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Heavy metals (HMs) are the main pollutants in water systems, posing threat to 

water quality, aquatic life, and human health. In Hamza region of Iraq, the 

growing discharge of industrial, agricultural overflow, and household excess has 

raised concerns on the HMs load in this water body. This work was designed to 

assess the concertation, distribution, and hazards of heavy metals on aquatic 

environments in Al-Hamza City, Iraq. Samples of water and sediment were 

collected from six locations during winter and summer. The levels of pH, 

electrical conductivity, and dissolved oxygen were measured in situ. Levels of 

lead (Pb), cadmium (Cd), copper (Cu), chromium (Cr), zinc (Zn), and nickel (Ni) 

were assessed. Water pollution index, potential environmental, pollutant factors 

(CF), geo-accumulation index (I_geo), and hazards index (RI) were calculated. 

Water parameters (WT, TDS, DO and turbidity) ranged between 22.4-28.6 C°, 

7.6-8.3, 534-556 mg/L, 4.2-6.2 mg/L, and 4-6.1 NTU, respectively. Values of 

water temperature and pH were within the permissible limits. The mean 

concentrations of the analyzed HM in water and sediments followed the order Zn 

> Cu > Ni > Pb > Cr > Cd, which had low values in water. The heavy metals 

averages in sediments were high. Pb and Cd concentrations exceeded guideline 

values for aquatic life protection. The contamination indices addressed included 

pollution index (PI), contamination factor (CF), pollution load index (PLI), 

geoaccumulation index (Igeo) and environment risk index (RI). The spatial 

variation revealed that sites 4, 5 & 6 in Hamza City had the highest values due to 

the discharge of waste water and industrial effluents directly into the stream 

without prior treatment. The mechanical workshops district beside the river as 

well as spinning and weaving and rubber manufacturing and factories located 

about 8 kms upstream the study area may be associated with potential pollutant 

sources affecting river water quallity. Compared with summer, the emporal 

variation of contamination indices values were lower during winter. The rainfall 

and high water discharges in winter season play a vital role in diluting and 

diffusing these HMs in the water and sediment of the Euphrates River in the 

study area. The study revealed significant pollution level in Hamza's water. 
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INTRODUCTION  

 

 Aquatic ecosystems are fundamental for maintaining ecological balance and 

biodiversity (Alimov, 2017). However, these ecosystems have become increasingly 

polluted by heavy metals (HMs) due to rapid industrialization, urbanization, and 

agricultural development (Hu et al., 2013). Heavy metals do not decompose naturally and 

may persist in the environment for long periods, gradually accumulating in sediments and 

aquatic organisms. They can also be transferred through food chains, posing hazardous 

effects on the environment and human health (Al-Bahathy et al., 2024a). 

 Many heavy metals, such as lead (Pb), cadmium (Cd), chromium (Cr), zinc (Zn), 

copper (Cu), and nickel (Ni), can be detected in freshwater ecosystems (Salaah et al., 

2025). The presence of these metals at high concentrations can disrupt aquatic life by 

altering the behavior of fish and invertebrates, causing DNA damage, and impairing 

reproductive functions (Afzaal et al., 2022; Singh et al., 2024). 

 Heavy metals induce multiple toxic effects in crustaceans, including metabolic 

dysfunction, genotoxic effects, respiratory impairment, DNA damage, and reduced sperm 

motility and quantity. These toxic effects intensify with prolonged exposure and 

increasing metal concentrations (Waqas et al., 2024). Heavy metals in drinking water 

usually enter the human body through direct ingestion and dermal contact. Therefore, 

human health risk (HHR) assessment of heavy metals entering the body through ingestion 

and skin contact can provide a comprehensive evaluation of their total risk to human 

health (Wu et al., 2021). 

 Environmental toxicity evaluation is a useful tool for understanding how 

pollutants affect aquatic life and ecosystems. This evaluation is commonly associated 

with examining metal concentrations in water, sediments, and organisms, as well as 

assessing biological effects such as bioaccumulation and toxicity indicators (Connon et 

al., 2012; Chapman et al., 2018). Such studies are important for establishing pollution 

control measures and guiding management or remediation strategies. 

 Several studies have investigated the water quality of Iraqi water bodies (Al-

Janabi et al., 2021, 2024; Al-Safi et al., 2024; Al-Bahathy et al., 2024b, 2025; Al-

Bahathy & Nashaat, 2025). According to these studies, water quality varies among 

water bodies depending on their proximity to pollution sources, such as sewage, 

agricultural runoff, and industrial effluents. 

 The study area has also been examined in previous studies concerning heavy 

metals in water and sediments. Murad et al. (2020) investigated sediment contamination 

and reported generally low concentrations of heavy metals, except for Fe and Pb, which 
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were relatively high. The concentrations followed the order Fe > Pb > Zn > Ni > Cr > Cu 

> Cd. The lower mean concentrations observed at some stations were attributed to fewer 

pollution sources, whereas higher concentrations at other stations were associated with 

multiple pollution sources, including sewage pollutants, municipal waste, and fertilizer 

residues. Determining heavy metal concentrations is important for identifying pollution 

locations, levels, causes, sources, and suitable remediation methods to protect public 

health. 

