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Abstract

Seasonal variations in the concentrations of six heavy metals (Cd, Cu,Mn, Ni, Pb and Zn) were determined
in different tissues (muscles, livers , Ovaries , Intestines and gills) of Epinephelus coioides (serranidae) and
Euryglossa orientalis from Al-Amiq port within National Iraqi Waters at Northern Arabian Gulf during the
period October 201¢ and November 201°. Heavy metals in fish samples were analyzed by atomic
absorption spectrophotometry (AAS) after acid digestion. Two-way ANOVA statistics were used to
compare the data among seasons, species, and organs (level of 0.05). the bioaccumulation of the heavy
metals was species-related as the accumulations of the heavy metals analysed in the tested two fishes were
of the following trend: Epinephelus coioides > Euryglossa orientalis. Accumulation of total heavy metals in
Epinephelus coioides, the following order Zn > Cu > Cd > Mn > Ni > Pb is found, while that for Euryglossa
orientalis, the following order: Cu > Zn > Mn > Cd > Ni > Pb is found. In the organs of Epinephelus
coioides, heavy metals Cd, Cu, and Zn recorded the higher concentrations during summer season, high
concentrations of Mn recorded during spring, and lower concentrations were recorded for Ni and Pb during
all seasons. In the organs of Euryglossa orientalis higher concentrations of heavy metals were recorded for
Cd during summer season, Cu during autumn season, Mn during spring season, Ni and Zn were low during
all seasons, and Zn during winter season. The levels of Cd, Ni, and Zn in this study were higher than the
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maximum permissible limits (FAO, and WHO) for human consumption and that of Cu, Mn, and Pb are still
lower.
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Introduction

Heavy metals discharges to the marine environment are of great concern all over the world, and have a
great ecological significance due to their toxicity and accumulative behavior[1] . Marine organisms concentrate
in their tissues the contaminants present in sea water and heavy metals are critical in this regard because of
their easy uptake into the food chain and because of bioaccumulation processes [2].Because of toxicity and
accumulative behavior of heavy metals, they can make different changes in aquatic environment such as
species diversity[3]. These metals concentrated at different contents in organs of fish body [4]. Fish is an
important food source for human[5]. Therefore, heavy metals in aquatic environments are transferred through
food chain into humans. Since, fishes are highly consumed by human being and may accumulate large amounts
of some metals from the water, it is important to determine the concentration of heavy metals in commercial
fish in order to evaluate the possible risk of fish consumption for human health [6]. Studies from the field and
laboratory experiments showed that accumulation of heavy metals in a tissue is mainly dependent upon water
concentrations of metals and exposure period [7,8]. The harmful effects of heavy metals and metalloids to biota
in the marine environment have been recognized. Fish and shellfish are good bio indicators of trace element
contamination in the marine environment since they occupy different a tropic levels and can display large
bioaccumulation factors Fish accumulate toxic chemicals such as heavy metals directly from water and diet,
and contaminant residues may ultimately reach concentrations hundreds or thousands of times above those
measured in the water, sediment and food [9-11]. Heavy metals are normal constituents of marine environment
that occur as a result of pollution principally due to the discharge of untreated wastes into rivers by many
industries. Bioaccumulation of heavy metals in tissues of marine organisms has been identified as an indirect
measure of the abundance and availability of metals in the marine environment [12]. So, monitoring fish tissue
contamination serves an important function as an early warning indicator of sediment contamination or related
water quality problems [13,14] and enables us to take appropriate action to protect public health and the
environment[]. Multiple factors including season, physical and chemical properties of water can play a
significant role in metal accumulation in different fish tissues [15,16]. Several studies [17-21] have also
indicated that fish are able to accumulate and retain heavy metals from their environment depending upon
exposure concentration and duration as well as salinity, temperature, hardness and metabolism of the animals.
Adeyeye et al.[22] referred to that the concentration of metals was a function of fish species as it accumulates
more in some fish species than others. Previos studies that using different species of fishes as bioindicator for
pollution monitoring because most of fish tissues can accumulate heavy metals from aquatic environment [23-
28], due to this reason a few studies have been reported dealing with different fish species collected from area
closed to the present study area. Fish have been the most popular choice as test organisms because they are
presumably the best-understood organisms in the aquatic environment [29] and also due to their importance to
human as a protein source [30]. Therefore, this research project aimed at to determine the levels of
contamination and the bioaccumulation of Cd, Ni, Cr, Co and Pb in two common and eatable fishes
Epinephelus coioides and Euryglossa orientalis that are of commercial importance in Shatt Al-Arab Estuary,
Northern Arabian Gulf.

