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Abstract

 The current study was conducted to study concentrations of some heavy metals (iron, zinc and 

copper) and some environmental conditions and physiological effects on cage fish and wild fish of common 

carp in Euphrates river for a year from October of 2018 until November of 2019 Three sites were selected: 

first site in Abu Luka, in Musayyib district, near the thermal station for energy production, second site was in 

the district of al-Sadda near the cement plant, and third site was chosen in an area we add it in village of Al-

Husayn. Samples were taken from river sediments for purpose of estimating level of heavy metals, and 

sample was taken from fish blood to check blood components, results showed that concentration of heavy 

metals in sediments was higher in first and second sites than in third site, and finally with the lowest values 

of third site. Results of blood test showed that white blood cells increase in areas that contain a higher 

concentration of heavy metals, and lymphocytes, monocytes and granule cells also increase with high 

concentrations of heavy metals. As for red blood cells, their number decreases with increase in concentration 

of heavy metals, hemoglobin and the mean corpuscular hemoglobin, and mean capsular hemoglobin 

concentration in the red blood cells decreases with increase in concentrations of heavy metals studied, its 

value decreased in both first and second sites, while Hematocrit and Mean corpuscular volume increased 

with rising  in concentration of heavy metals, their value increased in first and second sites compared to third 

site. It should be noted that zinc concentration was among international determinants of World Health 

Organization, Canadian Standards and Environmental Protection Agency, but it is higher than limit of the 

Food and Agriculture Organization for year 2004. The value of copper was higher than international 

determinants of World Health Organization and Food and Agriculture Organization and Canadian 

specifications, but it is within permissible limits. By US Protection Agency, this is first study in region that 

deals with effect of levels of heavy metals in environment on cage fish and their relationship to blood 

parameter.
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1. Introduction 

In the past few decades, aquatic environments are 

being frequently polluted with heavy metals due to 

increased urbanization (Islam et al., 2015; Carolin 

et al., 2017). Some heavy metals are basic, such as 

iron, copper, and zinc. For their important role in 

the vital system, others are not essential, and are 

toxic when they reach the body. Also, base metals 

become toxic when their concentration exceeds 

the permissible limit (Al-Hamali et al., 2014; 

Hadid, 2017). There are several ways to 

accumulate heavy metals in fish through their 

direct absorption from water and food, or contact 

with contaminated sediments (Shesterin et al., 

2010). This can cause hepatotoxicity, 

nephrotoxicity, central nervous system toxicity 

(neurotoxicity) and genotoxicity (Sharma et al., 

2014; Gupta et al., 2015). Fish have proven to be 

useful as a living guardian that can be measured 

from biological responses (biomarkers), as they 

have a response in the form of changes in health 

status, physiological and behavioral characteristics 

by individuals or by the group in response to any 

change in the environment. Responses vary 

according to the proportion and extent of exposure 

to Contaminants and the duration of exposure 

(Gagnon and Hodson, 2012). The association of 

heavy metals with proteins, enzymes and amino 

acids causes a disruption of the functions of the 

various organs of fish (Filipović and Raspor, 

2003).  

Heavy metal ions are highly toxic and cause 

damage to body systems and blood levels in fish 

(Akahori et al., 1999). Increased pollution of the 

water environment with heavy metals, especially 

near industrial areas, early and timely detection is 

required to predict, treat and prevent the 

consequences of such conditions (More and 

Ramamoorthy, 1984). Hematologic parameters are 

an important tool in assessing fish health without 

killing the animal, as there are many ethical issues 

around the use of animals in experiments. Blood is 

a delicate tissue that is affected by environmental 

changes and thus, blood assessment can be used to 

monitor the health status of fish. Erythrocytes, 

leukocytes, platelet thrombocytes, and clotting 

factor may serve as an indicator in toxicity studies. 

Hematological data have been used to assess fish 

health and to test the effect of heavy metals. 

Changes in fish blood indicate more 

morphological and physiological changes that can 

occur because there is a negative change in the 

aqueous environment (Javed and Usmani 2014). 

Blood measurements are considered patho-

physiological indicators. Therefore, they are 

considered as whole body indicators and are 

therefore important in diagnosing the structural 

and functional state of fish exposed to toxic 

substances such as heavy metals and others 

(Adhikari et al., 2004). The current study aims to 

select a polluted area on the Euphrates river in 

Iraq of Babylon, as it is a center for fish farming in 

Iraq, and have many industrial establishments that 

discard their waste, leading to increased levels of 

pollution in the river, harmful effects to fish and 

human. Therefore, this study will indicated the 

concentrations of iron, zinc and copper of the 

Euphrates river sediments, blood parameter for 

wild and cages fish. 

2. Materials and methods 

Description of the Study Area 

 The present study was conducted on 

groups of some floating cages on the Euphrates 

River in Babylon. The first group in Al-Musayyib 

Floating cages in the Abu Luka region, North of 

Babylon and located within the coordinates 

N32 50˚ '22.02"E44 16˚  '17.731"It consists of 40 

floating cages with dimensions 4 × 4 × 2 meters 

for each cage, the distance between the base of the 

cage and the river bed 2 - 3 meters depending on 

the distance or location of the cage from the 

beach. The river is about 110 m wide and 6 m 

deep. The density of agriculture is 78 fish/m
3
, or 

around 2500 fish per cage (Figure - 1). 
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Figure – 1: First site 

Second group in Sadat Al-Hindi 

 Floating cages in the Al-Sadah area, north 

of the city of Babylon and it is located within the 

coordinates N32 44˚ '19.169" E44 16˚ '5.19". It 

consists of 70 floating cages with dimensions 4 × 

4 × 2 meters for each cage, the distance between 

the base of the cage and the riverbed 2 - 3 meters  

 

 

depending on the distance or location of the cage 

from the beach. The river is about 100 m wide and 

6 m deep. The density of agriculture is 75 - 50 

fish/m
3
, or around 2500 - 1500 fish per cage, and 

floating feed is used to feed the fish (Figure - 2). 