 Similarly, Ibrahiem and Walli (2025) assessed heavy metals in the Euphrates 

River within the study area and reported the concentration of ⁴⁰K in water. The highest 

concentrations of Pb, Cd, and Ni were 0.1247, 0.0652, and 0.157 ppm, respectively. In 

addition, Ali et al. (2025) found that water samples from the Euphrates River were 

polluted with nickel, with the highest concentration, 0.374 mg/L, recorded during 

summer. 

 Therefore, this study seeks to assess the environmental toxicity of selected heavy 

metals in the aquatic environments of Al-Hamza City. Specifically, the main objectives 

are  to (1) examine the spatial and seasonal variations of heavy metals in water and 

sediment from the Euphrates River in Hamza City, southern Iraq; and (2) evaluate heavy 

metal contamination levels using the water pollution index, contamination factor (CF), 

geo-accumulation index (Igeo), and risk index (RI). The findings can support regional 

monitoring programs and contribute to the development of strategies to reduce pollution 

and protect aquatic ecosystems. 

 

MATERIALS AND METHODS  

 

Study Area and Sampling Procedures 

          This research was conducted in Al-Hamza City, southern Al-Qadisiyah City, Iraq. 

The study area is diverse, consisting of agriculture farms, resident neighborhoods, and 

small industrial workshops. The main water system for this city consists of branch of 

Euphrates River that receives domestic wastewater and agricultural runoff. The samples 

were collected from the river main stream (Fig. 1) to evaluate changes in the river water 

and sediment quality.  
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Fig. 1. Maps of the study area. 

         The samples were obtained from 6 selected locations seasonally along the main 

canal and its branches during winter and summer in 2025. In each location, three 

duplicate water samples (1L) were taken from a depth of almost 30 cm under the surface 

of water in one-liter polyethylene bottles. Before taking the samples, each bottle was 

washed three times with distilled water to avoid contamination. All samples were 

acidified to pH level under 2 using hygienic nitric acid (HNO₃, Merck, Germany) and 

then stored in the frledge at 4 °C until laboratory examinations.  

Table 1. The geographical positions (GPS) of the study site. 

Study Sites  Latitude Longitude 

Site 1 31°47'48.58"N 44°58'27.19"E 

Site 2 31°46'20.45"N 44°59'5.95"E 

Site 3 31°44'59.94"N 44°58'49.23"E 

Site 4 31°43'39.22"N 44°58'16.31"E 

Site 5 31°42'39.55"N 44°58'56.55"E 

Site 6 31°41'54.02"N 45° 0'12.15"E 
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Physical and Chemical Parameters 

         At each sampling site, the measurements of water temperature, pH, electrical 

conductivity (EC), total dissolved solids (TDS), and dissolved oxygen (DO) were directly 

evaluated using multi-parameter water analyzer (HANNA HI98194, Italy). Turbidity was 

measured individually via portable turbidity meter (HACH 2100Q, USA). 

Sediment Samples 

           Surface sediments were collected  at a depth of 0 to 10 cm. Each sample was 

placed in acid-washed polyethylene bag and left at room temperature. After that, the 

sediments were passed through 63-µm stainless steel sieve to eliminate any visible grit. 

The dried sediments were then collected and kept in clean plastic boxes for later 

examination.   

Sample Digestion 

         For water samples, approximately 100 mL of the sample was digested with 5 mL of 

concentrated HNO₃ (Merck, Germany) and heated gently to around 95 °C until the 

volume went down to roughly 20 mL. The digested mix was then filtered through 

Whatman No. 42 filter paper and diluted up to 50 mL with deionized water. For sediment 

and tissue samples, approximately 1.0 g of powdered sample was digested with 10 mL of 

a mixed acid solution, HNO₃:HClO₄, 3:1 v/v, on a hot plate at 120 °C until a clear 

solution appeared. The digested solution was then filtered and diluted to a final volume of 

50 mL using deionized water. 

Determination of Heavy Metals 

        The levels of Pb, Cd, Cu, Zn, Cr, and Ni was calculated via atomic absorption 

spectroscopy (AAS) (PerkinElmer Analyst 400, USA) with the proper hollow cathode 

lamp for each metal. Measurement curve was accomplished using approved standard 

solutions (1000 mg/L, Sigma-Aldrich, USA). All measurements were taken 3 times and 

blank sample was tested as control. Quality was also guaranteed utilizing standard 

reference materials (SRM 1643f, National Institute of Standards and Technology, USA). 

The restricts of detection for metals in (mg/L) were: lead, chromium and nickel (0.01), 

cadmium (0.002), copper and zinc (0.005).  