Materials and Methods

A total of 200 each of Epinephelus coioides (serranidae) and Euryglossa orientalis
fishes were caught ( 50 each species during winter, summer, spring and Autumn) for the period Oct.2014 —
Nov.2015 from Al-Amiq port at the Northern Arabian Gulf (35°36'31"N, 50°48'23"E) as shown in Fig.(1).
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Figure (1). Location map for sampling station.
The average weight and length for each fish species were (758 gm and 395 mm) and(358 gm and 285 mm)
respectively. Fish samples used in this study are shown in fig.(2). Heavy metals were extracted according to the
method explained by ROPME [31], and measurements were conducted by Flame Atomic Absorption
Spectrophotometer Model PG, AA500.

a) Epinephelus coioides b) Euryglossa orientalis

Figure 2. Two marine fish species used for bioaccumulation of heavy metals: a) Epinephelus coioides and b)
Euryglossa orientalis

Statistical program SPSS was used to analyze the data statistically. Two-way ANOVA was employed to find
the significant differences of heavy metal concentrations in fish organs with regard to seasons [32]. The
significance was set at 0.05.

Results

The seasonal variation in the level of metals Cadmium (Cd) , Copper (Cu), Manganese (Mn) , Nickel (Ni),
Lead (Pb) and Zinc (Zn) in the tissues (muscles, liver, Ovaries, Intestines and Gills) of fishes Epinephelus
coioides and Euryglossa orientalis are given in tables (1-3) and (5-7) respectively:

Statistical analysis which is shown in table (4) for the results of the fish Epinephelus coioides, indicated that
Cu, Mn, Pb and Zn showed significant differences between seasons and all tissues of the fish .but Cd levels
varied significantly in all fish tissues and Ni levels showed no significant differences between seasons and all
tissues of the studied fishes. While Statistical analysis for the results of Euryglossa orientalis which is shown
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in table (8) indicated that Mn ,Ni, Pb and Zn showed significant differences between seasons and all
investigated fish tissues, but Cd and Cu levels varied significantly in all tissues of the fishe

Table 1. Bioaccumulation of selected Heavy Metals in different Seasons and Organs of Epinephelus coioides
within this Study, Oct. 2014 to Nov. 2015.

Season Tissue Cd Cu Mn Ni Pb Zn

Winter Muscles 0.4 0.97 0.5 0.002 ND 4.9

Liver 0.7 3.23 0.8 0.1 0.02 20.8
Ovaries 0.3 2.61 0.2 0.02 0.09 13.0
Intestines 1.2 6.79 1.1 0.2 0.31 58.1
Gill 1.2 8.23 1.7 0.3 0.02 15.4
Spring Muscles 0.7 2.32 0.3 0.2 ND 20.9
Liver 0.2 8.7 0.3 0.5 0.55 15.5
Ovaries ND 3.79 0.4 0.1 0.04 9.7
Intestines 1.4 3.26 2.8 0.1 0.02 15.1
Gill 0.7 1.54 15 0.7 0.19 11.5
Summer Muscles 2.2 3.14 0.5 0.3 ND 2.1
Liver 2.0 4,73 ND 0.5 0.33 74.5
Ovaries 2.8 3.21 0.7 0.1 0.03 16.8
Intestines 2.2 0.75 0.8 0.1 0.12 10.3
Gill 0.8 10.64 1.2 0.7 0.13 51.1
Autumn Muscles 0.5 5.42 0.7 0.3 ND 4.5
Liver 2.3 3.42 2.2 0.5 0.01 ND
Ovaries 3.2 7.44 0.7 0.1 0.03 20.9
Intestines 2.4 0.11 0.1 0.1 0.07 15.6
Gill 0.7 0.06 2.1 0.7 0.08 10.5
ND = Below the detection limit.