 

 

Figure - 2: Second site 

The third group in the village of Al-Husayn 

 Floating cages located in the village of Al-

Husayn, South of the city of Babylon, located 

within the coordinates N32 23˚ '20.767" E44 23˚ '34. 

922”. It consists of 20 floating cages with 

dimensions 3 × 3 × 2 meters for each cage, they 

are floating cages that represent a control station 

because they are located relatively far from the 

sources of industrial pollution and on another 

branch of the river, that they perform all Ministry 

of Agriculture and Environment requirements. The 

depth between the base of the cage and the bottom 

of the river is 3 meters. The width is 65 m and the 

depth is 10 m. The culture density is 44 fish /m
3
 

and the floating feed was used for feeding fish 

(Figure - 3). 
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Figure – 3: Third site 

Sample Collection 

 Water samples were obtained from the 

stations on a monthly basis from the center of the 

river along the Euphrates River between October 

2018 and November 2019 for Sediment samples 

from the sites studied were collected from the area 

next to the cages,. They were placed and kept in a 

refrigerated box until they reached the laboratory, 

then held in the freezer until the measurements 

had been made. 

 Samples of wild fish were obtained using a 

cast net. The caught fish were placed in plastic 

containers of 30 liters, and filled with river water. 

For a period of three hours, they were transported 

under refrigeration to the physiological laboratory 

at the College of Veterinary Medicine, in Al-

Qasim green University, for blood drawing, fish 

that appeared in good health were selected with an 

average weight of 1900-2000 g. Blood was drawn 

from various groups of fish directly from the heart 

or from the tail artery (4 fish per site) by 10 ml 

evacuated tube. Some environmental properties of 

water were field-measured using a multi-meter 

and included water temperature (c), pH, salinity 

(mg/l) and T.D.S. O2 (mg/L) The BOD5 procedure  

described in APHA (2003) was used to 

approximate the bio-requirement for oxygen by 

calculating the (primary) dissolved oxygen in the 

water sample. The samples were incubated for 5 

days at a temperature of 20 °C with dark Winkler 

bottles in a dark place. From the following 

equation, then extract the essential oxygen 

requirement: 

BOD = Amount of Dissolved oxygen (Primary) - 

Amount of final Dissolved oxygen (after 

incubation) 

Trace Metals Extraction  

  After removing the solid parts from them, 

the sediment samples were dried at 80 °C for 48 

hours, milled using a Swiss-made Blender model 

electric mill, and then passed through a 0.4 - 

micro-sieve to get minutes of less than 63 micron. 

The process (ROPME, 1982) was used to remove 

heavy metals from sediments and digest the 

aforementioned fish samples using the digestion 

procedure until a Flame Atomic Absorption 

Spectrophotometer equipped with a cathode lamp 

for each metal, affiliated to the Central 

Laboratory, College of Agriculture, University of 

Basra, Iraq. 

Statistical Analysis 

 The experiment was designed according to 
the complete randomized design (CRD) and the 
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use of the ready statistical analysis system (SAS, 
1996) in analyzing the effect of the parameters on 
the studied traits. The significant differences 
between the averages of the studied traits were 
tested according to the Duncan's multiple range 
test. At a significant level (Duncan, 1955). 

3. Results 

Chemical and Physical Factors 

Temperature  

 Water temperature levels ranged from its 

lowest (12.33 ° C) in site (3) during the winter 

season 2019 to the highest (29.167 ° C) in the 

summer season 2019 at site (1) and as seen in 

table (1).The results of the statistical analysis 

showed there were significant differences between 

the seasons of the study only (p<0.05), No major 

variations in water temperature between sites have 

been observed (p<0.05). 

pH 

 The Table - 1 shows the seasonal changes 

in pH values during the study period, as the lowest 

value was 6,066 at site 2 during the summer 2019 

and the highest value was (8, 23) at site 1 during 

the winter season 2019. The statistical analysis 

showed substantial variations across the seasons of 

study (p < 0.05).  

Salinity 

 The lowest salinity value was reported 

during the summer at site 3 (0.513), while the 

highest value was 0.845 at site 1 during the 2019 

winter. The results of the statistical analysis 

showed that during each fall season there was a 

significant difference between the study sites, 

where the first site was higher than the site 3. The 

first and second sites were greatly superior to the 

third site as for the summer season. It was 

observed in the same way, by the winter season's 

statistical analysis. On the other hand, we note that 

the major seasonal variations have exceeded 

winter over the rest of the year, followed by 

spring, autumn and summer, respectively, and as 

seen in Table – 1. 

 

TDS 

 The value of total dissolved solids ranged 

between (401 mg/liter) as the lowest value during 

the summer season at site 3 and 660 mg/liter) as 

the highest value during winter season at site 1 as 

showed in Table - 1. Statistical analyses showed 

that there were variations between the sample 

groups at a relevant level (p < 0.05). The highest 

values of dissolved solids were observed in the 

winter season, and no significant differences were 

noted within the study sites, followed by spring 

and autumn and then summer, as it seemed that 

the lowest value in all of the above seasons was 

the third site where there was a significant 

difference from the first and second sites; which 

did not show a significant difference between 

them.  

