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ARTICLE INFO ABSTRACT

Avrticle History: The present study was conducted to assess the water quality and
Received: Jan.22, 2021 bioaccumulation of heavy metals (Cd, Cu, Pb, and Zn) in tissues of the tilapia
Accepted: April 11,2021 fish (Oreochromis niloticus) and shrimp (Metapenaeus affinis), which were
Online:April 30, 2021 caught from Shatt al-Arab river near Al- Najibiya power plant in Basrah, Iraq
during Mar 2018 — Feb 2019. Aquatic samples consisted of raw water from the

river, drainage channel water, and demi water from the inside electric power
plant. 10 parameters including the electrical conductivity, total dissolved solids,
total suspended solids, the concentration of hydrogen ions, calcium,
magnesium, chloride, sulphate, phosphate, and temperature were examined. The
results designated that a deterioration in the water quality of Shatt al-Arab was
observed during the hot months, especially in the summer season of 2018. The
conductivity rates were higher than the permissible limits compared to demi
industrial water. Occurrence of heavy element concentrations of Cd, and Pb
were in slightly higher average level in water samples collected from river raw
water (0.62 and 0.14 mg/l) and drainage chanal water (0.17 and 0.15 mg/l)
respectively. The concentration average of the heavy metals in the investigated
parts (muscle, gill, and liver) of the studied fish could be found with significant
variation among examined tissues. The current study concluded that the metal
concentrations in muscles of the tilapia fish and the edible parts from studied
shrimps were within the limits permitted for human consumption.
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Shatt al-Arab

Shatt al-Arab is one of the most important inland rivers in Iraq, possessing a strategic
geographical location in terms of the economic, political and military aspects as well as a
source of drinking fresh water and fishing. Shatt al-Arab is an important water resource
for Basra governorate, on which agricultural and industrial activities depend. Shatt al-
Arab water quality is mainly affected by the quality of the water resource from the Tigris
and Euphrates rivers (Abbas & Hassan, 2018; Chabuk et al., 2020). The water quality
and other river characteristics won the concern of many previous researchers. Since the
study of water characteristics would allow to forecast the future quality, it has been
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widely surveyed being associated with different water uses. Recent researches focused on
water resources distribution to maintain its quality and sustainability to preserve
ecosystems, especially in river located at the lower reaches of the river basins such as
Shatt al-Arab river (Al- Mahmood, 2009; Gatea, 2018; Al- Asadi et al., 2020). Shatt al-
Arab River is an open environment and its water is affected by the discharges of the
rivers and marshes in addition to the marine waters coming from the Arabian Gulf (Al-
Taei, 2014). It is noteworthy that, Shatt al-Arab is currently suffering from various
activities such as the movement of boats and the leakage of industrial, agricultural and
household waste that caused an increase in water pollution of this river (Al- Asadi et al.,
2019).

Furtermore, pollutants that reach the aquatic environment are numerous and varied,
including organic compounds such as hydrocarbons, and inorganic such as heavy metals.
Pollutan has reached the aquatic environment through natural and artificial sources
including all human activities (Singh et al., 2020). Remarkably, among the essential
heavy metals for human body are: calcium (Ca), ferrous (Fe), cobalt (Co), sodium (Na)
potassium (K), copper (Cu), magnesium (Mg), molybdenum (Mo), manganese (Mn), and
zinc (Zn) (Prasad, 2008; Couture & Pyle, 2011; Marschner, 2012). Yet, any increase
or decrease below certain concentrations would cause physiological damage in organs of
organisms (Al-Asgah et al., 2015). Moreover, non-essential elements such as cadmium,
if present, may cause both environmental and physiological damage that may lead to the
death of the organism. Furthermore, heavy metals are primarily toxic to all organisms
because of the similarity of its binding sites in cells as well as their reaction with and
inhibition of sulfhydryl SH groups in the amino acid (Cysteine) of enzyme systems, like
those involved in cellular energy production (Rana, 2006).

