 
issue is soon to be classified among the most 
pressing environmental concerns (El Jadry et 
al., 2009). Industrial development has gener-
ated a diverse range of hazardous waste, in-
cluding heavy metals and certain organic pol-
lutants that have severely harmed the ecosys-
tem. These pollutants are now reaching levels 
that are detrimental to all forms of life (Mitra 
et al., 2022). Sediments serve as valuable in-
dicators of environmental contamination by 
many of these toxic elements. Over the past 
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decades, numerous studies have demon-
strated that sediment surfaces provide an ex-
cellent tool for assessing the impacts of natu-
ral and human processes on depositional en-
vironments. The study of sediment surfaces 
is considered an important tool for under-
standing changes in depositional environ-
ments and the environmental effects resulting 
from natural and human activities (Copaja et 
al., 2020). Environmental pollutants can be 
classified into three main types, which are 
physical, chemical, and biological pollutants 
(Siddiqua et al., 2022). 
 

Material and Methods 
Study Area 
  The Al-Ezz River originates from the 
Maysan Governorate in southern Iraq and is 
formed by the Al-Bateera River, a tributary 
of the Tigris River. The Al-Ezz River re-
ceives water from several tributaries, includ-
ing the Umm Al-Fajjil, Al-Jandalah, Al-Adil, 
and Al-Wadiyah Rivers. It joins the Euphra-
tes River before merging with the Tigris 

River in the Al-Qurna district, approximately 
7 km downstream. Originally created for the 
purpose of draining marshlands, the river is 
currently utilized as a flood outlet during pe-
riods of heavy rain and floods. The total 
length of the Al-Ezz River is approximately 
75 km, with a length of 40 km in the Basra 
region and 35 km in the Maysan Gover-
norate. It has an average width of about 2 km, 
and its deepest point reaches up to 1.5 meters 
below sea level. The highest recorded dis-
charge of the Al-Ezz River in 2019 was 
around 135 m³/sec. There are several struc-
tures that intersect the Al-Ezz River in the 
Maysan Governorate, including bridges in 
places like Al-Azir and Al-Jawabr, as well as 
dams for water flow control. The water of the 
Al-Ezz River is utilized by surrounding vil-
lages for various human uses, animal hus-
bandry, and irrigation of agricultural lands. 
The concentration of total dissolved salts in 
its water varies, ranging from 900 to 2500 
ppm (Directorate of Water Resources, 2022). 

 

 

Figure (1) illustrates a map depicting the locations within the study area. 
Fieldwork 
    Five soil sampling sites were chosen to 
collect samples during four seasons through-
out the year. Samples were gathered in the 
autumn, winter, spring, and summer, span-
ning from October 2022 to June 2023. Soil 
samples were preserved in plastic bags and 
transported to the laboratory for preparation 
prior to the digestion process to measure 

heavy element concentrations. All field-spe-
cific information for each station, including 
station number, sample collection date, lon-
gitude, and latitude determined using a GPS 
device, was recorded. 
  Laboratory Work and Analysis 
      After collecting the samples during the 
fieldwork phase, they were transported to the 
laboratory and dried to obtain completely dry 
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samples. Subsequently, the drying process 
was completed using an electric oven. In the 
following stage, the sample was ground using 
a ceramic mortar, and then the samples were 
sieved through a specified diameter metal 
sieve (63 µm). This rendered the sample 
ready for atomic absorption analysis using 
the flame atomic absorption spectrophotom-
eter after performing the sample digestion 
process. Following the method outlined by 
(Chester & Voutsinou, 1981), the analysis 
was conducted . 
1.Extraction of exchangeable heavy elements 
2.Pollution Indices 
Indices of pollution were calculated, includ-
ing the geoaccumulation index (I-geo), the 

enrichment factor (EF), and the contamina-
tion factor (CF), to determine the impact of 
heavy metal pollution in sediment samples 
(cadmium, lead, copper, iron, manganese, 
zinc, cobalt, chromium). 
 
Contamination Factor and Enrichment 
Factor 
   To estimate the degree of contamination in 
sediments, the Contamination Factor is cal-
culated, following the classification by 
(Håkanson, 1980). Table (1). To assess the 
enrichment in sediments, the Enrichment 
Factor is calculated, following the classifica-
tion by (Huheey, 1983). Table (2).