Environmental Toxicity Assessment 

         The environment risk of each mineral in the water and sediment were calculated 

using the pollution index (PI) to evaluate the load of water pollution. It considers the 

metal’s concertation, toxicity level, and natural background evaluates. In addition, the 

contamination index (CF), pollution load index (PLI), geological accumulation index 
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(Igeo) and the Hackinson risk index (RI) were calculated to assess the extent of 

contamination in the area and its potential impacts.  

 In order to assess water and sediments quality, the measured mineral 

concentrations were assessed according to CMME (2001). Limits and Canadian minister 

water quality standards were used to determine the suitability of the water for aquatic life 

and irrigation purposes. 

Pollution Index  

      The pollution index (PI) was used to evaluate the load of water pollution levels. The 

concentrations of heavy metals were categorized into 5 classes: 1) PI < 1   demonstrates 

“no effect”, 2) 1< PI < 2 is classified as “slightly affected”, 3) 2 < PI < 3 is determined as 

“moderately affected”, 4) 3< PI < 5 is classified as “strongly affected”, and 5) PI >5 is 

classified as “seriously affected”. PI was derived by the following equation (Eq. 1) 

according to Maktoof et al. (2020): 

𝑃𝐼 =
√(

𝐶𝑖

𝑆𝑖
)2

𝑚𝑎𝑥 
+ 

𝐶𝑖

𝑆𝑖
)2

𝑚𝑖𝑛 

2
     (1) 

Where: Ci – refers to the concentration of elements in the sample, Si – refers to national 

water quality criteria for the metal level. 

 

Contamination Factor  

 It is the first step toward the risk assessment. It was used to determine the 

contamination of single elements (Hakanson, 1980). Cf was calculated according to the 

Equation 2: 

 𝑪𝒇 =
𝑪𝒎

𝑪𝒃
            (2) 

Where: Cf – refers to the contamination factor, Cm – represents the average level of 

elements in water, Cb – represents the standard value for the same elements (the 

reference value). According to Agwu et al. (2023), the contamination factor is grouped 

into four categories as explained in Table (2). 

                             Table 2. Levels of contamination for Cf. 

Contamination factors Levels of effect 

 The value less than 1  Low effect  

The values between 1 and 3  Moderate effect 

The values between 3 and 6  High effect 

The value more than 6 Severe effect 
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Pollution load index (PLI) 

       Quality of sediment was evaluated via the pollution load index. It was defined as the 

n-th root of the metal multiplications of the contamination factor (CF) (Islam et al., 

2015). 

𝑷𝑳𝑰 =  √𝑪𝑭𝟏  ×  𝑪𝑭𝟐  ×  𝑪𝑭𝟑  × 𝑪𝑭𝟒  × 𝑪𝑭𝒏 
𝒏                (3) 

 

The Geoaccumulation Index  

      Geo index was used to assess environmental contamination by comparing current 

concentrations of heavy metals in soil or sediments to preindustrial background 

levels (Müller, 1969). It was calculated using a specific logarithmic equation. It consists 

of seven classes, with the highest class indicating a 100-fold enrichment above 

background values. 

𝐼𝑔𝑒𝑜 =  𝑙𝑜𝑔2(
𝐶𝑛

1.5 × 𝐵𝑛
)          (4) 

Where, Cn is the measured concentration of the metal “n”, within the sediment. 

Bn represents the background concentration of the metal “n. The factor 1.5 is introduced 

into the expression, to account for variations in background values due to lithogenic 

effects.  

          The index of geoaccumulation consists of seven grades, or classes: from unpolluted 

(Igeo < l); very low and low polluted (1 < Igeo < 3); moderately polluted (3 < Igeo < 4); 

highly polluted (4 < Igeo < 5); to very highly polluted (5 < Igeo < 6). The highest-grade (6) 

indicates a 100-fold enrichment, above the background data according to Muller (1969). 

Ecological Risk Assessment 

 The following relationships were used to assess the ecological risk and 

environmental risk potential (RI) of sediments (Hakanson, 1980). 

𝐸𝑅𝐼 = 𝑇𝑅 × 𝐶𝐹           (5) 

𝑅𝐼 =  ∑ 𝐸𝑅𝐼                                  (6) 

Where, CF is the contamination factor, ER indicates the ecological risk of each element 

studied, and RI represents the sum of the elements. The value of TR indicates the toxicity 

of heavy metals expressing ecological risk for each element derived from Hakanson 

(1980). A five-level classification was assessed: ER = 40, low risk; 80 > ER > 40, 

medium risk; 160 > ER > 80, significant risk; 320 > ER > 160, high risk; and ER = 320, 
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very high risk. For the analysis of risk index (RI), four categories are determined as 

follows: RI < 150, low risk; 300 > RI ≥ 150, medium risk; 600 > RI ≥ 300, significant 

risk; and RI ≥ 600, very high risk (Hakanson, 1980). Risk classification (RI values) < 

150: Low ecological risk 150 - 300: Moderate ecological risk 300 - 600: Considerable 

ecological risk 600: Very high ecological risk 

Statistical Analysis        

       Data were analyzed using GraphPad Prism version 10 (GraphPad Software, USA). 