Table 2 Bioaccumulation of selected Heavy Metals , mean and Std. Deviation in different Seasons for
Epinephelus coioides within this Study.

Tissue
Zn Pb NI Mn Cu Cd
Gill Mean 2212 0.10 0.60 1.62 511 0.85
3td.Dev 19.43 0.07 0.20 0.37 511 0.23
Minimum 105 0.02 0.30 1.20 0.06 0.7
Maximum 511 0.19 0.70 2.10 10.64 1.2
Intestine Mean 24.77 0.13 0.12 1.20 | 272 1.80
s Std.Dev. 22.34 0.12 0.05 1.14 3.03 0.58
Minimum 103 0.02 0.10 0.10 0.1 1.2
Maximum 58.1 0.31 0.20 2.80 6.79 2.4
T Liver Mean 36.93 0.22 040 | 110 | 502 | 1.30 |
Std.Dev 32.64 0.26 0.20 0.98 2.54 1.01
Minimum 166 0.01 0.10 0.30 3.23 0.2
___Maximum 745 0.88 050 | 220 | s70 | 23
Muscles Mean 8.10 0.20 043 | 298 | 095
Std, Dev, 8.62 N.D 0.14 0.11 1.86 0.84
Minimum 21 0.00 0.30 0.97 0.4
ettt Maximum | 209 | | 030 | 050 | 542 | 22
Ovarles Mean 15.10 0.04 0.08 0.50 4.26 2.10
Std. Dev. 4.83 0.02 0.04 0.24 217 1.57
Minimum 9.7 0.03 0.02 0.20 2.61 0.3
- __Maximum | 209 | o009 | 010 | 070 | 744 | 32
Total Mean 20.58 0.12 0.28 099 | 4.01 1.36
Std. Dev. 19.26 0.15 0.23 0.77 2.99 0.92
Minimum 21 0.01 0.00 0.10 0.06 0.2
Maximum 745 0.56 0.70 2.80 10.64 3.2
Permissible 40 0.5 70-80 2.9 30 0.5
Hmits[ 33)
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Table 3. Bioaccumulation of selected heavy metals,mean and Std. Deviation in different organs of Epinephelus

coioides within this Study.

Season Zn Pb Ni Mn Cu Cd
Mean 12.87 0.04 0.34 1.27 3.29 1.82
Std. Dev. 7.01 0.03 0.26 1.04 3.25 1.16
Autumn o
Minimum 45 0.01 0.10 0.10 0.06 0.5
Maximum 20.9 0.08 0.70 2.20 7.44 3.2
Mean 14.54 0.20 0.32 1.06 3.92 0.75
Sori Std. Dev. 431 0.24 0.26 1.09 2.80 0.49
rin
pring Minimum 9.7 0.02 0.10 0.30 1.54 0.2
Maximum 20.9 0.55 0.70 2.80 8.70 14
Mean 30.96 0.15 0.34 0.80 4.49 2.00
Std. Dev. 30.66 0.12 0.26 0.29 3.71 0.73
Summer .
Minimum 2.1 0.03 0.10 0.50 0.75 0.8
Maximum 745 0.33 0.70 1.20 10.64 2.8
Mean 22.44 0.11 0.12 0.86 4.36 0.76
. Std. Dev. 20.74 0.13 0.12 0.57 3.02 0.42
Winter .
Minimum 49 0.02 0.00 0.20 0.97 0.3
Maximum 58.1 0.31 0.30 1.70 8.23 1.2
Mean 20.58 0.12 0.28 0.99 4,01 1.36
Total Std. Dev. 19.26 0.15 0.23 0.77 2.99 0.92
otal
Minimum 2.1 0.01 0.00 0.10 0.06 0.2
Maximum 745 0.55 0.70 2.80 10.64 3.2