Toxic water pollutants cannot easily biodegrade, and thus cause major and serious
health problems in industrial countries. Exposure cases are similar to diseases in terms of
dividing them into acute and chronic types. Acute exposures are those that occur when
exposed to high concentrations of toxic materials over short periods of time (Aldoghachi
et al., 2016). Chronic exposures, which are more widespread in the general population,
include exposure to low concentrations over long periods (Tana et al., 2020). Hence, fish
can be used as a good biological indicator for pollution studies due to its responce to
environmental changes, in addition to the easiness to obtain fish in large quantities and
ideal sizes for analysis and long lifespan, beside their ability to accumulate minerals
(Osorio et al., 2014). Particularly, the tilapia fish that belongs to the family of Ciclidae,
known for its high tolerance and rapid growth (WWF, 2011). Therefore, the tilapian fish,
Oreochromis niloticus, was selected in this study due to its availability for a long period
in Shatt al-Arab river, tolerance of salinity variations in addition to its economic
importance (AlKatrani et al., 2018). Metapenaeus affinis shrimp was also selected for
spending part of its life for nursery in Shatt al-Arab and the marshes of southern Iraq for a
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period extended from May/June to January/February (Salman et al., 1990). Generally,
this kind of shrimp has an economic importance too.

In the light of the growing crisis in water scarcity and the deterioration of its quality
on a global and national levels, it is necessary to know the reason for the expected change
in the water characteristics. Generally, urban areas near factories, especially electric
power plants, are liable to be exposed to various pollutants. Therefore, the main aim of
the current study was to assess the quality of Shatt al-Arab water, drainage channel and
industrial water inside the power station using the parameters of: the pH, conductivity,
total dissolved solid (TDS), total suspended solids (TSS), calcium (Ca), magnesium
(Mg), aluminum (Al), chloride (CI), sulfate (S047%), phosphate PO47, ferrous (Fe) and
water temperature to determine the water suitability for various purposes. Moreover, the
research was purposed to evaluate the heavy metals in the river water, tilapia fish; O.
niloticus, and shrimp; M. affinis, which occur in this area in order to know the indicators
of environmental pollution in Shatt al-Arab area near Al-Najibiya power station.

MATERIALS AND METHODS

1. Study area

Shatt al-Arab river near Najibiya power station/ Basrah was selected to be the study
area. It is situated at 30.576189 N 47.764725 E (Fig. 1). This area was chosen due to its
important location in the activity of electric power production (General Company of
Electrical Energy /South Region, 2019), as well as its affected area by the thrown
industrial wastes of the aforementioned factory in Shatt al-Arab river.

Sampling started from Mar 2018 to Feb 2019. Aquatic samples were raw water
from river (RW), Drainage chanal water (ChW) and demi water (DW) inside an electric
station. A group of tilapia fish; O. niloticus, with a total length mean of 15 +1 cm, and
samples of the shrimp; M. affinis, were collected during in this period.

2. Water Physicochemical Parameters

Water samples were brought to the laboratory of marine science center and
immediately filtered using Whitman 541 filter paper. Nitric acid was used to acidify the
filtered samples, then they were stored at (4 ° C) before analysis. The investigated
parameters included Ca, Mg, Cl, Fe, SO4, TSS and PO4 which were measured by using
standard procedures methods (APHA 1998). Temperature (°C), concentration of
hydrogen ions (pH), electrical conductivity (mScm-1) and total dissolved solids (TDS)
were recorded by using multimedia water checker (YASI) model 556 MPS.
To indicate the nature and sources of hazardous elements, heavy metals of the total
copper (Cu), zinc (Zn), cadmium (Cd) and lead (Pb) in water samples were measured
after digestion process (Islam et al., 2015).The atomic absorption spectrometer type,
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Shimadzu 1800 PC, (Japan) was used to estimate the targeted heavy metals. In addition,
the standard curve method was used to calculate metal concentrations.
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Fig. 1. Sampling sites of water, tilapia fish; Oreochromis niloticus, and shrimp;
Metapenaeus affinis, in Shatt al-Arab river near Al-Najibiya electric power plant.

2.3. Fish and shrimp samples preparation and analysis

After defreezing fish, they were dissected with stainless steel knives then liver,
gills and muscle tissues were collected for heavy metal bioaccumulation tests. Shrimp
shells were removed and the whole soft tissue was analyzed. The samples were
homogenized and weighed in a dry powdered form which were 1g for gill, muscle and
shrimp samples but the dry form weight for liver was 0.1g. The processes were conducted
in three replicates and then digested later by using a mixture of a high-purity (65%) nitric
acid and hydrogen peroxide (35%) with a ratio of 3: 1 (Durali et al., 2010). Blanks were
simultaneously used in each batch of analysis to authenticate the analytical quality. The
analysis were conducted by using the atomic absorption spectrometer type, Shimadzu
1800 PC, (Japan). The assessment of the concentrations included four metals: copper
(Cu), zinc (Zn), cadmium (Cd) and lead (Pb). The standard solutions of the elements
supplied by Merck Company were used for calibration after dilution of stock. The results
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were calculated in milligram per kilogram (mg/kg) dry weight. All glassware and plastics
were soaked in 10% dilute nitric acid overnight, then rinsed with distilled water and
deionized water, and dried before use in the analysis processes (Csuros & Csuros,

2002).