  Table (1). Contamination Factor                                     Table (2). Enrichment Factor 

 

Contamination Factor CF 
Low pollution CF<1 

Moderate pollution ≤ CF ≤ 3 
High pollution 3≤CF≤6 

Very high pollution CF>6 

 

Enrich Factor EF 
No enrichment EF<1 
Slight enrichment EF=1-3 
Moderate enrichment EF=3-5 
Moderate to strong enrich-
ment 

EF=5-10 

Strong enrichment EF=10-25 
Very strong enrichment EF=25-50 
Extremely strong enrichment EF>50 

 

Geoaccumulation Index 
The I-geo (Geoaccumulation Index) is a 
function representing the impact of heavy 

metal contamination in sediments. It was in-
troduced by (Müller, 1969). Table (3)       

Table (3). Geoaccumulation Index 
Geoaccumulation Index I-geo 

Practically uncontaminated ≤ 0 

Uncontaminated to moderately polluted 0 – 1 

Moderately polluted 1 – 2 

Moderately to heavily polluted 2 – 3 

Heavily polluted 3 – 4 

Heavily to extremely polluted 4 – 5 

Extremely polluted > 5 
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Statistical Analysis 
Statistical analysis of the study area's results 
was conducted using the XLSTAT software, 
2016 edition. 
Result and Discussion  
Total organic carbon 
    The total organic carbon (TOC%) concen-
trations for the four seasons revealed that the 
highest TOC value was observed in the first 
station (0.188%) during the summer, while 
the lowest value (0.114%) was recorded in 
the winter. The second station registered the 
highest value (0.182%) during the summer 
and the lowest value (0.077%) in the winter. 
The third station exhibited the highest value 
(0.1798%) in the summer and the lowest 

value (0.085%) in the autumn. The fourth sta-
tion recorded the highest value (0.165%) in 
the spring and the lowest value (0.100%) in 
the summer. The fifth station showed the 
highest value (0.161%) during the spring and 
the lowest value (0.109%) in the summer. 
Organic materials are absorbed by suspended 
particles in the water. These particles form 
sediments and contain absorbed organic ma-
terials. Subsequently, sediments accumulate 
at the bottom, becoming part of the bottom 
soil. The bottom can contain different layers 
of sediments that have accumulated over time 
and contain different organic materials 
(Boehm & Quinn, 1973). Table (4) 
 

Table (4). Total organic carbon 

Station Number Autumn Winter Spring Summer 

1 0.157 0.1141 0.1399 0.1886 
2 0.085 0.077 0.111 0.1823 
3 0.085 0.1667 0.1164 0.1798 
4 0.13 0.1431 0.1654 0.1008 
5 0.136 0.1452 0.161 0.1092 

Mean 0.1186 0.14922 0.13874 0.15214 

Grain size Analysis of Sediments 
   Grain size analysis can be employed to dif-
ferentiate between various environments and 
surface sediments, providing insights into 
sedimentation processes and flow conditions 
in these environments. Through the 

utilization of particle size analysis, it be-
comes possible to ascertain the size and dis-
tribution of particles composing sediment de-
posits, which contributes to identifying the 
nature of the environment (Tucker & Jones, 
2023). Figure (2) 

 

Figure (2) Grain size distribution of each of clay, silt, and sand according to (Blott & Pye, 2012) 
Heavy elements  
  Lead 
   The obtained results revealed that the con-
centration of lead in its exchangeable phase 

for sediment samples from the study area at 
five stations ranged as follows: the first sta-
tion (161.953-32.517 µg/g), while at the sec-
ond station (195.115-16.783 µg/g), and the 
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third station (160.411-16.783 µg/g). As for 
the fourth station, it ranged from (174.293-
27.272 µg/g), and finally the fifth station 
(182.005-29.370 µg/g) during the autumn 
season. The highest average value (195.115 
µg/g) was observed at the second station dur-
ing the summer, while the lowest average 
value (16.783 µg/g) was recorded at the sec-
ond and third stations during the winter (Fig-
ure 3). The statistical analysis of the correla-
tion coefficients for the exchangeable phase 
of lead indicated a strong relationship with 
chromium (r=0.99) and iron (r=0.91), and in 
the second station, there was a strong corre-
lation of lead with iron (r=0.97) and manga-
nese (r=0.90). The concentration value was 
recorded as (195.115 µg/g). This increase can 
be attributed to the presence of a busy road 
with vehicle movement in the area, leading to 

the dispersion of lead in the environment of 
the study area. Consequently, it can be con-
sidered that vehicle movement and emissions 
associated with traffic through this road con-
tribute to the increased accumulation of lead 
in nearby sediments, in addition to the nearby 
oil industrial activities, posing an environ-
mental threat (Bantan et al., 2020). This in-
crease is also related to the proximity of the 
Al-Ezz River to an oil industrial activity, the 
West Qurna 2 field. The characteristics of the 
winds carrying pollutants that may accumu-
late on the surface due to the low mobility of 
lead can be another reason. The source of 
lead could also be from continuous vehicle 
movement, with exhaust emissions from car 
engines, as well as waste burning, contrib-
uting to the lead concentrations in the air and 
subsequently leading to soil contamination. 