Table 4. Analysis of variance (ANOVA) for Epinephelus coioides fish from Al-Amiq port of the Arabian

Gulf-Iraq.
Metal Effect Sum of Degree of Mean of F Sig.
square freedom square
Cd Tissue 3.443 4 0.861 1.676 0.225
Season 5.693 3 1.898 3.696 0.046
Error 5.647 11 0.513
Total 50.790 19
Corrected Total 15.484 18
Cu Tissue 20.209 4 5.052 0.416 0.794
Season 4.434 3 1.478 0.122 0.946
Error 145.680 12 12.140
Total 493.209 20
Corrected Total 170.323 19
Mn Tissue 3.448 4 0.862 1.389 0.306
Season 0.311 3 0.104 0.167 0.916
Error 6.204 10 0.620
Total 28.030 18
Corrected Total 10.229 17
Ni Tissue 0.749 4 0.187 15.332 0.000

www.bumej.com

34



Mesopotamia Environmental Journal ISSN 2410-2598
Mesop. environ. j. 2017, VVol.3, No.3.;30-41

Season 0.165 3 0.055 4,507 0.024
Error 0.146 12 0.012
Total 2.640 20
Corrected Total 1.060 19
Pb Tissue 0.068 3 0.023 0.919 0.470
Season 0.050 3 0.017 0.684 0.584
Error 0.221 9 0.025
Total 0.599 16
Corrected Total 0.339 15
Zn Tissue 1439.143 4 359.786 0.928 0.482
Season 789.681 3 263.227 0.679 0.583
Error 4265.060 11 387.733
Total 14734.700 19
Corrected Total 6680.098 18

Table 5. Bioaccumulation of selected Heavy Metals in different Seasons and Organs of Euryglossa orientalis
fish within this Study, Oct. 2014 to Nov. 2015.

Season Tissue Cd Cu Mn Ni Pb Zn
Winter Muscles 0.2 0.481 0.1 0.5 0.02 6.0
Liver 0.5 0.485 ND 0.3 | 0.031 | 16.2
Ovaries 0.4 0.292 ND 0.2 ND 11.8
Intestines 0.006 0.599 ND ND ND 28.1
Gill 1.0 0.532 ND 0.4 | 0.053 | 345
Spring Muscles 0.5 571 ND 0.4 ND 114
Liver 1.4 2.83 15 ND | 3.91 33.2
Ovaries ND 4.61 4.8 0.3 ND 10.3
Intestines 0.4 2.29 15 0.3 ND 10.8
Gill 1.1 8.79 9.1 2.6 0.3 6
Summer Muscles 24 10.34 0.01 0.1 0.11 15.6
Liver 3.2 6.56 0.07 0.1 | 0.744 | 20.9
Ovaries 0.7 6.66 2.1 0.7 0.6 10.5
Intestines 1.2 4.47 0.5 0.3 | 0.301 4.9
Gill 1.2 6.66 1.01 ND 0.17 15.8
Autumn Muscles 15 53.1 ND 0.7 0.06 12.3
Liver 1.6 53.3 35 ND 0.04 23.6
Ovaries 1.3 22.8 2.6 0.5 0.01 14.9
Intestines 1.2 90 ND ND 0.01 4.9
Gill 1 59 0.8 1 ND 38.7

N.D : Below the Detecting limit
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Table 6 Bioaccumulation of selected Heavy Metals , mean and Std. Deviation in different Seasons of
Euryglossa orientalis within this Study .