Dissolved oxygen 

 During the study period, the lowest 

concentration of Dissolved oxygen was recorded 

and was 5.6 mg/liter on site 1 during the summer 

season 2019, while the highest concentration was 

8.133 mg/liter on site 3 in January 2019, as shown 

in Table - 1. The statistical study showed that the 

third site in the summer season outperformed the 

first and second sites, which showed no significant 

difference between them at a significant level 

(p<0,05), although it was not observed that there 

was a significant difference between the sites in 

each spring, winter and autumn season. As for the 

significant differences between the seasons, the 

results of the statistical analysis confirm that there 

is a significant difference between them, where the 

winter, followed by spring and autumn, 

respectively, is below the significant level of (p 

<0.05). 

BOD5 

 During the winter season 2019 at site 3, the 

lowest value was registered as 0.8033 mg/liter and 

the highest value as 4.42 mg/l in the summer 

season 2019 at site 1 (Table - 1). The statistical 

analysis showed that there were significant 

differences between the semesters of the study, as 

the summer season was high in the value of BOD 

to the rest of the study seasons, followed by the 
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fall and the spring, which did not indicate a 

significant difference between the first and second 

sites. As for the third site, there have been 

significant differences in all seasons (Significant 

level - p < 0.05). Finally, the winter season came 

in last. As for the study sites, the first site was 

numerically high compared to the second site, and 

there was no significant difference between the 

two sites. 

Table – 1: Seasonal changes in the chemical and physical properties of water in the study sites 

Site 1 (Abu Luka)  

Winter Spring Summer Autumn 

14.667 

c 

20.8 

b 

29.167 

A 

18.867 

b 

Temp 

°C 

0.72± ±1.33 0.60± 0.61± 

8.23 

a 

7.3 

cd 

6.2 

E 

7.1 

d 

pH 

0.26± ±0.17 0.23± ±0.12 

0.845 

a 

0.8096 

bc 

0.540 

F 

0.758 

d 

Salinity ‰  

0.003±  ±0.001 ±0.005 0.011± 

660.167 

A 

632.5 

bc 

427.667 

F 

592.5 

d 

T.D.S mg/l 

±3.03 1.44± ±3.92  ±8.77 

7.7667 

Ab 

6.993 

cd 

5.6 

E 

7 

cd 

O2 mg/l 

0.31± 0.12±  ±0.30 ±0.05 

1.286 

Ef 

2.2667 

c 

4.42 

A 

2.45 

c 

BOD5 

mg/l 

±0.19 ±0.29 0.19± 0.13± 

 
Site 2 (Al-Sadah)  

Winter Spring Summer Autumn 

14.33 

C 

20.133 

b 

27.733 

A 

17.967 

b 

Temp 

°C 

0.40± 1.06± 0.99± ±0.14 

7.96 

Ab 

7.4 

bcd 

6.066 

E 

7.33 

cd 

pH 

±0.12 ±0.15 0.40± ±0.17 

0.832 

A 

0.8098 

bc 

0.537 

F 

0.743 

de 

Salinity ‰ 

0.007± 0.002± ±0.0053 ±0.007 

650 

A 

632.667 

bc 

419.667 

F 

581.167 

ed 

T.D.S mg/l 

5.77± 1.69±  7.28±  ±5.97 

7.803 

Ab 

7.22 

bc 

5.966 

E 

7 

cd 

O2 mg/l 

0.26±  ±0.06 ±0.24 ±0.11 

1.2 

Ef 

2.1667 

c 

4.16 

A 

2.41 

c 

BOD5 

mg/l 

±0.11 0.27±  0.21± 0.15± 
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Site 3 (village of Al-Husayn )  

Winter Spring Summer Autumn 

12.33 

c 

20.467 

b 

28.967 

a 

18.833 

b 

Temp 

°C 

±0.69 1.44± 1.15± 0.16± 

7.8 

abc 

7.3 

cd 

6.1 

e 

7.033 

d 

pH 

±0.05 ±0.15 0.17± ±0.08 

0.826 

Ab 

0.802 

c 

0.513 

G 

0.732 

e 

Salinity ‰  

±0.009 0.005± ±0.0068 ±0.0018 

645.5 

Ab 

627.167 

c 

401.33 

G 

572.167 

e 

T.D.S mg/l 

7.75±  ±3.91 5.36±  ±1.48 

8.133 

A 

7.33 

bc 

6.533 

d 

7.1 

cd 

O2 mg/l 

0.18±  ±0.02 0.08±  0.15± 

0.8033 

f 

1.5433 

de 

3.0967 

B 

1.8833 

cd 

BOD5 

mg/l 

±0.09 0.25±  0.05± ±0.13 

Means with the same letter are not significantly different in same row* 
*± Std Error 

Heavy metals in Sediment  

Zinc 

 The study results showed that the lowest 

value of zinc was 34,204 µg/g in site 3 during the 

autumn season, with the highest value being 

83,307 µg/g in site 2 during the summer season, as 

seen in Table – 2. Statistical analysis revealed that 

there were significant differences between season 

as well as between the study sites (p<0.05). Where 

the zinc recorded lowest value at the third site, 

which, as previously mentioned, contains a 

licensed cage farm. The highest value was at the 

second and first sites, although it was not found 

that there was a significant difference between 

them, although it was noted that there was a small 

variation in numbers between them. As for the 

seasons of the year in which the research was 

done, the results were found the current analysis 

showed an increase in the value of zinc during the 

summer season followed by spring, then winter 

and autumn (Table - 2). By comparing these 

concentrations of the current study for each site 

and for all seasons of the year, we note that the 

first site shows that the zinc value increased in the 

summer and spring and decreased in the winter, 

followed by the autumn season, with a significant 

difference indicated by statistical analysis results 

below a significant level (p<0.05). No significant 

differences between the seasons of the year were 

noticed as for the second site. On the other hand, 

the third site shows there is a significant difference 

in the value of the zinc, where the summer 

exceeded the autumn. As for the winter, the 

difference with the autumn was not important, but 

the spring did not notice a change from the season 

summer and winter for the third site (Table - 2).  