 

 
Figure (3) Lead concentration (µg/g) at locations in the study area 

Cadmium 
The study results revealed cadmium concen-
trations in the exchangeable phase of sedi-
ment samples at five stations, ranging as fol-
lows (Figure 4): the first station (5.790-1.146 
µg/g), the second station (5.249-0.860 µg/g), 
while at the third station (4.940-1.720 µg/g). 
As for the fourth station, it ranged from 
(54.040-2.150 µg/g), and finally the fifth sta-
tion (55.584-2.293 µg/g). The highest aver-
age value (55.584 µg/g) was observed at the 
fifth station during the autumn season, while 
the lowest average value (0.860 µg/g) was 
recorded at the second station during the 
summer. In the fourth station, cadmium is 

correlated with chromium (r=0.99), and there 
is a strong relationship between cadmium and 
chromium in the fifth station (r=0.99). Cad-
mium is released into the environment 
through various sources, which may be natu-
ral or human-induced. Volcanic eruptions 
and weathering of rocks are among the natu-
ral sources of cadmium, where it is released 
into the environment due to volcanic activity 
and rock reactions. Human sources include 
mining and manufacturing processes, in ad-
dition to the use of agricultural fertilizers and 
discharge of untreated sewage (Alloway, 
2012). 
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Figure (4) Cadmium concentration (µg/g) at locations in the study area 

Copper 
  The study results indicated that copper con-
centrations in the exchangeable phase of sed-
iment samples at five stations varied as fol-
lows (Figure 5): the first station (42.253-
0.134 µg/g), the second station (29.577-1.045 
µg/g), while at the third station (209.154-
0.286 µg/g). As for the fourth station, it 
ranged from (31.690-1.621 µg/g), and finally 
the fifth station (46.478-0.786 µg/g). The 
highest average value (209.154 µg/g) was ob-
served at the third station during the winter 

season, while the lowest average value (0.134 
µg/g) was recorded at the first station during 
the spring. The statistical analysis results re-
vealed a significant relationship between 
copper in the exchangeable phase and zinc in 
the fourth station (r=0.99). The presence of 
copper in the environment is attributed to the 
use of agricultural pesticides and fertilizers. 
In some cases, copper is used as a fungicide 
in agriculture (Robert-Sainte et al., 2009), 
and it can also be found in sewage water dis-
charged into rivers.  

 
Figure (5) Copper concentration (µg/g) at locations in the study area 

Iron  
The study results revealed that iron concen-
trations in the exchangeable phase of sedi-
ment samples at five stations varied as fol-
lows: the first station (173.359-49.785 µg/g), 
the second station (177.992-76.612 µg/g), 
while at the third station (196.139-10.060 
µg/g). As for the fourth station, it ranged 

from (180.695-13.155 µg/g), and finally the 
fifth station (191.505-70.163 µg/g). The 
highest average value (196.139 µg/g) was ob-
served at the third station during the spring 
season, while the lowest average value 
(10.060 µg/g) was recorded at the third sta-
tion during the autumn (Figure 6). The statis-
tical analysis results indicated a significant 
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relationship between iron in the exchangea-
ble phase and chromium (r=0.95) and lead 
(r=0.91). Iron behaves similarly geochemi-
cally to many heavy elements and exhibits a 
positive correlation with the clay and silt con-
tent in the soil, and an inverse relationship 
with the sand content. This phenomenon sug-
gests iron's ability to adsorb onto the surface 

of clay minerals, with iron absorption on the 
surface increasing with higher clay and or-
ganic matter content in the soil (Kostka & 
Luther III, 1994). This explains the variation 
in iron concentrations among the stations. 
The expected sources of iron are fertilizer and 
pesticide use. 

 
Figure (6) Iron concentration (µg/g) at locations in the study area 

Manganese 
From the study results, it is evident that man-
ganese concentrations in the exchangeable 
phase of sediment samples at five stations 
varied as follows: the first station (140.201-
4.296 µg/g), the second station (166.206-
53.920 µg/g), while at the third station 
(221.231-50.375 µg/g). As for the fourth sta-
tion, it ranged from (198.995-34.479 µg/g), 
and finally, the fifth station (251.381-53.168 
µg/g). The highest average value (251.381 

µg/g) was observed at the fifth station during 
the summer season, while the lowest average 
value (4.296 µg/g) was recorded at the first 
station during the winter (Figure 7). The sta-
tistical analysis results indicated a significant 
relationship between manganese in the ex-
changeable phase and lead (r=0.94), iron 
(r=0.94), and chromium. The reason for this 
increase is attributed to human factors, in-
cluding waste disposal and the growth of in-
dustrial activities. 