Season Zn Pb Ni Mn Cu Cd
Autumn Mean 18.88 0.03 0.73 2.30 55.64 1.32
Std. Dev. 12.93 0.02 0.25 1.37 23.88 0.23
Minimum 4.9 0.01 0.5 0.80 22.80 1.00
Maximum 38.7 0.06 1.0 3.50 90 1.60
Spring Mean 14.34 2.10 0.90 4.22 4.84 0.85
Std. Dev. 10.75 2.55 1.13 3.60 2.59 0.47
Minimum 6.00 0.30 0.3 1.50 2.29 0.40
Maximum 33.20 3.91 2.6 9.10 8.79 1.40
Summer Mean 13.54 0.38 0.30 0.73 6.93 1.74
Std. Dev. 6.07 0.27 0.28 0.86 2.11 1.02
Minimum 4.90 0.11 0.1 0.01 4.47 0.70
Maximum 20.90 0.74 0.7 2.10 10.34 3.20
Winter Mean 19.32 0.03 0.35 0.10 0.47 0.42
Std. Dev. 11.73 0.016 0.12 - 0.11 0.37
Minimum 6.00 0.02 0.2 0.10 0.29 0.006
Maximum 34.50 0.05 0.5 0.10 0.59 1.00
Total Mean 16.52 0.45 0.56 2.12 16.97 1.09
Std. Dev. 10.17 1.02 0.61 2.53 25.54 0.76
Minimum 49 0.01 0.1 0.01 0.29 0.006
Maximum 38.7 3.91 2.6 9.10 90 3.20
Table 7 Bioaccumulation of selected Heavy Metals, mean and Std. Deviation in different Organs of
Euryglossa orientalis within this Study .
Tissue Zn Pb Ni Mn Cu Cd
Mean 23.75 0.17 1.33 3.63 18.74 1.07
) Std. Dev. 15.46 0.12 1.13 4.73 27.06 0.09
Gill Minimum 6.00 0.05 0.4 0.80 0.53 1.00
Maximum 38.7 0.30 2.6 9.10 59.00 1.20
Mean 12.17 0.15 0.30 1.00 24.33 0.70
_ Std. Dev. 10.97 0.20 0.00 0.70 43.80 0.59
Intestines Minimum 4.9 0.01 03 0.50 0.59 0.006
Maximum 28.10 0.30 0.3 1.50 90 1.20
Mean 23.47 1.18 0.20 1.69 15.79 1.67
_ Std. Dev. 7.16 1.84 0.14 1.72 25.12 1.12
Liver Minimum 16.20 0.03 0.1 0.0 0.48 0.50
Maximum 33.20 3.91 0.3 3.50 53.30 3.20
Mean 11.32 0.06 0.42 0.055 17.40 1.15
Std. Dev. 3.98 0.04 0.25 0.06 24.13 1.00
Muscles L
Minimum 6.00 0.02 0.1 0.01 0.48 0.20
Maximum 15.60 0.11 0.7 0.10 53.10 2.40
) Mean 11.87 0.30 0.42 3.16 8.59 0.80
Ovaries Std. Dev. 2.12 0.41 0.22 1.43 9.83 0.45
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Minimum 10.30 0.01 0.2 210 0.29 0.40
Maximum 14.90 0.60 0.7 4.80 22.80 1.30
Mean 16.52 0.45 0.56 212 16.97 1.09
Std. Dev. 10.17 1.02 0.61 253 25 54 0.76
Total Minimum 4.9 0.01 0.1 0.01 0.29 0.006
Maximum 38.7 3.91 26 9.10 90 3.20
Permissible limits [33] 40 0.5 70-80 2-9 30 0.5

Table 8. Analysis of variance (ANOVA) in Euryglossa orientalis fish from Al-Amiq port of the Arabian