Copper 

 The concentration of copper in the 

sediments ranged between 18.14 - 47.863 µg/g, 

and the lowest value was recorded in autumn at 

site 3, while the highest value was recorded in 

summer season at site 2 (Table - 2). And it was 

observed that there are significant differences 

between the months and between the study sites 

(p<0.05) by Statistical analysis. There was no 

significant difference between summer and spring, 

and the autumn and winter results came 

afterwards, and no significant difference was 

found between them. On the other hand, site 2 

shows an increase in the value of Cu relative to the 

rest of the study sites and it was found that while 

there were no significant differences for the same 
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site during the various seasons of the year, it was 

found that the summer season has outperformed 

numerically the rest of the seasons of the year and 

did not show significant differences between it 

and the rest The seasons of the year are below the 

significant level (p <0.05). The value of copper 

metal differed in the third site, so the autumn was 

at the lowest value, and there was no significant 

difference between the remaining three seasons 

(Table - 2). This was revealed by statistical 

analysis (p <0.05). 

Iron 

 The results of the statistical analysis of the 

iron indicate the dominance of the second site 

during the summer season, where its value was 

342.787 µg/g, followed by the spring season and, 

finally, the winter season and the autumn season, 

which revealed no significant difference between 

them (p < 0.05). It had no significant difference 

from the second site as with the first site, but the 

summer season was at the highest value, followed 

by (spring, winter, and autumn) respectively. The 

third site had the lowest value in the autumn 

season when it reached (241.42) µg/g and 

increased significantly in the winter season where 

it was (254.167) µg/g, and the highest value came 

in the summer and spring, with no significant 

difference between them 269.7 and 262.8 µg/g, 

respectively (p < 0.05) (Table - 2). 

Table – 2: Seasonal changes in the concentrations of heavy metal in sediment for the studied areas (µg/g) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site 1  (Abu Luka) Location  

metal  Winter  Spring  Summer autumn 

72.909 bc 77.78 abc 80.235   a 71.773   c Zn  

1.526± ±1.23 1.67± 2.0± 

35.942 e 39.797 ed  bc 43.84 38.286 de Cu 

1.76± ±1.62 1.755± ±1.24 

294.053 f 314.846 cd 333.533 ab 300.106 ef Fe 

3.71± ±1.7 ±2.245 3.1± 

Site 2 (Al-Sadah) Location  

metal  Winter  Spring  Summer Autumn  

77.462 abc 83.307   a 82.82     a 79.836 ab Zn  

4.07± ±2.0757 3.36± ±1.145 

35.773 cd 45.353 ab 47.863   a 41.217 e Cu 

±1.082 ±1.2 ±1.037 ±1.34 

306.968 def 323.167 bc 342.787 a 309.017 de Fe 

±1.8 2.42± ±2.04 ±1.0985 

Site 3 (Al-Husayn) Location  

metal  Winter  Spring  Summer Autumn 

38.368 ed 37.549 ed 41.69 d 34.204 e Zn  

±1.3987 1.657± 2.07± ±2.1 

18.86 gf 20.818 gf 22.267 f 18.14 g  Cu 

±0.843 ±0.886 0.95± ±1.33 

254.17 h 262.8 gh 269.7 g 241.42 i Fe 

±2.8 11.12± ±2.35 ±6.65 
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Table – 3: The correlation between the concentrations of heavy metal in the study sites and the physical and chemical properties of water 

 

Blood parameter 

WBC 

 

 

The results show value of the first and 

second sites higher than third site, and the 

seasonal results in the first site for cage fish were 

winter> spring>> autumn. There was no 

significant difference between them, and summer 

came with the lowest value, while no significant 

difference was noticed between seasons of the 

year in the wild fish of the first site, as well as 

cage fish in the second site, there was also no 

difference between the seasons of the year, while 

the highest value of white blood cells in the 

second site of wild fish was in the autumn season, 

reaching 131.05 followed by the winter season 

with a value of 127.65 then spring and summer, 

which did not have a significant difference 

between them, and the results showed that the 

lowest value for the number of white blood cells 

was in the third location for cage fish in the 

autumn season, reaching (107.9 × 10 ^ 3l µ), and 

there was no significant difference p <0.05 

between the remaining seasons. The year for the 

same site for cage fish and also for wild fish in the 

third site, there was no significant difference in the 

number of white blood cells and for all seasons of 

the year under a significant level of P<0.05. 

 

Lymphocyte 

 The results of the current study showed 

that there were no significant differences in the 

number of lymphocytes between the averages of 

seasons in first site of cage fish, except in autumn 
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season, which recorded the highest value (92.3). 

However, numerical differences were observed 

between them, as for the first site for wild fish, 

there were no significant differences between the 

seasons of the year, the results of the statistical 

analysis showed that second site of cage fish had 

no significant differences between them except in 

the spring, whose value was 77.8 which was less 

than the rest of the seasons of the year, and for 

wild fish in the second location, there was no 

significant difference between the seasons of the 

year, and in the spring of the third location of cage 

fish the value was (10 × 67.45 µl 3 ^), as well as 

for the wild fish in the third location, its value was 

(10 × 67.9 µl 3 ^) in the spring season. As shown 

in Figure – 5. 