RESULTS AND DISCUSSION

The mean of water quality parameters was measured from three water sources in
this study for four seasons as shown in Figure (2) and Table (1). Results showed that
conductivity values were higher than the permissible limits comparing to those of the
Demi industrial water (11728.04, 11645.25 and 182.96 mg/l) for raw, chanel and demi
water (Figure 2), especially in autumn, recording a value of 18586 mg/l in raw river
water. This was due to the decrease of water discharge of the Tigris and Euphrates rivers,
in addition to salt wedge of the Arabian Gulf during that period. The recorded values of
TDS were 8702.13 and 8487.13 mg/I for raw and chanal water, respectively. Values were
above the permissible limit of human and industrial uses. According to CCME (2008) the
permissible limit (conductivity, TDS, and TSS) for drinking water is 1000, 500.00, --, and
for industrial water uses, the permissible limit is <7000, <5000, <5000, respectively.
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Fig. 2. Conductivity (uS/cm), total dissolved solids (mg/l), and total suspended solids
(mg/l) of Shatt al-Arab river, drainage channel and demi water from Al-Najibiya
electric power plant during the four seasons of Mar 2018 — Feb 2019.

The discharge of Shatt al-Arab river that varied between 243 and 273.0 m3 / sec as
well as the conditions of the tide and the low levels of water resulted in an increase in the
concentration of salinity and total dissolved substances (TDS) (Al- Mahmood, 2009).
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Consequently, the water quality would decline, and the low level of water in Shatt al-
Arab would affect its validity for various uses, especially during summer where water
discharge reaches its minimum, beside the tidal status, the water salinity and the TDS that
would increase comparing to previous years. The variation of water quality of Shatt al-
Arab river prejudiced by the marine salt wedge from Arabian Gulf and the chemical ions
inflow from the Tigris river.

The data of this study indicated that TSS value were higher than the permissible
levels for drinking or industrial uses. Their prevalence in power plant mean values were
2910 and 2259 mg/l for raw and chanal water, respectively while the produced demi
water was within the permissible limit (21.88 mg/l). Total suspended solids (TSS)
recorded high value (5653.33 mg/l) in autumn which was not suitable for industrial or
drinking uses (Figure 2). Unusual high TSS concentrations results have negative effects
on fish physiology and behaviour and trans generational implications (Kjelland et al.,
2015). Moreover, it might have respiratory impacts via thickening gill lamellae if its
concentrations reached 100-500 mg/l for a duration of 21 days (Cavanagh et al., 2014)

The current results showed that the pH was constant in all sample sources and all
values were in alkaline (6.5-7.9) (Table 1). However, the pH in water from all different
sources (raw, drainage and demi water) were within the acceptable levels. The aquatic
life thrives in aquatic habitats in which the pH is near a narrow or a critical range.
Furthermore, at lower pH values, metals tend to be more toxic because they are more
soluble (Mota et al., 2018). The present findings showed that the values of water
temperature ranged from 20.5 - 30.3 °C, and the average value was within permissible
levels.

A deterioration in the water quality of Shatt al-Arab was observed during the hot
months, especially in the summer season, this decrease can be attributed to the major
deficiency of water supplies from the Tigris and Euphrates rivers, higher evaporation
rates, as well as the increase in water consumption via summer crops which were planted
in lands close to water saving sources.

Many studies indicated that the water quality of Shatt al-Arab river tended to be
moderate or poor leveled (Abbas & Hassan, 2018). They assessed that water quality of
Euphrates river ranged between poor to marginal, and recorded a range of TDS (679-
1109 mg/l) and PO, (0.71-1.81mg/l). The variation in the values throughout the study
period (Sep. 2015- June 2016) followed the seasonal cycle as they attributed that
variation to the arid climate of that region.
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Table 1. Physical and chemical parameters of water samples collected from Shatt al-Arab
river, drainage channel and demi water from Al-Najibiya electric power plant during the
four seasons of Mar 2018 — Feb 20109.