Descriptive mean and standard deviation were designed for each parameter. Data on 

heavy metal concentrations (Pb, Cd, Cr, Cu, Zn, Ni) at six sedimentary sites were 

analyzed using multivariate methodologies. Prior to analysis, Z-score standardization was 

applied to each element to eliminate the effects of differing units of measurement and 

variations in magnitude among elements, so that the analysis would be based on relative 

patterns across sites. The measured data matrix was analyzed by principal component 

analysis (PCA) to identify underlying factors and shrink the dimensions, and the 

components were interpreted using the explained variance and component loadings. The 

unsupervised clustering (K-means) of the principal component scores (PC1 and PC2) was 

also applied to determine the clusters of similar sites, and the k values were compared 

with the help of the Silhouette index as a quantitative measure of the quality of separation 

(Clayman et al., 2020). To provide a visual representation of the findings, a clustermap 

(hierarchical clustering with a heatmap) may be presented to visualize similarity pattern 

between sites and elements in an integrated way  (Warsito et al., 2021). 

RESULTS  

Physicochemical Characteristics of Water 

        Table (3) shows the results of WT, TDS, DO, and turbidity. The values ranged 

between 22.4-28.6 °C, 7.6-8.3, 534-556 mg/L, 4.2-6.2mg/L, 4-6.1 NTU, respectively. The 

results were compared against the guidelines for protection of aquatic life (CCME, 

2007). 

Heavy Metal Concentrations in Water and Sediments at the Study Sites 

         The mean concentrations of the analyzed HM in water and sediments are 

summarized in Tables (4, 5). In surface water, metal levels followed the order Zn > Cu > 

Ni > Pb > Cr > Cd. Table (4) shows the heavy metals averages in water which had low 

values and ranged between 0.00007-0.06 mg/L, 0.00007-0.05 mg/L, 0.00007-0.05 mg/L, 

0.00007-0.05 mg/L, 0.00007-1.56 mg/L, 0.00007-0.05 m/L for site 1, 2, 3, 4, 5 & 6, 

respectively. The spatial values indicated that Site 5 had a higher level than other sites. 

The results were compared with the guidelines for protection of aquatic life (CCME, 

2002).  
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Table 3. The means of water physicochemical parameters at the study sites in 2025. 

  

 

Table 4. Mean concentrations of heavy metals in water samples (S1-S6) in 2025. 

 

       Table (5) shows that most concentrations of heavy metals in sediments exceeded the 

limits of CCME (2001) during the study period confirming contamination risk. The 

heavy metals averages in sediments were high and ranged between 1.2-89.5 mg/Kg, 2-

100 mg/Kg, 2.5-115 mg/Kg, 3-0.120 mg/Kg, 3.5-140 mg/Kg and 3.9-148.2 mg/Kg for 

sites 1, 2, 3, 4, 5 & 6, respectively. The spatial values indicated that the downstream sites 

were the sites 4, 5 & 6, which recorded higher levels than the upstream sites. The results 

were compared against the sediment quality guidelines for protection of aquatic life 

(CCME, 2002). 

        The downstream sites (S4, S5 and S6) consistently exhibited higher heavy metals 

values in water and sediments than upstream locations (S1, S2 and S3), indicating 

anthropogenic input from domestic wastewater and agricultural drainage. 

 

 

 

Locations  S1 S2 S3 S4 S5 S6 CCME 

(2007) 

Temp 22.4 23.5 24.6 25.8 27.2 28.6 15 

pH 7.4 7.5 7.6 7.7 7.1 8.1 6.5-9 

TDS (mg/L) 540 534 530 545 556 543 500 

DO (mg/L) 6.2 5.8 5.4 5 4.2 5.5 5.5-9 

Turbidity (NTU)  4.1 4 4.5 6.1 6 5 5 

H. M. S1 S2 S3 S4 S5 S6 CCME 

(2007)  winter summer winter summer Winter summer winter summer winter summer winter summer 

Pb  0.1 0.13 0.011 0.13 0.11 0.13 0.1 0.13 0.11 0.13 0.1 0.13 0.001 

Cd  0.01 0.04 0.01 0.03 0.01 0.03 0.01 0.03 0.01 0.03 0.01 0.03 0.00001 

Cr  0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.001 

Cu  0.02 0.07 0.03 0.07 0.03 0.07 0.03 0.07 65 125 0.04 0.06 0.002 

Zn  0.08 0.09 0.08 0.09 0.08 0.1 0.08 0.1 0.08 0.1 0.08 0.1 0.03 

Ni 0.03 0.05 0.03 0.05 0.03 0.05 0.003 0.05 0.03 0.05 0.04 0.06 0.15 



Al-Safi et al. , 2026 1244 

Table 5. Mean concentrations of heavy metals in sediment samples (mg/kg weight) from the 

study sites in 2025. 

 

Pollution Index  

       Fig. (2) shows the water pollution index (WPI) values of Euphrates River, with WPI 

ranges of 0.0004-7.86 at sites 1, 2, 3 & 5. Whereas, WPI values were 0.0005-7.86 at sites 

4 & 6. Therefore, the water status of the river, based on WPI values, ranged from “no 

effect” to “seriously affected” at all sites of the study. 