Gulf-Iraq.
Metal Effect Sum of Degree of Mean of F sig.
square freedom square
Cd Tissue 2417 4 0.604 2.016 0.162
Season 5.020 3 1.673 5.584 0.014
Error 3.296 11 0.300
Total 33.340 19
Corrected Total 10.556 18
Cu Tissue 517.027 4 129.257 0.857 0.517
Season 10074.969 3 3358.323 22.262 0.000
Error 1810.234 12 150.853
Total 18165.548 20
Corrected Total | 12402.230 19
Mn Tissue 13.447 4 3.362 0.521 0.726
Season 23.119 3 7.706 1.195 0.401
Error 32.242 5 6.448
Total 135.695 13
Corrected Total 77.141 12
Ni Tissue 1.974 4 0.494 1.500 0.300
Season .639 3 0.213 0.648 0.609
Error 2.303 7 0.329
Total 9.980 15
Corrected Total 5.276 14
Pb Tissue 2.677 4 0.669 0.969 0.488
Season 6.369 3 2.123 3.073 0.112
Error 4.145 6 0.691
Total 16.433 14
Corrected Total 13.544 13
Zn Tissue 672.352 4 168.088 1.741 0.206
Season 135.212 3 45.071 0.467 0.711
Error 1158.728 12 96.561
Total 7424.500 20
Corrected Total | 1966.292 19

Heavy metals in Epinephelus coioides were behave as follow: The concentration of Cd ranged between ND in
ovaries during spring season upto 3.2 pg/g dry weight in the ovaries during autumn season, while Cu ranged
between 0.06 ug/g in gills during autumn upto 10.64 ug/g in gills during summer season, Mn ranged between
ND in liver during summer and 2.8 pg/g dry weight in the intestine during summer season, Ni recorded the
lowe values between 0.0+2 pg/g dry weight in the muscles during winter to 0.7 pug/g dry weight in the gills
during summer and autumn, Pb recorded the lowest values ranged between ND in the muscles during summer
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and autumn upto 0.55 pg/g dry weight in the liver during spring, while Zn recorded the hightest values in the
range ND in liver during autumn and 74.5 pg/g dry weight in liver during sumer season.

In the organs of Epinephelus coioides, heavy metals Cd, Cu, and Zn recorded the higher concentrations during
summer season, high concentrations of Mn recorded during spring, and lower concentrations were recorded for
Ni and Pb during all seasons. Accumulation of total heavy metals concentration in the organs of Epinephelus
coioides during all seasons were in the following order Zn > Cu > Cd > Mn > Ni > Pbh.

For Euryglossa orientalis, the behaviour was as follow: Cd recorded concentrations ranged between 0.006 ug/g
dry weight in intestines during winter season and 3.2 ug/g dry weight in liver during summer season, Cu
ranged between 0.292 pg/g dry weight in the ovaries during winter season and 90 pg/g dry weight in the
intestines during autumn season, Mn ranged between ND in most organs during winter season and 9.1 pg/g dry
weight in gills during spring season, Ni ranged between ND in most organs during all seasons and 2.6 pg/g dry
weight in gills during spring season, Pb ranged between ND in most organs during all seasons and 3.91 pg/g
dry weight in liver during spring season, while Zn recorded values ranged between 4.9 pg/g dry weight in the
intestines during summer and autumn seasons and 38.7 pg/g dry weight in the gills during autumn season.

In the organs of Euryglossa orientalis, higher concentrations of heavy metals were recorded for Cd during
summer season, Cu during autumn season, Mn during spring season, Ni and Zn were low during all seasons,
and Zn during winter season.

Accumulation of total mean heavy metal concentration in organs of Pseudorhombus malayanus during all
seasons was observed in the following order of : Cu > Zn > Mn > Cd > Ni >Pb .

The levels of Cd, Ni, and Zn in this study were higher than the maximum permissible limits[33] for human
consumption and that of Cu, Mn, and Pb are still lower. Safe disposals of domestic sewage and industrial
effluents as well as enforcement of laws enacted to protect our environment are therefore advocated.

Discussion

The levels of Cd, Cu, Mn, Ni, Pb and Zn were determined in the muscle in each species because of its
importance for human consumption and also in the gill since gills tend to accumulate metals [34]. These organs
as well as other active organs are good indicators of chronic exposure to heavy metals [12].