 
Figure (7) Manganese concentration (µg/g) at locations in the study area 
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Zinc 
The study results revealed that zinc concen-
trations in the exchangeable phase of sedi-
ment samples at five stations varied as fol-
lows: the first station (38.350-3.345 µg/g), 
the second station (40.974-1.432 µg/g), while 
at the third station (26.647-0.286 µg/g). As 
for the fourth station, it ranged from 

(188.252-2.865 µg/g), and finally, the fifth 
station (86.532-2.680 µg/g). The highest av-
erage value (188.252 µg/g) was observed at 
the fourth station during the winter season 
(Figure 8). The statistical analysis results in-
dicated a significant relationship between 
zinc in the exchangeable phase and copper 
(r=0.99). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (8) Zinc concentration (µg/g) at locations in the study area 

Chromium 
The study results demonstrated that chro-
mium concentrations in the exchangeable 
phase of sediment samples at five stations 
varied as follows: the first station (61.475-
0.872 µg/g), the second station (54.098-1.293 
µg/g), while at the third station (98.360-2.586 
µg/g). As for the fourth station, it ranged 
from (181.034-34.426 µg/g), and finally, the 
fifth station (315.517-42.672 µg/g). The 
highest average value (315.517 µg/g) was ob-
served at the fifth station during the autumn 
season. The lowest average value (0.872 

µg/g) was found at the first station during the 
autumn season (Figure 9). Statistical analysis 
revealed significant relationships between 
chromium in the exchangeable phase and 
lead (r=0.99) and iron (r=0.95) at the first sta-
tion. Furthermore, at the fifth station, chro-
mium was strongly correlated with cadmium 
(r=0.99) . The study indicated that the primary 
source of chromium is attributed to human 
activities causing pollution, including activi-
ties such as painting, dyeing, chemical man-
ufacturing, and steel production (Jaishankar 
et al., 2014).  

 
Figure (9) Chromium concentration (µg/g) at locations in the study area 
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Cobalt 
The study results revealed that cobalt concen-
trations in the exchangeable phase of sedi-
ment samples at five stations varied as fol-
lows: the first station (22.950-0.11 µg/g), the 
second station (24.950-0.030 µg/g), while at 
the third station (22.950-0.078 µg/g). As for 
the fourth station, it ranged from (22.950-
0.210 µg/g), and finally, the fifth station 
(26.229-0.123 µg/g). The highest average 
value (26.229 µg/g) was observed at the fifth 
station during the winter season. The lowest 

average value (0.030 µg/g) was found at the 
second station during the spring season (Fig-
ure 10). Statistical analysis demonstrated sig-
nificant correlations between cobalt in the ex-
changeable phase and cadmium (r=0.98). 
Additionally, there was a relationship be-
tween cobalt at the fifth station and copper 
(r=0.97). The use of agricultural pesticides 
and improper disposal of untreated sewage 
water into rivers have led to an increase in co-
balt content in the environment (Defarge et 
al., 2018; Li et al., 2009). 

 

 
Figure (10) Cobalt concentration (µg/g) at locations in the study area 

Heavy Elements pollution Indices 
Contamination Factor (CF):  
Lead 
Table (5) The highest contamination factor 
(CF) value in the exchangeable phase for lead 
was recorded as (13.936) at the second sta-
tion during the summer season. The lowest 
value (1.170) was observed at the third sta-
tion during the winter season. The contami-
nation factor (CF) value for lead ranged from 
(1.17≤CF≤13.936), indicating that the envi-
ronment experienced a high to very high level 
of contamination (Table 1). The highest con-
tamination factor (CF) value in the exchange-
able phase for cadmium was recorded as 
(370.561) at the fifth station during the au-
tumn season. The lowest value (5.733) was 
observed at the second station during the 
summer season. The contamination factor 
(CF) value for cadmium ranged from 
(5.733≤CF≤370.561), indicating that the en-
vironment experienced a high to very high 

level of contamination. The highest contami-
nation factor (CF) value in the exchangeable 
phase for copper was recorded as (3.075) at 
the third station during the winter season. The 
lowest value (0.001) was observed at the first 
station during the spring season. The contam-
ination factor (CF) value for copper ranged 
from (0.001≤CF≤3.075), indicating that the 
environment experienced low to considerable 
levels of contamination. 
Iron  
 The results indicated that the highest con-
tamination factor (CF) value in the exchange-
able phase for iron was recorded at the first 
station during the autumn season (0.009), 
while the lowest value was observed at the 
third station (0.0002) during the autumn sea-
son as well. The contamination factor (CF) 
value for iron ranged from 
(0.0002≤CF≤0.009), suggesting that the en-
vironment experienced a low level of con-
tamination. Table (5) 
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Manganese 
Table (5) The results revealed that the highest 
contamination factor (CF) value in the ex-
changeable phase for manganese was rec-
orded at the fifth station during the summer 
season (0.279), while the lowest value was 
observed at the first station during the winter 
season (0.004). The contamination factor 
(CF) value for manganese ranged from 
(0.004≤CF≤0.279), indicating that the envi-
ronment experienced a low level of contami-
nation. 
Zinc 
The highest contamination factor (CF) value 
in the exchangeable phase for zinc was ob-
served at the fourth station during the winter 
season (2.382), while the lowest value was 
recorded at the second station during the au-
tumn season (0.018). The contamination fac-
tor (CF) value for zinc ranged from 
(0.018≤CF≤2.382), indicating that the envi-
ronment experienced a moderate level of 
contamination. Table (5) 