WATER SEASON  PH CA MG cL S0, PO, TEMP.
SOURCE (MG/L) (MG/L) (MG/L) (MG/L) (MG/L)  °C
RAW Spring 786  613.00 573.00 122500 821.00 344  22.60
m\XER Summer 820 62250 1772.50 4861.00 1173.00 415  29.98
Autumn 760 1426.67 272667 5796.67 1243.67 310  25.02
Winter 735 70150 1178.00 1756.50 1665.00 135 2195
Mean 775 84092 1562.54 3409.79 1225.67 301 2489
DRAINAGE | Spring 788  615.00 577.00 1236.00  821.00 344 2050
CHANAL | g mmer 798  490.00 1022.50 4099.00 1079.25 378 29.93
WATER
(CHW) Autumn 757 113833 2410.00 5260.00 1174.83 237 2513
Winter 752 1096.67 50533 2367.67 1227.67 170 2067
Mean 774 83500 1128.71 3240.67 1075.69 282  24.06
DEMI Spring 6.45 0.00 000 2000  10.00 080 23.60
ngv\vT) ER Summer 6.70 0.00 000 5000  33.25 1.98 3035
Autumn 6.30 0.00 000 4883 3950 178 2527
Winter 6.45 0.00 000 2000  11.00 085 21.50
Mean 6.48 0.00 000 3471  23.44 135 25.18
Permissible  6.5- 50 005  250.00 200 0.06
limit for 8.5
drinking
water*
Permissible 6.5- <200 <0.01 <600 <680 = over
limit for 8.5 5°C
industrial
water*

*Canadian environmental quality guidelines.

The recorded values of Ca and PO, concentrations (840 and 3.1 mg/l) in raw water
of river respectively (Table, 1) were higher than the permissible concentration levels. The
source of these elements is mainly related to the industrial raw materials and the
agricultural drainage waters (Grela et al., 2020). Liquid wastes from thermal power
plants were rich in phosphates due to the use of tri sodium phosphate in boiler's feeding
water as an anti-scaling agent where it reacts with dissolved solids to form materials that
can be detached by blowing (Gill et al., 1998). The highest concentrations of magnesium
(1562 and 1128 mg/l) were in raw and chanal water respectively, which was attributed to
its occurrence in matters of special industrial emulsification breakers, and coming from
the river water of Shatt al-Arab.
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Furthermore, sulphate average values were 1225.67 and 1075.69 mg/I for raw and
chanal water, respectively, their values exceeded the standard values of CCME (2008)
for drinking and industrial uses compared to the data of demi water sulphate which was
within permissible level (Table 1). Markedly, high sulphate concentrations is known to
have a salty and bitter taste and may have negatively effects on some individuals at high
levels (Lopiz et al., 2017). On the other hand, an observation by Geurts et al. (2009)
reported that SO4 pollution and associated sulphide products greatly reduced biomass
production and colonization, additions of SO4 concentrations increased alkaline and
sulfide concentrations resulting in hydrolysis and increased eutrophication.

Mean recorded values of chloride (3409.79 and 3240.67 mg/l) for raw and chanal
water correspondingly were higher than the permissible standard limit for both drinking
and industrial uses (Table 1). It is worthy to consider that chloride ions causes
environmental harm, especially to organisms living in water. Moreover, high chloride
concentrations are toxic, carcinogenic, classified as mutagenic contaminants and can
cause disorders of the endocrine glands (Granato et al., 2015). Findings showed that, the
produced demi water value (34.71 mg/l) was within the permissible limits. Most of the
chloride ions sources in the raw waters of the river were due to the salt wedge coming
from the Arabian Gulf waters during the autumn season 2018, which contained a high
quantity of Cl element (Lateef et al., 2020).

Al-Saadi et al. (2020) studied those parameters in Shatt al-Arab river during the
period 2017 to 2018, and found that the minimum value of salinity was 916 while the
highest value was 42844 mg/I. The cations in surface water represented by Ca** and Mg?*
ranged from 78- 780 mg/l and 51-1054 mg/I, respectively, while PO4 was 0.22-0.97mg/I,
sulphate was 140-1600 mg/l and CI" was 225-22325mg/l. In general, the statistical
analyses (one way ANOVA) of water quality in raw and chanal water varies among the
four seasons, and have significant differences (p< 0.05) between sampling seasons.