 

 

 

 

Monocyte 
 The Figure (6) shows the superiority of 

wild fish in the winter season in the second site, 

and the highest value was (10 × 23.65.µl 3 ^), 

followed by wild fish in the first site of the same 

season, which had no significant difference from 

the second site. The same and each of the first and 

second sites respectively, while the lowest value 

(10 × 9.85.µl 3 ^) was in the wild fish of the third 

site in the spring season, while for the rest of the  

 

 

seasons of the year in the first location there was 

no significant difference p <0.05 between them 

and the results showed that third site  got the 

lowest values and there was no significant 

difference between wild fish and cage fish for all 

seasons of the year season (9.3) and the highest 

value in the spring semester (17.7), which   a 

significant difference for the winter and autumn 

(25). 
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Granulocyte 

 The results of the current study showed 

that the first site of cage fish was in the winter 

season with the highest value, as it reached 

(41.55), then the autumn with a value of (32.9), 

then spring and summer, which did not have a 

significant difference between them, and the 

results of the first site were For wild fish, the 

winter was with the highest value (32.15) and 

there was no difference between the rest of the 

year and for the same site. As for the cage fish in 

the second site, the highest value was in the winter 

and after winter came   spring, summer and 

autumn, and the results of wild fish in the second 

site were the highest for the winter season by 

(36.1), followed by the autumn  season, then the 

summer and spring season, which did not have a 

significant difference, and for the third site, the 

results were highest for the winter seasons (21.9), 

followed by the summer with a value of (16.75). 

After that, the spring and autumn season, which 

did not have a significant difference between 

them, was the lowest value in the study of the wild 

fish of the third site for the autumn season (9.3) 

and the highest value in the spring semester (17.7), 

which   a significant difference for the winter and 

autumn (7) (Figure – 7). 
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RBC 

 The Figure - 8 shows that the number of 

red blood cells was highest in the spring, when it 

reached (1.61 × 10 ^ 6 µl) for wild fish in the third 

location, and the lowest values were in the spring 

(0.925 × 10 ^ 6 µl) in each of the first site for cage 

fish. There were no significant differences 

between the rest of the seasons of the year in the 

third location for wild fish and cage fish, as well 

as in the first and second sites. They did not have a 

significant difference in all seasons of the year 

regardless of presence of the numerical difference 

below a significant level (P <0.05). Nevertheless, 

it was noticed that third site had the highest values 

for all seasons of the year compared to the first 

and second sites. 

 

HGB 

 The Figure - 9 shows that the highest value 

was (13.6 g / dl) in the third site for wild fish, 

while the lowest value was (6.1 g / dl) for cage 

fish in the second site for the spring season, and 

the results showed that the differences between 

seasons according to the sites were in the first site 

cage fish have the two highest values  in winter 

and summer, which did not have a significant 

difference between them, then spring and autumn, 

which also did not have a significant difference 

between them below a significant level (P <0.05). 

Fish cages and wild fish in the second site, there 

was no significant difference between the seasons 

of the year below a significant level (P <0.05). As 

for the third site, cage fishes did not have a 

significant difference between winter, autumn and 

spring, and it was at the lowest value of the 

summer season (9.6 g / dl). It had no difference 

from autumn (12.75 g / dl), and the wild fish for 

the third site had the highest values for the winter 

and spring seasons with values of (13.6 g / dl) and 

(12.75 g / dl) respectively, after which came the 

autumn and winter season. With values of (10.2 g 

/ dl) and (9.8 g / dl), respectively, which did not 

show a significant difference between them, below 

a significant level (P <0.05). 
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HCT 

 The Figure - 10 shows the significant 

superiority of the autumn season in blood of wild 

fish in the second site, reaching (35.35 %), 

followed by first site for wild fish for the winter 

season (33.75 %). The lowest value (17.65 %) for 

the third site for wild fish in the spring season was 

in pattern of ranking the results: The second site> 

the first site> the third site under a significant 

level (P <0.05). As for the seasons of the year for 

each site separately, the results of the statistical  

 

 

analysis showed that the fish of first site for both 

wild fish and cage fish there was no significant 

difference between the seasons of the year below a 

significant level (P <0.05) and in the second site 

Also, except for the autumn season in wild fish, 

which was significantly higher than the rest of the 

values, as well as for the third site fish, there was 

no difference between the seasons below a 

significant level (P <0.05). 
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MCV 

 The results of the current study showed 

that the highest value was 234.175 for cage fish in 

the first site in the summer and then the second 

site for wild fish in the summer with a value of 

233.01, and the lowest value was in the winter 

(181.54) for wild fish for third site. In general, the 

value of the red blood cells volume. It is high in 

the first and second sites compared to the third 

site, for both wild fish and cage fish. The values of 

the seasons for each site separately are as follows. 