 

Fig. 2. Water pollution index for the study sites in 2025. 

Contamination Factor (CF) 

 The calculated CF values (Table 6) indicate that Cd and Pb confirmed the highest 

contamination levels (CF = 9.3 and 2.1, respectively). Cu and Zn show moderate 

contamination while Cr and Ni were within low to moderate ranges. 
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ISQG 

CCME(2002) 

Pb  26.3 35 40 45 50 59.8 30 

Cd 1.2 2 2.5 3 3.5 3.9 0.6 

Cr  45.6 58 65 72 80 85.9 37.7 

Cu  57.3 70 80 85 95 98.7 35.7 

Zn  89.5 100 115 120 140 148.2 123 

Ni  33.8 45 52 58 62 65.1 45 
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The spatial CF averages for heavy metals ranged between 0.7-2.3, 0.9-3.6, 0.4-4.3, 0.07-

5.8, 0.5-9.1, 1.1-8.8 for sites 1, 2, 3, 4, 5 & 6, respectively. 

 The temporal CF averages for heavy metals in winter fluctuated between 0.07-1.1 

and the CF values in summer ramged between 2.3 and 9.1 for the study sites. The CF 

effect of heavy metals for the study sites is shown in Table (6). 

Table 6. Contamination factor (CF) and pollution load index (PLI) values. 

Sites CF ranges CF 

Classification 

ranges 

Contamination levels 

1 (0.7-2.3) (<1 , 1 - 3) (low effect- Moderate effect, respectively) 

2 (0.9-3.6) (<1 , 3-6) (Low effect-high effect, respectively) 

3 (0.4-4.3) (<1 , 3-6) (Low effect-high effect, respectively) 

4 (0.07-5.8) (<1 , 3- 6, >6) (Low effect-high effect, very high effect, 

respectively) 

5 (0.5-9.1) (<1 , >6) (Low effect- very high effect, respectively) 

6 (1.1-8.8) ( 3-6 , >6) (Moderate effect, very high effect, respectively 
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Fig. 3. Means of contamination factor (CF) for heavy metals in sediments for the study sites. 
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Pollution Load Index 

 It was observed from Fig. (3) that the values of total pollution load index of heavy 

metals in sediment samples varied by site and season. The values ranged from 1.3 to 2.3 

at Site 1, from 5.0 to 16.6 at Site 2, from 7.6 to 47.5 at Site 3, from 0.3 to 19.8 at Site 4, 

from 1.5 to 713.2 at Site 5, and from 46.8 to 331.6 at Site 6 during winter and summer, 

respectively. 

0.1

1

10

100

1000

summer winter summer winter summer winter summer winter summer winter summer winter

S1 S2 S3 S4 S5 S6

PLI

Fig. 3. Temporal and spatial variation of pollution load index for heavy metals in sediments. 

Geoaccumulation Index (Igeo) 

      The calculated Igeo values shown in Fig. (4) range from -0.2 to 7.2 at Site 1, from 0 

to 7.7 at Site 2, fom -1.5 to 9.0 at Site 3, from -5.4 to 8.9 at Site 4, from -2.7 to 9.8 at Site 

5, and from -1.1 to 7.9 at Site 6 during the winter and summer seasons. According to the 

Müller (1969) classification, the sediment ranged from unpolluted to extremely 

contaminated. 



1247 
Ecotoxicology of Heavy Metals in Euphrates River  

 
 

 

-8

-6

-4

-2

0

2

4

6

8

10

12

winter summer winter summer winter summer winter summer winter summer winter summer

S1 S2 S3 S4 S5 S6

Igeo

Pb Cd Cr Cu Zn Ni

 

Fig. 4. Temporal and spatial variation of geoaccumulation index (Igeo) for heavy metals in sediments. 

Potential Ecological Risk Index (RI) 

 Fig. (4) shows that the environment hazard index (Eᵣᵢ) for sediment samples are 

represented in an increasing order with Site 1 (68.9-89.6) < Site 2 (112.9-136) < Site 3 

(150.9-160) < Site 4 (145.3-209) < Site 5 (95.4-322.3) < Site 6 (157.5-306) for winter and 

summer, respectively.  

       The environment risk index (Eᵣᵢ) for Cd was significantly higher than that of other 

metals, reflecting its high toxicity. This indicates a high environmental risk in study area. 

The order of each contribution for elements to the hazard was recorded in the following 

sequence: Cd > Pb > Cu > Ni > Cr > Zn. 
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Fig. 5. Temporal and spatial variation of potential ecological risk index (RI) for heavy metals in 

sediments correlation and source identification. 