Chromium 
Table (5) The highest contamination factor 
(CF) value in the exchangeable phase for 
chromium was observed at the fifth station 
during the autumn season (3.155), while the 
lowest value was recorded at the first station 
during the autumn season (0.008). The con-
tamination factor (CF) value for chromium 
ranged from (0.008≤CF≤3.155), indicating 
that the environment experienced a high level 
of contamination. 
Cobalt 
Additionally, the highest contamination fac-
tor (CF) value in the exchangeable phase for 
cobalt was observed at the fifth station during 
the winter season (1.049), while the lowest 
value was recorded at the second station dur-
ing the spring season (0.001). The contami-
nation factor (CF) value for cobalt ranged 
from (0.001≤CF≤1.049), indicating that the 
environment experienced a moderate level of 
contamination. Consequently, the contami-
nation factor results were ranked as follows: 

𝐶𝐹௖ௗ > 𝐶𝐹௣௕  >  𝐶𝐹 ெ௡  >  𝐶𝐹௖௥ >  𝐶𝐹௭௡ >   𝐶𝐹௖௨ >   𝐶𝐹௖௢ >   𝐶𝐹ி௘ 
Table (5) Contamination Factor (CF)   

Several factors contributed to the 
increase in heavy metal concentra-
tions in the sediments, including 
the presence of the West Qurna 2 
oil field, vehicular traffic, waste 

disposal, as well as the use of ferti-
lizers, pesticides, and agricultural 

enhancers, along with animal graz-
ing. Station 

Season CF(Pb) CF(Cd) CF(Cu) CF(Fe) CF(Mn) CF(Zn) CF(Cr) CF(Co) 

1 

Autumn 3.146 38.600 0.114 0.009 0.067 0.105 0.008 0.918 
Winter 2.322 34.997 0.621 0.0013 0.004 0.261 0.038 0.852 
Spring 9.254 13.377 0.001 0.0034 0.155 0.485 0.516 0.014 

summer 11.568 7.644 0.049 0.0030 0.121 0.033 0.614 0.004 

2 

Autumn 2.772 34.997 0.043 0.001 0.070 0.018 0.012 0.590 
Winter 1.198 30.365 0.434 0.0015 0.059 0.518 0.426 0.983 
Spring 9.750 18.155 0.015 0.0034 0.184 0.144 0.540 0.001 

summer 13.936 5.733 0.042 0.0035 0.160 0.038 0.418 0.008 

3 

Autumn 2.472 27.792 0.046 0.0002 0.055 0.018 0.025 0.852 
Winter 1.170 32.938 3.075 0.0015 0.061 0.337 0.530 0.918 
Spring 10.190 17.200 0.037 0.0039 0.245 0.099 0.983 0.003 

summer 11.457 11.466 0.004 0.0038 0.198 0.064 0.319 0.006 

4 
Autumn 1.948 360.267 0.052 0.0002 0.063 0.036 1.810 0.590 
Winter 2.247 32.424 0.466 0.0014 0.060 2.382 0.439 0.918 
Spring 10.686 21.978 0.023 0.0031 0.221 0.066 0.467 0.010 
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   Enrichment Factor 

Lead 
The study recorded the highest enrichment 
factor (EF) value in the exchangeable phase 
for lead, which was (12288.7) at the third sta-
tion during the autumn season. 
The lowest value was observed at the third 
station during the winter season (766.25). 
The EF value for lead was (EF>50), indicat-
ing that the environment is highly enriched. 
Table (6) 
Cadmium 
Table (6) The study recorded the highest en-
richment factor (EF) value in the exchangea-
ble phase for cadmium, which was 
(1369248.80) at the fourth station during the 
autumn season. The lowest value was ob-
served at the second station during the sum-
mer season (1610.55). The EF value for cad-
mium was (EF>50), indicating that the envi-
ronment is highly enriched. 
 