It was observed through the current study that, Shatt al-Arab river suffers from a
deterioration in water quality, and this agrees with the results of Gatea (2018) about Shatt
al-Arab river which showed that water quality was not suitable for drinking and could be
used for agricultural purposes. In his study, the parameters recorded high values in
stations to the south of Shatt al-Arab river compared to the permissible limits in which
Ca, Mg, SO4, and TDS were 560, 1763, 1300, and 4727.33 mg/l, respectively. The
present results also coincide with the findings of the study of Ibrahim (2013) on Al-
Doura thermal power station, Baghdad, Iraq, staating that wastewater parameters (pH,
TSS, SO4, Cl and Temp.) were recorded with relatively high concentrations compared to
raw water. It ranged at a lower and a higher value (7.3-8.3, 43-160, 210-450, 78- 134
mg/l and 19-40°C ), respectively in winter and summer 2012. In addition, the previous
author concluded that the properties of wastewater was out of restrictions, especially
those of temperature and total suspended solid (TSS).
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Tables (1 )and (2) show that the demi water produced by the power plant is valid
and can be purified and recycled; to be used in industrial processes and drinking too. This
finding is similar to the study of Mohsen (2004) on industrial wastewater reuse in
Jordan's Al Hussein thermal power station. He found that that wastewater could be
treated by filtration, including reverse osmosis, and then recirculated in the plant as
process water.

A thorough analysis on the level of heavy metals parameters in chosen water
regions was carried out (Table 2). Presence of heavy elements of Cd, and Pb were slightly
higher in collected water samples from raw river and drainage chanal water than
permissible limit. The concentration of Cd and Pb were reported (0.62 and 0.14) for raw
water and (0.17 and 0.15) for drainage chanal water samples respectively. However, the
concentrations of Cu and Zn metals in water from all three water sources were within the
permissible levels of Canadian environmental quality (CCME 2008).

The concentrations of heavy metals in industrial waste water were the result of Al-
Najibiya power plant, because it runs on heavy fuel oil (HFO), which contains a lot of
chemical elements including heavy metals. Industrial pollutants, like Cd, Cu, Cr, Fe and
Ni, which are mainly colorless and odorless, are released into the environments and
therefore, these elements have become a source of threat to aquatic organisms (Singare et
al., 2011).

Table 2. Heavy metals concentration (mg/l) of water samples collected from Shatt al-
Arab river, drainage channel and demi water from Al-Najibiya electric power plant.

Water Cd Cu Pb Zn
Source (mg/l)  (mg/l) (mg/l) (mg/l)
Raw Water 0.62 0.01 0.14 0.04
Drainage 0.17 0.03 0.15 0.04
chanal
water
Demi 0.07 0.01 0.08 0.01
Water
Permissible 0.005 1.00 0.05 5.00
limit*

*Canadian environmental quality guidelines.

The present study revealed that, Shatt al-Arab is impacted by industrial effluents
with high organic matter untreated discharge, and affected by domestic sewage as well
which could be a source of a lot of heavy metals. This result concurs with that of Aljabri
et al. (2016), with respect to the concentrations of six metals including: Pb, Cu and Zn in
river sediments recording ranges of 11 — 17 mg/I for Pb, 31 — 40 mg/I for Cu, and 108 —
127 mg/l for Zn. Whereas, Al-Asadi et al. (2019) observed a uniform distribution and
low concentrations of most elements in the river water which were <5 and < 1 ug/l for Pb
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and Cd respectively, they designated that the contaminated sources of river were the air
deposits of gaseous releases from oil manufacture and electrical generators.

Table (3) shows that the average concentrations of metals in the studied tissues
(liver, gill and muscles) of the tilapia fish recorded significant differences (p<0.05)
among different tissues. The liver had the highest bioaccumulation of metals, followed by
gill tissue and muscles. The cadmium concentration (0.86 mg/kg) in the liver tissue was
slightly higher than the permissible limits, while the muscle tissue of fish (0.03 mg/kQg)
was below the permissible concentration limits (0.05 mg/kg) as stated by EC (2006).