Principal Company Analysis vis Cluster Analysis  

       Correlation test results indicated that the positive correlation among all the elements 

under study (Pb, Cd, Cr, Cu, Zn, and Ni) across all the six sites were very high and 

almost uniform, and the same pattern could be found across the whole area under 

examination (Fig. 6). Performing principal component analysis (PCA) on the data matrix, 

it was discovered that PC1 accounts 98.83% of the overall variance, PC2 accounts 

approximately 0.77% and the impact of the other components was absolutely slight. The 

loadings of the components reveal that PC1 has positive and very closely similar loading 

of all the elements (about 0.406-0.410), and hence PC1 is an expression of the sum total 

of the heavy metal loading and not that of a particular element. 

       At the site level, there was a clear gradient of scores in PC1, with negative scores for  

S1 (-3.946), S2 (-1.877) and S3 (-0.397) and positive scores for S4 (0.703), S5 (2.198) 

and S6 (3.317), which at the field level is an indication of a change in sites with low 

metal loads to high metal loads and the reverse. The K-means algorithm yielded a 

consistent cluster of two clusters at k=2, which consists of S1-S3 (low overall level) in 

the first component, and S4-S6 (high overall level) in the second component, when 

applied to the first and second component space. The slight support of this option by 

clustering quality measures was that the Silhouette value at k=2 ≈ 0.435 is slightly less 

than the Silhouette value at k=3 ≈ 0.416, which is that the data in this small sample size 

are better described as two clusters instead of three. 
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Fig. 6. Cluster map of sediment sample for heavy metals at six sites. 

 

Fig. (7) (clustermap after Z-score normalization) illustrates the common clustering 

structure among the samples (stations × seasons) and among the heavy elements in the 

waters of the Euphrates River. After standardization, three main cluster groups of 

samples (Rows; Ward–Euclidean) were identified when the tree was partitioned into 3 

clusters (hclust3), with a clear separation between winter and summer samples. 

Statistically, the distribution of seasons within the clusters was as follows: Cluster 1 

contained all winter samples (n = 6/6 winter), while Cluster 2 contained most of the 

summer samples (n = 5), and a small third cluster (n = 1) appeared, representing a 

summer sample that was relatively outlier compared to the rest of the samples. (This is 

typically reflected in the cluster map as a separate/distant branch in the row tree). 

At the element level (columns), cluster analysis showed that the elements tend to 

cluster into two or three groups: Pb–Cd–Ni–Zn as a closely related group, while Cr 

appears as a relatively independent group, and Cu as a highly distinct element (easily 

separating into a distinct branch when the columns are divided into three groups). When 

comparing the mean Z-scores across sample clusters, the greatest contribution to the 

separation of the clusters was attributed to Cu (range of mean Z-score differences across 

clusters ≈ 3.34), followed by Zn (≈ 2.23), Cd (≈ 1.97), Ni (≈ 1.65), and Pb (≈ 1.29), while 

Cr was practically constant across clusters (≈ 0) according to this data preparation. This 

means that the “signal” driving the clustering in the first figure is primarily the variations 

in Cu, followed by Zn/Cd/Ni/Pb, across stations and seasons. The clusters also exhibited 
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different internal variations. The winter cluster was more internally dispersed (mean 

distance to the center in Z-space ≈ 1.31) compared to the primary summer cluster (≈ 

0.73), suggesting that winter not only differs from summer but may also exhibit greater 

spatial variability across stations within the same season. 

 

 
Fig. 7. Cluster map (Z-scored) for heavy metals in water samples for sites and seasons. 

 

DISCUSSION 

 

    Table (3) shows that the highest mean water temperature was recorded at Site 6, likely 

because the water samples at this site were collected at noon. The findings of pH values 

showed spatial variation during 2025 which were within a narrow range (7.1- 8.1) 

adhering to the permissible limits. The recorded pH values were weak alkaline, as known 

in Iraqi freshwater. The pH kept stable at levels in narrow range owing to the high 

buffering capacity resulting from high content of calcium bicarbonate, as mentioned by 

Al-Asadi and Al-Kafari (2022) and Nashaat and Albahathy (2022). TDS values 

exceed the acceptable levels of the CCME guidelines for protection of aquatic life and the 

highest average of TDS recorded at Site 5 compared with other sites. This might be 

related to the increased influence of artificial activities such as the increased influence of 

agricultural activities and wastewater in and around Hamza City (Potgieter et al., 2018). 

A notable decrease in DO levels at sites 4 and 5 is noted due to the effluents discharges to 
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the river from residential areas and industrial zones (urban land) in the middle of the city; 

these effluents lead to the depletion of DO by aerobic degradation (Mena-Rivera et al., 

2017). The turbidity increases at sites 4, 5 and 6, exceeding the acceptable levels of the 

CCME guidelines for protection of aquatic life, due to decaying vegetation and sediment 

runoff from wastewater originated from the city (Sugiharto et al., 2023). 