Copper 
The highest enrichment factor (EF) value in 
the exchangeable phase for copper was rec-
orded at the third station during the winter 
season, which was (2014.16). The lowest 
value was observed at the first station during 
the spring season (0.56). The EF value for 
copper ranged from 0.56 to 2014.16, indicat-
ing conditions ranging from no enrichment to 
extremely strong enrichment. Table (6) 
Manganese 
Table (6), the study revealed that the highest 
enrichment factor (EF) value in the ex-
changeable phase for manganese was rec-
orded at the third station during the autumn 
season, reaching 278.19. The lowest value 
was observed at the first station during the 
winter season, measuring 3.43. The EF value 
for manganese ranged from 3.43 to 278.19, 

indicating a level of enrichment ranging from 
moderate to extremely strong. 
Zinc 
It is evident that the highest enrichment factor 
(EF) value in the exchangeable phase for zinc 
was recorded at the fourth station during the 
winter season, reaching 1655.53. The lowest 
value was observed at the fifth station during 
the spring season, measuring 9.04. The EF 
value for zinc ranged from 9.04 to 1655.53, 
indicating a level of enrichment ranging from 
moderate-to-strong to extremely strong. Ta-
ble (6) 
Chromium 
Table (6), the highest value for the enrich-
ment factor (EF) in the exchangeable phase 
for chromium was recorded at the fourth sta-
tion during the autumn season, reaching 
6880.49. The lowest value was observed at 
the second station during the same season, 
measuring 6.77. The EF value for chromium 
ranged from 6.77 to 6880.49, indicating a 
level of enrichment ranging from moderate-
to-strong to extremely strong. 
Cobalt 
Lastly, the highest value for the enrichment 
factor (EF) in the exchangeable phase for co-
balt was recorded at the third station during 
the autumn season, reaching 4236.79. The 
lowest value was observed at the second sta-
tion during the spring season, measuring 
0.35. The EF value for cobalt ranged from 
0.35 to 4236.79, indicating conditions rang-
ing from no enrichment to extremely strong 
enrichment. The sediment in the study area 
ranges from moderate to extremely high en-
richment. Based on the mean EF values in 
Table (6), the elements are ordered as fol-
lows: EF(Cd) > EF(Pb) > EF(Co) > EF(Cr) > 
EF(Cu) > EF(Zn) > EF(Mn). 

𝐸𝐹௖௨ > 𝐸𝐹௣௕  >  𝐸𝐹 ௖ௗ  >  𝐸𝐹௭௡ >  𝐸𝐹௖௥ >   𝐸𝐹௠௡ >   𝐸𝐹௖௢ >   𝐸𝐹௙௘ 
 

Table (6) Enrichment Factor 
Station Season EF(Pb) EF(Cd) EF(Cu) EF(Mn) EF(Zn) EF(Cr) EF(Co) 

1 Autumn 3160.44 38766.66 115.45 67.50 105.63 8.75 921.99 

summer 12.449 14.333 0.048 0.0036 0.186 0.066 0.344 0.008 

5 

Autumn 2.547 370.561 0.683 0.002 0.067 0.076 3.155 0.918 
Winter 2.097 35.512 0.584 0.0014 0.059 1.095 0.426 1.049 
Spring 12.669 16.244 0.011 0.0037 0.234 0.033 0.737 0.008 

summer 13.000 15.289 0.088 0.0038 0.279 0.234 0.540 0.004 
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Winter 1673.62 25215.14 447.74 3.43 188.17 27.95 614.25 
Spring 2669.17 3857.11 0.56 44.92 140.01 148.93 4.16 
summer 3831.38 2530.38 16.29 40.08 11.06 203.60 1.45 

2 

Autumn 1452.29 18332.09 22.78 37.07 9.500 6.77 309.17 
Winter 782.37 19814.07 283.87 39.10 338.49 27.496 641.93 
Spring 2850.24 5306.67 4.49 53.98 48.06 158.14 0.35 
summer 3915.01 1610.55 11.92 45.05 10.88 117.43 2.36 

3 

Autumn 12288.67 138102.10 231.62 278.19 90.13 128.53 4236.79 
Winter 766.25 21566.14 2014.16 40.40 220.88 347.17 601.16 
Spring 2597.89 4384.64 9.56 62.66 25.28 250.74 0.79 
summer 2997.58 2999.86 1.10 52.03 16.86 83.63 1.69 

4 

Autumn 7403.87 1369248.80 200.73 145.60 137.84 6880.49 2243.00 
Winter 1561.58 22523.57 323.77 42.20 1655.53 305.44 637.79 
Spring 3350.92 6889.94 7.47 69.32 20.84 164.49 3.24 
summer 3444.89 3966.16 13.33 51.68 18.51 95.26 2.32 

5 

Autumn 970.10 141113.71 260.28 25.54 29.00 1201.52 349.09 
Winter 1494.98 25302.85 416.23 42.09 780.57 304.09 747.66 
Spring 3376.01 4327.32 3.07 62.59 9.04 196.56 2.37 
summer 3394.24 3991.17 23.16 72.92 61.32 141.24 1.28 