The first location of cage fish was the highest in 

the summer, followed by the autumn season ( 

215), and after them the spring and winter, which 

did not differ significantly between them, results 

of wild fish for the first site In the following order: 

Summer> Spring> Fall> Winter and did not show 

a significant difference between all the seasons of 

the year for the second site in the cage fish except 

the summer season, where the highest value was 

224.085 while the wild fish for the same site was 

the summer season with the highest value 233.01, 

followed by the autumn and spring which were not 

a significant difference between them, and finally 

the winter season with a value of 202.1. As for the 

fish in the cages at the third site, there was no 

difference between all seasons of the year except 

for the autumn, which was a value of 93.695, 

while winter came with the lowest value by 

181.54 (Figure - 11). 
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MCH 

 The Figure - 12 shows the rise of the third 

site compared to each of the first and second sites, 

as well as a clear difference between wild fish and 

cage fish. The highest value (97.65 pg) in wild 

fish for the third site and the lowest value was in 

the autumn , when it reached (54.575pg) fish 

cages in the first site The results of the seasons of 

the year were for each site separately, and as it 

was evident from the statistical analysis, the cage 

fish in the first site did not show a significant 

difference between all seasons of the year except 

in the autumn season, which came with the lowest 

value (54.57 pg), while the wild fish of the same 

site took the following order pattern: Winter> 

Spring> Summer> autumn In the same context, 

the results of the statistical analysis of the second 

site for cage fish showed that there was no 

significant difference between all seasons of the 

year except in the autumn season, which was the 

highest value (74.13 pg.), and there was no 

significant difference between wild fish for the 

second site. The third site was, in the following 

order, Autumn> Spring> Winter> Summer, while 

the wild fish for the third site did not show a 

significant difference between winter and spring , 

autumn and summer which also did not show a 

significant difference between them below a 

significant level (P <0.05). 
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MCHC 

       The results of the current study showed that 

the highest value was (46.32 g/dl) for cage fish in 

the third site for the autumn season. The lowest 

value was for wild fish in the autumn season, as it 
reached (28.965 g/dl) despite the simple 

mathematical differences, but it was not noticed 

that There are significant differences between each 

of the first and second sites, while the third site 

outperformed all the seasons of the study, and it 

was not noticed that there are differences between 
the seasons of the year (P <0.05) (Figure - 13). 
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4. Discussion 
Temperature 

 The results of the statistical analysis 

revealed that there were significant differences 

between the study seasons (p <0.05) only, and no 

significant differences were noticed between the 

sites with respect to the water temperature (p 

<0.05). These results are in agreement with many 

studies conducted on the Euphrates River in 

central of Iraq, including (Al-Ammari, 2011; Al-

Khalidi, 2014; Al-Jubouri, 2019). In the current 

study, and through statistical analyzes, it was 

found that there is a direct relationship between 

temperature and heavy metal, as shown in Table - 

1. The reason for this may be that the temp has an 

important effect on the chemical reactions of the 

aquatic environment because it has the ability to 

directly affect on metabolic activities of organisms 

and that this was consistent with several studies on 

the Euphrates River in the city of Babylon, 

including Al-Sultani (2011) and Khudairi (2014), 

where they also indicated that there is a direct 

correlation between temperature and the 

concentration of heavy metal. 

pH 

 The reason for the differences in the pH 

value during the seasons of the year may be due to 

the abundance of aquatic plants and 

phytoplankton, which leads to an increase in the 

effectiveness of photosynthesis and then leads to 

the consumption of carbon dioxide in the water 

and raises the pH values and this has been 

confirmed by several studies. Local ones (Al-

Lami et al., 2001; Abowei, 2010; Khudairi, 

2014). Or perhaps the cause of this dilution in the 

water as a result of increased precipitation and 

washing the soils adjacent to the river (Al-

Mousawi et al., 1994). The reason for the decrease 

in the pH during the summer may be due to the 

high temperature that leads to an increase in the 

decomposition of organic compounds, plants, 

phytoplankton and bodies of dead organisms by 

microorganisms, which causes an increase in the 

decrease in the amount of dissolved oxygen and an 

increase in the vital oxygen requirement in the 

water. By these analyzed organisms and an 

increase in the excretion of carbon dioxide, thus 

leading to a decrease in the pH values (Ayenimo 

et al., 2005). The results of the current study 

showed that the pH value ranged between 6.66 - 

8.23 throughout the study period in all locations 

The water of the Euphrates River tends to be light 

alkaline, and the narrow ranges of pH values are 

due to the Euphrates having a buffer capacity that 

resists changes in pH values and this has been 

confirmed by several studies, including (Salman, 

2011). The results of the current study showed 

correlation between the concentrations of heavy 

metal and pH. This may be due to the fact that the 

solubility of heavy metal in the water is affected 

by the pH as the decrease in the pH value leads to 

an increase in the competition between the heavy 

meal ions and the hydrogen ion for the link with 

the active sites and the lower pH. It increases the 

solubility of heavy metals in the water column 

(Phillips and Russo, 1978) 

Salinity  

 In the current study, the water of the river 

(Euphrates) was classified as oligohaline, as its 

rates ranged between 0.513 - 0.845, and this is 

what was indicated by Nghemish et al. (2008) in a 

study conducted to determine some of the physical 

and chemical properties of the Euphrates River in 

the city of Nasiriyah. The effect of salinity on 

water bodies by dividing them into salty, non-

salty, medium and highly saline water and fresh 

water and it has been proven that salinity has a 

significant effect in reducing the values of 

dissolved oxygen, as the osmotic pressure has a 

physiological effect on aquatic organisms, 

especially fish, and the salinity values increase in 

The areas close to the agricultural lands due to the 

amount of salts coming along with the water flows 

from the irrigation lands into the river, which 

leads to major changes in their values (Pota Pova 

and Charless, 2003). It was observed from the 

results that salinity values increased as we went 

south towards the second site, due to the large 

flows of industrial and agricultural wastes to the 

river. The results of the current study showed an 

increase in salinity values during the fall and 

winter seasons, and this may be due to the increase 
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in the entry of dissolved ions by washing soil with 

rainwater into the river. These results are in 

agreement with several local studies on the 

Euphrates, including (Al-Lami et al., 2001; 

Alyasari, 2012) or perhaps the high salinity values 

are attributed to the mixing processes and the rise 

of materials from the deep layers to the surface 

layers. This is what was indicated by (Al-Fatlawi, 

2005) in a study he conducted on the Euphrates 

River. Water too. In addition to that, the solubility 

of heavy metal in the water increases as the 

salinity values decrease (Phillips and Russo, 1978) 

and this is confirmed by the correlation between 

the concentrations of heavy metals with salinity. 