          Table (4) reveals the growing concentrations of Pb, Cd, Cr, Cu, Zn and Ni in 

sediments exceeding the CCME (2001) limits of aquatic life protection, indicating that 

these metals are the significant pollutants in the Al-Hamza aquatic system. Pb and Cd 

pollution may be attributed to battery waste (Kassir et al., 2012; Awad, 2023) and 

emissions from compounds and phosphate fertilizers usually consumed on nearby farms 

(Kassir et al, 2012; Glibert, 2022). Cd is often associated with phosphate fertilizers and 

industrial waste, and its persistence and high toxicity pose significant environment and 

health risks, even at low levels (Suciu et al., 2022). Ni and Cr enrichment can be ascribed 

to the natural weathering of the parent rock, as well as the corrosion of metal pipes and 

machinery used in irrigation networks (Egbueri et al., 2025). Mechanical Workshops 

District beside the river as well as spinning and weaving and rubber manufacturing and 

factories located about 8km upstream the study area may be associated with potential 

pollutants sources affecting river water quality. 

        High concentrations of these metals in downstream locations showed cumulative 

pollution due to water flow through residential as well as agricultural areas. Many 

previous studies have reported that canal systems in southern Iraq receiving mixed 

wastewater tend to accumulate metals downstream due to reduced flow velocity and 

sedimentation (Al-Imarah et al., 2024; Todd, 2024). Sediment and water analysis has 

shown that Zn, Cu, and Cr were the most abundant metals. On the other hand, Cd and Pb 

were the most significant pollutants. The accumulation of metals in sediments could be 

explained by adsorption onto fine particles and organic matter which act as sinks for trace 

elements (Gupta et al., 2023).  

              These metals in sediments can be replenished under varying redox conditions, 

posing a long-term environment threat (Ahmed et al., 2022). The Cd concentration in 

this study (2.8 mg/kg) was approximately nine times higher than the average 

concentration in CCME (2001) (0.6 mg/kg). This confirms its enrichment by human's 

activities.  

        Similar result was recorded in the Tigris River and the Shatt al-Arab estuary, where 

Cd levels were found to exceed international guidelines for sediment quality in CCME 

(2002) by AI-Shawi et al. (2022).  

 

 



Al-Safi et al. , 2026 1252 

Spatial Variation of Contamination Indices 

 The calculated contamination indices (pollution index (PI), contamination factor 

(CF), pollution load index (PLI), geoaccumulation index (Igeo) and the environment risk 

index (RI)) shown in Figs. (2, 3, 4 & 5) are represented in an increasing order from 

upstream sites (1, 2 & 3) to downstream sites (4, 5 & 60. 

     The spatial variation revealed that sites 4, 5 & 6 had the highest values which are 

located in Hamza City. This is related to the discharge of waste water and industrial 

effluents thrown directly into the stream, without treatment (Abdou et al., 2025). Similar 

results were recorded by Tepe et al. (2022)  underscoring very high values of 

contamination factor in Turnasuyu stream water within Ordu City, Turkey. Turkey  

related that to the discharge of waste water and industrial effluents directed into the 

stream. Rahmanian and Safari (2022) showed the spatial distribution indicated that the 

distance to the cement factory is not necessarily a factor of influence. CF analyses 

revealed that Pb caused an ‘extremely polluted’ class. The PLI numeric values suggest 

that industrial activities might contribute to spreading HMs in the area. Moreover, the 

findings agree with another study that considered Cd as a major pollutant in Iraqi 

irrigation canals receiving agricultural runoff (Fadhel & Abdulhussein, 2022). 

       The probable environment hazard assessment highlighted Cd as the main contributor 

to total hazard (Eᵣᵢ = 279), followed by Pb (Eᵣᵢ = 10.5). The overall risk index (RI = 367)  

indicates a significant environment threat according to the Håkanson classification. The 

high toxicity response index for Cd reflected high bioaccumulation potential and high 

capability to interrupt functions of enzymes and reproductive in aquatic organisms 

(Salaah et al., 2025). High Cd exposure in sediment can cause oxidative stress, gill 

dysfunction, and reduce growth and fertility in fish and invertebrates (Vinanthi 

Rajalakshmi et al., 2023). Although Zn and Cu are essential trace element, high 

concentrations can be toxic. This includes interference with ion regulation and metabolic 

enzymes. Although Cr and Ni were below the threshold for severe pollution, they remain 

a concern because of their potential mutagenic and carcinogenic effects once converted 

into bioavailable forms (Begum et al., 2022).  

Temporal Variation of Contamination Indices  

        The contamination indices in winter season showed lower values compared with 

summer season. The rainfall and high water discharges in winter play a vital role in 

diluting and diffusing these HMs in the water and sediment of the Euphrates River in the 

study area. These results agree with Hossain et al. (2023), who studied seasonal variation 

contamination and determined an ecological risk assessment of heavy metals in sediments 

of coastal wetlands along the Bay of Bengal. Moreover, Haidery et al. (2025) 
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investigated the seasonal variation of heavy metal concentration in water from hard-rock 

terrain, Ranchi, India. 