 
The geochemical accumulation Index for heavy 
elements 
Lead 
Table (7), the highest value of the geoaccumula-
tion index in the exchangeable phase was (3.215) 
in station two during the summer season, and the 
lowest value (-0.358) was recorded in station 
three during the winter season. The value of the 
geoaccumulation index (I-geo) for the element 
Pb ranged from -0.358 to 3.215, indicating that 
the environment ranged from practically uncon-
taminated to heavily polluted. 
Cadmium 
The highest value of the geoaccumulation index 
in the exchangeable phase was (7.948) in station 
five during the autumn season, and the lowest 
value (1.934) was recorded in station two during 
the summer season. The value of the geoaccumu-
lation index (I-geo) for cadmium ranged from 
1.934 to 7.948, exceeding 5 at some stations, in-
dicating moderately to extremely polluted condi-
tions. Table (7) 
 Copper 
Table (7) for copper, the highest value of the ge-
oaccumulation index in the exchangeable phase 
was (1.036) in station three during the winter sea-
son, and the lowest value (-9.572) was recorded 
in station one during the spring season. The value 
of the geoaccumulation index (I-geo) for copper 
ranged from -9.572 to 1.036, indicating that the 
environment ranged from practically uncontami-
nated to moderately polluted. 

Iron 
Additionally, the highest value of the geoaccu-
mulation index in the exchangeable phase was (-
8.578) in station three during the spring season, 
and the lowest value (-12.864) was recorded in 
station three during the autumn season. The value 
of the geoaccumulation index (I-geo) for iron 
was (I-geo ≤ 0), indicating that the environment 
is practically uncontaminated. Table (7) 
Manganese 
Table (7), the highest value of the geoaccumula-
tion index in the exchangeable phase was (-
2.425) in station five during the summer season, 
and the lowest value (-8.295) was recorded in sta-
tion one during the winter season. The value of 
the geoaccumulation index (I-geo) for manga-
nese was (I-geo ≤ 0), indicating that the environ-
ment is practically uncontaminated. 
Zinc 
The highest value of the geoaccumulation index 
in the exchangeable phase was (0.667) in station 
four during the winter season, and the lowest 
value (-8.694) was recorded in station three dur-
ing the summer season. The value of the geoac-
cumulation index (I-geo) for zinc was (I-geo < 1), 
indicating that the environment ranged from 
practically uncontaminated to uncontaminated to 
moderately polluted. Table (7) 
 
Chromium 
Table (7), the highest value of the geoaccumula-
tion index for chromium in the exchangeable 
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phase was (1.072) in station five during the au-
tumn season, and the lowest value (-7.426) was 
recorded in station one during the autumn season. 
The value of the geoaccumulation index (I-geo) 
for chromium ranged from -7.426 to 1.072, indi-
cating that the environment ranged from practi-
cally uncontaminated to moderately polluted. 
Cobalt 
The results indicated that the highest value of the 
geoaccumulation index in the exchangeable 
phase was (-0.515) in station five during the win-
ter season, and the lowest value (-10.285) was 
recorded in station two during the spring season. 

The value of the geoaccumulation index (I-geo) 
for cobalt was (I-geo ≤ 0), suggesting that the en-
vironment is practically uncontaminated . 
From this, we deduce that the geochemical accu-
mulation index for heavy elements in the study 
area, according to the classification by (Müller, 
1969), showed that the sediments of the Al-Ezz 
River were polluted to severely polluted with 
cadmium, as it exceeded the maximum threshold 
of pollution degrees (I-geo > 5), indicating a 
highly polluted condition in the exchangeable 
phase. Table (7) 

 

Table (7) The geochemical accumulation Index for heavy elements 
 

Station Season 
I-geo 
(Pb) 

I-geo 
(Cd) 

I-geo 
(Cu) 

I-geo 
(Fe) 

I-geo 
(Mn) 

I-geo 
(Zn) 

I-geo 
(Cr) 

I-geo 
(Co) 