Table 3. Heavy metals concentrations (mg/kg) in various tissues of tilapia; Oreochromis
niloticus, and shrimp; Metapenaeus affinis, collected from Shatt al-Arab river near Al-
Najibiya electric power station

Tissue Cd (mg/km) Cu(mg/km) Pb (mg/km) Zn
Sample (mg/km)
Tilapia 0.03 0.05 0.03 1.15
Muscle
Tilapia 0.14 0.12 0.05 2.33
Gills
Tilapia 0.86 0.13 0.07 2.39
Liver
Shrimp 0.01 0.44 0.18 1.86
tissue
Permissible  0.05 for fish muscle 3.0 0.3 for fish
limit* 0.5 for fish liver and 0.5 for shrimp

shrimp

*Permissible limit by EC 2006

Noticeably, the increase of cadmium concentration could be due to the higher
concentration in the drainage chanal water of the electrical power station (Table 2). The
current results agree with those of Low et al. (2011) in the evaluation of metals in tissues
of red tilapia (Oreochromis sp.), reporting that liver have the ability to accumulate heavy
metals, especially copper. They also found great variation in the levels of the elements for
copper and cadmium, the liver samples being more distinct compared to the other
samples. The present study revealed that the muscle tissue had the lowest level of mineral
bioaccumulation compared to other tissues that may retain it through the circulatory
system. This finding collaborates with that of AbdulMuhsin et al. (2016) in terms of the
concentrations of metals (Cd, Cu, and Pb) in carp fish; Cyprinus carpio, and water of the
artificial lake of Baghdad city, Irag (0.200, 0.111, and 1.539 mg/Kg) in the fish, and
(0.010, 0.004, and 0.818 mg/I) for the water respectively. Statistically, the concentrations
of cadmium and lead levels in fish were higher than the permissible limits. Similarily, the
lead concentration in water was higher than the permissible limits too. Khoshnood and
Khoshnood (2015) studied the effect of industrial waste water on Barbus grypus and
Hypophthalmichthys molitrix from Karoon river, Iran, and found that the concentration of
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Hg metal increased considerably after industrialization, recording 18.92 and 25.49 mg.kg’
Lin liver tissues of these fishes respectively. They related those extra concentrations to
the increased concentration of the dissolved organic carbon and the discharge of the Hg
released from petrochemical activities in these regions.

Many studies on heavy metal concluded that accumulation of metals varied
depending on species-specific factors, beside others like; fish size, age and feeding
behavior. Bawuro et al. (2018) studied different tissues of benthic fish; Clarias
anguillaris, and pelagic fish; Heterotis niloticus, and Tilapia zillii , and reported that the
concentrations of Zn, Cu and Pb were of a high level in the liver (22.4, 29.87 and 3.5
mg/kg), respectively, while the gill targeted for Cd was 0.53 mg/kg in the C. anguillaris .
These differences were related to the potential factors affecting mineral absorption such
as geographical location and age, in addition to the species-specific factors.

Rajeshkumar and Li (2018) assessed the metals’(Cd, Cr, Cu, Pb) concentrations
in fresh water fish (Pelteobagrus fluvidraco and Cyprinus carpio Linnaeus) and found
that, concentrations means were higher in the dry season. This result was attributed to the
rise in temperature, which in turn led to an increase in activity and metabolic rate, as well
as an increase in feeding sessions and increased ventilation. Hashim et al. (2014) studied
Chitala chitala fish in Kelantan river, Malaysia and found that, the concentrations raised
in the wet season (Cd concentration was 0.076 mg/kg, and Pb was 0.169 mg/km) in
Osteochilus hasseltii and they were above the permissible limit values. It was the first
ingredient to be distinguished by the type of toxicity. Generally, in animal systems, lead
(Pb) has been criminalized in a wide range of toxic effects and is considered a durable,
ubiquitous heavy metal (Assi et al., 2016). However, the metals concentrations level in
muscles tissues of the tilapia fish and soft tissue of the edible parts from the studied
shrimps Table (3) were within the allowable levels for human consumption. Generally,
all results were within the tolerable range recommended by the European Communities
(EC, 2006).

CONCLUSION

The results of this study provide a basic information for the environmental
assessment of Shatt al-Arab river. This river suffered from a deterioration in the water
quality, especially in summer 2018. There were significant differences between the
concentrations of the heavy metals in the investigated tissues (muscle, gill and liver) of
the tilapia. The tilapia fish muscles and the edible parts of the studied shrimps in the
study area had an acceptable concentrations of heavy metals for human consumption.
Consequently, more investigations is needed to detect a wider range of river pollutants.
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