Principal Company Analysis vis Cluster Analysis  

In sediments data, the dominance of PC1 (≈99% of the variance), with similar 

loadings for all components, indicates that the system under study is governed by a single 

primary factor that increases or decreases metal concentrations collectively. This pattern 

often corresponds to scenarios such as a common source or multiple sources acting along 

the same spatial gradient, or transport/deposition processes (such as suspended load, fine 

grains, and organic matter) imposing “synchronization” in the deposition of elements 

within the sediments (Khan, 2024; Li, 2025). In other words, if minerals move and 

precipitate with the same grain fraction or under the same geochemical conditions, high 

correlations and a dominant PC1 become an expected result (Su et al., 2023). 

The low contribution of PC2 (0.77%) indicates that differences in “compositional 

composition” among elements across sites are very limited compared to differences in 

total intensity. However, the trends of PC2 in the loadings indicate a secondary 

compositional variation (such as a relative differentiation of Ni versus Zn) that may 

reflect a slight difference in a specific source or in the behavior of a particular element 

(adsorption/desorption/complexation), but its effect is weak compared to the dominant 

factor (Miranda et al., 2022). From an interpretive perspective, this justifies treating the 

sites as lying on a single pollution gradient rather than as “separate multiple pollution 

patterns.” 

From a grouping perspective (Fig. 7), dividing the sites into two groups (S1–S3 

versus S4–S6) does not necessarily imply the existence of a strict “ecological threshold”; 

rather, it is often a numerical simplification of a continuous gradient. However, it can be 

practically applied in the field of environmental management since it determines two 

functional areas: a less-affected and a more-affected one, as it can serve to orient the 

monitoring and source investigation processes. In water data, the near-complete seasonal 

separation of the clusters indicates that seasonal changes in the river system (hydrology 

and water chemistry) leave a stronger imprint than spatial variations alone when we 

examine the “pattern” of heavy elements after removing the influence of units and 

quantities through normalization (Fig. 7). The emergence of a fully distinct winter cluster 

is consistent with common scenarios in rivers where dilution, runoff, resuspension from 

sediments, and seasonal discharge sources change, altering the “fingerprint” of metals 

even if some elements remain within low ranges (Moura et al., 2024). On the other hand, 

the column structure shows that Pb–Cd–Ni–Zn move together relatively, supporting the 

possibility of shared geochemical sources/behavior (e.g., a mixture of anthropogenic 

contributions, discharges, runoff, and sediments) or a similar response to 

adsorption/precipitation processes (Ben Amor et al., 2019). In contrast, the independence 
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of Cu in the tree implies that copper is the most “distinctive” element among the samples: 

that is, it varies in a way that does not follow the other elements to the same degree, 

which may indicate a localized source or greater sensitivity to specific 

chemical/discharge conditions (or even the presence of high values driving it to lead the 

cluster, even after normalization).  

The third small cluster (a single sample) is significant from an interpretive 

standpoint: in hierarchical cluster analysis, the isolation of a single sample often indicates 

that it exhibits an unusual multivariate pattern (an outlier in multivariate space), which 

may be returned to different reasons, like the effect of summer on the water surface 

characteristic (Hammoumi et al., 2024), or it may be associated with a local event or 

activity (Gavrilaș et al., 2025). Statistically, the presence of such an outlier may affect 

subsequent inferences (such as K-means or cluster averages), so it is always advisable to 

report it as a distinct sample and perform a sensitivity analysis when necessary. Finally, 

the stability of Cr across clusters (Z ≈ 0) in this setup suggests that chromium was not a 

distinguishing factor between stations/seasons here, either because its values are indeed 

similar, or because the data structure, precision, or limited range do not allow for 

statistically significant differences to be detected within this sample size. 

CONCLUSION 

 

        This research provides assessment of heavy metal pollution in the Euphrates River at 

Al-Hamza City, Iraq. The results reveals that together surface water and sediments is 

affected by altering levels of heavy metal pollutants. In surface water and sediments, 

metal levels followed the order of Zn > Cu > Ni > Pb > Cr > Cd. The heavy metals 

averages in water had low values. Whereas, the study revealed the growing 

concentrations of Pb, Cd, Cr,Cu,Zn and Ni in sediments exceeded CCME (2001) limits 

of aquatic life protection, indicating that these metals are the significant pollutants in the 

Al-Hamza aquatic system. Pb and Cd were high pollution contributor's may be because of 

Mechanical Workshops District beside the river as well as spinning and weaving and 

rubber manufacturing and factories located about 8 kms upstream the study area may be 

associated with pollutants sources affecting the river water quality. This indicates that the 

area is under significant environmental stress. The calculated indices like PI, CF,PLI, 

Igeo, and the potential RI, collectively indicates medium to high level of pollution. The 

spatial variation revealed that sites 4, 5 & 6 had the highest values which are located in 

Hamza City compared with upstream sites (1, 2 & 3) due to that the waste water and 

industrial effluents are directly discharged into the stream, without prior treatment. The 

calculated contamination indices in winter showed lower values compared with summer. 

The rainfall and high water discharges in winter play a vital role in diluting and diffusing 

these HMs in the water and sediment of the Euphrates River in the study area. 
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