Total Dissolved Solid (TDS) 

 The high values of total dissolved solid in 

the winter season are attributed to the rains when 

they fall, especially in densely populated cities and 

industrial areas. In a study he carried out on the 

Shatt al-Babylon, where he mentioned that 

dissolved solids are directly proportional to the 

temperature, and in the same context he mentioned 

(Al-Saadi, 2013) in an environmental study he 

conducted on the Euphrates River explained the 

reason of dissolved solids increase when the 

amount of water in the stream increases Due to the 

increase in contact with rocks, he mentioned that 

there is a relationship between salinity and the 

concentration of dissolved solids, as the higher 

values of the dissolved solids recorded correspond 

to the higher values of salinity. 

Dissolved oxygen 

 The reason for the high values of dissolved 

oxygen in the winter is due to the decrease in 

temperature, which leads to an increase in the 

solubility of oxygen, and this is confirmed by the 

correlation between oxygen and temperature, 

while the decrease in the concentration of 

dissolved oxygen in the summer may be attributed 

to the high temperature and the lack of operation 

Photosynthesis in addition to the river’s effect on 

the excreta of the river and that the process of its 

decomposition requires the consumption of 

dissolved oxygen. This is confirmed by the 

correlation between oxygen and the vital oxygen 

requirement. The results of the study agreed with 

the results obtained by Al-Hilli (2019) in a study 

he conducted on the Euphrates River. At the city 

of Samawah to study the structures of the fish 

community and some environmental and health 

influences. On the other hand, the lowest value of 

dissolved oxygen in his study was in the spring , 

while in the current study it was in the summer . 

The reason for the difference may be due to the 

different sampling sites and collection time 

BOD5 

 It was noted from the results of the 

statistical analysis that the values of the BOD5 

increased during the hot months, so the value was 

highest in the summer, reaching (4.4), and this 

was confirmed by the correlation between heavy 

metal and the BOD5, as shown in Table - 1 and the 

water temperature, while The values decreased 

during the cold months, and the lowest value was 

(0.83) due to the decrease in temperature, the 

increase in the concentration of dissolved oxygen 

and the lack of activity of the micro-organisms 

analyzed in the decomposition of organic 

materials. These results were in agreement with 

(Al-Rubaie, 2011) in a study he conducted on the 

Diyala River to study the effect of organic 

pollution. On some types of fish and some bottom 

crustaceans, the values of the BOD in the 

Euphrates water did not exceed the limits 

permitted by the international determinants of 3 - 

6 mg/liter, due to the ability of the Euphrates 

water to self-purify and the great dilution of 

pollutants due to the large cross-sectional area and 

continuous good aeration (Al-Sultani, 2011; 

Khudairi, 2014). 

Heavy metals 

Heavy metals in sediment 

 It was observed during the results of the 

statistical analysis of the study that the first and 

second stations recorded the highest level of the 

concentration of heavy metals studied and 

appeared in the following order: Iron> zinc> 

Copper because these The stations are located near 

the thermal power plant and the concrete factory is 

exposed to human and industrial pollutants and the 
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movement of boats used for fishing, which add a 

high percentage of pollutants to the rivers. This 

percentage was in agreement with (Al-Dehaimi, 

2010), where it indicated that the main reason for 

the pollution of the Euphrates River water with 

heavy metal is due to industrial sources ' disposal 

of waste without treatment. The results of the 

statistical analysis indicated that third station was 

the least with the values of the concentration of 

heavy metals studied and the reason may be due to 

That is to its distance from the sources of pollution 

and factory waste. In the same context, Al-Lahibi 

and Al-Jabbar (2016) and Al-Khafaji et al. (2011) 

found in a study he conducted on the Euphrates 

River in the city of Nasiriyah to estimate the 

heavy metal in sediments and common carp, the 

high concentration of heavy metal in sediments 

compared to the tissues of the studied fish. 

Regulating the absorption and consumption of 

heavy metal and indicating that high concentration 

of iron and zinc in fish tissues is due to the high 

concentration of these minerals in the sediments. 

These results are in agreement with international 

studies, including (Ben Salem et al., 2014), which 

indicated that the concentrations of heavy metals 

in sediments are higher than those measured in 

water and fish samples. The reason for this is that 

the sediments act as a sink for heavy metal metals, 

or the reason may be due to the tendency of most 

suspended particles to bind with minerals, forming 

complexes containing more complex particles and 

then being deposited in the sediments and 

gradually accumulating and this is confirmed by 

(Al- Khafaji et al., 2011), where it was mentioned 

that sediments are the final basin for many 

plankton in the water column, including heavy 

metals whose final fate is sediments, so they are 

naturally present if their source is from nature or 

by human activities industrial and agricultural 

waste and sewage. 