1 

Autumn 1.068 4.685 -3.705 -10.557 -4.479 -3.833 -7.426 -0.708 

Winter 0.630 4.544 -1.271 -10.078 -8.295 -2.522 -5.273 -0.815 

Spring 2.625 3.156 -9.572 -8.756 -3.267 -1.627 -1.538 -6.700 

summer 2.947 2.349 -4.930 -8.956 -3.631 -5.146 -1.286 -8.413 

2 

Autumn 0.886 4.544 -5.107 -9.618 -4.4056 -6.370 -6.857 -1.345 

Winter -0.323 4.339 -1.786 -9.935 -4.645 -1.532 -1.813 -0.608 

Spring 2.700 3.597 -6.608 -8.776 -3.021 -3.189 -1.471 -10.285 

summer 3.215 1.934 -5.143 -8.718 -3.225 -5.359 -1.843 -7.477 

3 

Autumn 0.721 4.211 -5.008 -12.864 -4.7440 -6.370 -5.857 -0.815 

Winter -0.358 4.456 1.036 -9.939 -4.603 -2.152 -1.500 -0.708 

Spring 2.764 3.519 -5.321 -8.578 -2.609 -3.918 -0.608 -8.909 

summer 2.933 2.934 -8.478 -8.616 -2.914 -8.694 -2.230 -7.854 

4 

Autumn 0.377 7.907 -4.827 -12.477 -5.291 -5.370 0.271 -1.345 

Winter 0.583 4.434 -1.686 -10.025 -4.626 0.667 -1.770 -0.708 

Spring 2.832 3.873 -5.975 -8.877 -2.762 -4.495 -1.682 -7.177 

summer 3.053 3.256 -4.960 -8.697 -3.005 -5.176 -2.123 -7.477 

5 Autumn 0.764 7.948 -1.133 -9.157 -4.4830 -4.299 1.072 -0.708 
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Winter 0.483 4.565 -1.360 -10.062 -4.662 -0.453 -1.813 -0.515 

Spring 3.078 3.436 -7.019 -8.642 -2.674 -5.466 -1.023 -7.393 

summer 3.115 3.349 -4.079 -8.613 -2.425 -2.674 -1.471 -8.252 

Conclusions       
In this study of the Al-Ezz River, notable sea-
sonal variations were observed in total organic 
carbon (TOC) values, with the highest levels oc-
curring during the summer and the lowest during 
the autumn. The predominant sediment composi-
tion across sampling stations was identified as 
clay-greenish. Importantly, the sediments exhib-
ited elevated concentrations of heavy elements, 
particularly lead and cadmium, posing significant 

pollution concerns. Assessment using the Geoac-
cumulation Index classified the sediments as 
highly contaminated with lead and heavily to ex-
tremely contaminated with cadmium, emphasiz-
ing the urgency of addressing these environmen-
tal issues. Additionally, strong correlations 
among various heavy elements highlight com-
plex interactions that warrant further investiga-
tion for effective environmental management 
strategies.
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 مدينة البصرة العز شمالبالعناصر الثقيلة في الطور المتبادل في رواسب نهر  تقييم التلوث

 
 ز العبد العزيبسام عاشور  كاظم،حمزة عبد الحسن  شنيشل،شذى عبد الحسن 

  العراق البصرة،جامعة  البحار،مركز علوم  العلوم،كلية  العلوم،كلية 
 المستخلص

ولخمس محطات ممتدة على طول   25/6/2023ولغاية الصيف    12/10/2022جُمعت عينات الرسوبيات فصلياً ابتداءً من الخريف  
, الكادميوم  Pb( الرصاص  بالطور المتبادل العناصر الثقيلةبنهر العز في قضاء القرنة شمال مدينة البصرة لغرض تقييم تلوث النهر 

Cd    النحاس ,Cu    المنغنيز ,Mn    الزنك ,Zn    الكروم ,Cr    ,الكوبالت  Co     الحديد,Fe  , (وأيضاً تم  ) حساب عامل التلوثCF  ( ,
الثقيلة  ) لغرض تقييم درجة تلوث رواسب منطقة الدراسة بالعناصرI-geo(  التراكم الجيوكيميائي) ودليل EFغناء (وحساب عامل الإ

,   Cu, النحاس  Cd, الكادميوم  Pb( الرصاص لعناصر الثقيلة بالطور المتبادل ا لتراكيز نتائج الدراسة بأن المعدل السنوي ظهرتأ.
 Fe (µg/g )95.842 , 8.549 , 21.918 , 111.016 , 23.175,الحديد    Co الكوبالت,  Cr, الكروم  Zn, الزنك  Mnالمنغنيز 

  ) وزن جاف على التوالي.  122.18 , 10.826 , 61.749 ,
تلوث عالٍ CF(  أظهرت قيم التربة ذات  النحاس والحديد والمنغنيز   ) بأن  تلوث مُنخفض بعنصر  بالرصاص والكادميوم وذات   جداً 
نها مُلوثة أنهر العز يمكن تصنيفُها على    فإن رواسب)  I-geo(   التراكم الجيوكيميائيوحسب قيم عامل    .الكوبالتوبالكروم    وتلوث عالٍ 

لى مُتوسطة التلوث بعنصر النحاس وغير مُلوثة إلى مُلوثة بشدة بعنصر الكادميوم وغير مُلوثة إبشدة بعنصر الرصاص وملوثة للغاية 
  .الكوبالتتلوث مُتوسط بعنصر  والبيئة ذات ،الكوبالتوبعنصر المنغنيز والزنك 

 

 