 The results in the current study also 

revealed a seasonal difference in the concentration 

of heavy metals in sediments in the Euphrates 

River in the study area over the course of a year, 

where the highest concentration of heavy metals 

studied was more in the summer and spring 

seasons than in the winter and autumn. The 

seasonal fluctuations of heavy metals in the 

ecosystem are affected by some of the physical 

characteristics of the water such as temperature 

and salinity as well as the chemical properties of 

the water including pH and dissolved oxygen 

levels (Wong et al., 2001) 

 Several international studies also 

confirmed this reasoning, where Rajeshkumar et 

al. (2018) stated when noticing the high 

concentration of heavy metals in summer 

compared to winter, this could be due to increased 

water evaporation and less precipitation, which led 

to an increase in the concentration of heavy 

metals, and in the same context, an illness ( 

Duman and Kar, 2012). The reason for this is that 

the heavy metal concentration is lower in winter 

and autumn compared to spring and summer due 

to increased monsoon precipitation, which may 

lead to dilution of heavy metals throughout the 

rainy seasons. These results are consistent with 

what he found (Khudairi, 2014) attributed the 

reason to the decomposition of organic matter by 

microorganisms. This leads to the consumption of 

dissolved oxygen and an increase in carbon 

dioxide, which leads to a decrease in the pH value 

and thus to an increase in the solubility of heavy 

metals in the column water. 

Effect of Heavy metals on Blood parameters 

 The results obtained in this study describe 

the interactions between environmental pollutants 

and the physiological state of freshwater fish 

during different seasons of the year. Different 

heavy metals in polluted environments may have 

different effects on living organisms. Therefore, it 

is necessary to monitor and test such associations 

between them. There are very few blood studies in 

aquatic animals (Gopal et al., 1997; Brumbaugh et 

al., 2005). In this study, it was noted from the 

results there is a increase in white blood cells 

count in first and second sites exposed to a high 

concentration of heavy metals (iron, zinc and 

copper).  

 Perhaps the reason of that the heavy metals 

stimulate the immune system, resulting in an 
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increase in the number of white blood cells to 

protect the fish from Damage resulting from 

shattering gill tissue (Buthelezi et al., 2000). On 

the other hand, according to Witeska (2005), the 

decrease in the number of leukocytes after acute 

exposure to heavy metals is a non-specific stress 

reaction resulting from the stimulation caused by 

the mineral to kidney chromaffin cells and the 

secretion of cortisol, and this is the toxic effect of 

heavy metals. The reason for this difference may 

be due to the fact that fish in current study were 

under constant influence of heavy metal 

concentrations, leading to chronic exposure. While 

he agreed with the current study in the occurrence 

of an increase in the number of neutrophils upon 

exposure to zinc, and the reason was attributed to 

the hormone cortisol because this hormone 

prevents the migration of neutrophils.  

 The results of the statistical analysis 

showed a decrease in the number of red blood 

cells in the blood in the first and second sites, 

which contain higher concentrations of the heavy 

metals studied compared to the third site, and the 

reason for this may be due to toxic effect of heavy 

metals in the blood by reducing the antioxidant 

enzymes, which in turn stimulate the free radical 

including lipid peroxidation in fish (Vinodhini and 

Narayanan, 2009). The results of the current study 

showed a decrease in the hemoglobin value in the 

blood of fish in first and second sites exposed to a 

high concentration of heavy metals compared to 

third site, and this may be due to the fact that 

heavy metals change the properties of hemoglobin 

by reducing its ability to bind to oxygen, which 

makes the red blood cells more fragile and 

permeability, which in turn leads to deformation 

and damage to cells (Witeska and Kościuk, 2003; 

Vinodhini and Narayanan, 2009), or the reason for 

this may be due to the presence of an association 

between high iron levels and hemoglobin value, 

which directly affects red blood cells, when 

exposure to iron is for a long period. The results of 

the current study showed an increase in packed 

cell volume and Mean corpuscular volume in both 

the first and second sites compared to the third 

site. The reason for this is often due to swelling of 

red blood cells caused by stress due to Osmotic 

imbalance, which leads to a change in the pH 

value of the blood plasma, which tends to be more 

acidic, while the red blood cell cytokine plasma 

remains basic. This enhances the transport of Na + 

and K + into red blood cells, and uptake of water. 

(Nikinmaa and Huestis, 1984; Witeska, 2005), 

according to (Vosyliene, 1996), an increase 

packed cell volume in fish exposed to the mineral 

is an alarm reaction, and subsequent deficiency 

indicates adaptation, no increase in RBC value 

indicates accelerated cell destruction.  

 According to the results of the statistical 

analysis of the current study, it was found that 

Mean corpuscular hemoglobin (Mch) was in the 

third site, which is less concentrated in heavy 

metals, higher than both first and second sites. As 

mentioned previously, since (mch) represents the 

average weight of hemoglobin inside red blood 

cells relative to the total size of the red blood cell, 

so it decreases with cell swelling. The results of 

the current study indicated that Mean Corpuscular 

Hemoglobin Concentration (MCHC) was high in 

third site compared to first and second sites of the 

study, and this may be due to a deficiency in 

Hemoglobin (Bujjamma and Padmavathi, 2018) 

and Vosylienė (1999) also mentioned that 

quantitative erythrocyte measurements are 

somewhat stable and insensitive to environmental 

factors, due to the large compensatory capacities 

of the fish organism, This was in agreement with 

the current study. There was no significant 

difference between the seasons of year (Vinodhini 

and Narayanan, 2009) proved that the decrease 

and increase in hematological indicators is due to 

the toxic effect of heavy metals that affect both 

metabolic and hematopoietic activities of the 

common carp, Cyprinus carpio L. Our results are 

supported by previous research work that many 

heavy metals and toxins entering the aquatic 

system have a specific toxic effect on the blood 
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and tissues of fish (Mousa and Khattab, 2003; 

Vosylienė and Kazlauskienė, 2004) 
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