The higher levels of Zn and Cu can be attributed to their biological role in normal metabolism and the growth
of plankton and fish, which cause them to have an active uptake and storage [35] . The highest concentrations
of Cu, Zn, Cd, and Pb were found in tissues of fish from the selected site in which water of this site contained
high levels of the measured metals [36]. Humanitarian today is facing high level of pollution with different
pollutants among which the heavy metals are dangerous and hazardous. Pollutants and heavy metals are found
in the aquatic environment in many forms, they can be found as organic and inorganic complexes or suspended
molecules or dissolved ions and these forms differ with respect to their bioavailability toxicities [37]. Heavy
metals are naturally found in the environment but in very low concentrations [38](. The determination of heavy
metals ions in aquatic system was useful in controlling the pollution specially undegradable metals, thus they
differed from hydrocarbonic pollutants of varied chemical composition that lost some of their toxic
characteristics with changing their chemical composition, so it is difficult to remove easily the heavy metals
from the environment by natural processes in comparison with most of organic pollutants, but the ions of these
metals can combine with salts to form complexes that settle on the bottom [39]

The accumulation of heavy metals in fish differed according to the method by which the metals were absorbed
and fish sp. and kind of metal [40]. Seasonal variations observed in the metals concentration could be
attributed to the differences in local pollution, bioavailability of metals (variations among physiochemical
factors) and fish metabolism (growth cycle, reproduction and feeding) [41-43]. In addition, some other indirect
activities such as energy demand activities, atmospheric deposition and runoff inputting, that could lead to
metal contamination, are variable among seasons. The spawning period of L. abu takes place in winter (January
and February). During this period, the feeding habits of L. abu might get altered [44]. This alteration in feeding
habits could be the reason of observed difference in metal concentrations between the seasons [45]. Heavy
metals in aquatic environment and aquatic biota pose a risk to fish consumers and other wild life. Heavy metals
may enter aquatic ecosystem from different natural and anthropogenic sources including industrial or domestic
sewage, storm runoff, leaching from landfills-/dump sites and atmospheric deposit [46-48].
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Contamination of heavy metals in fish are usually compared with the permitted level recommended by the
Food and Agriculture Organization and World Health Organization [33]. Locally, From Tables 3 and 7,the
levels of Zn, Cu , Mn, Ni and Pb in all different kinds of fish were lower than the levels of compared to the
permissible limits set by FAO/WHO[33]. In the tissues (muscles, liver, Ovaries, Intestines and Gills) of
Epinephelus coioides and Euryglossa orientalis, the concentration of cadmium was found higher compared to
the permissible limit set by FAO/WHO [33]. Trace element concentrations in this study were lower than
FAO/WHO [33]( guideline values indicating that fish from Iraqi water bodies are safe for human consumption.
except Cd which was above limited exceed FAO/WHO [33]. However, people with high fish consumption
rates may accumulate increased levels of these metals over time. Long-term exposure to small amounts of
copper causes stomach upset, nausea, and diarrhea and can lead to tissue injury and disease. Cadmium and lead
are dangerous contaminants even at low concentrations their effects being more pronounced in children than
adults once exposed over the same period. In general, The low levels of metals reported in this study could be
attributed to the size of fish and their positions in the food web [49] since these factors are responsible for
pollutant accumulation in fish. Cd bioaccumulation was more than almost two times the permissible amount in
the fish meat (1.06 and 1.36mg/L). Thus, Cd accumulation in these fishes that form part of almost every day
diet of the local population is a matter of alarm and therefore such information should be made available to the
local people who could be affected by overexposure to Cd on a regular basis. They should also be taught to
recognize early symptoms of such metal toxicity. Generally, heavy metals showed organ specific accumulation
in this study. The accumulation of a particular metal depends to a large degree on the presence of the metal ion
in the water column, the physiological role of each element, and the preference of an element to bind to or
replace some elements in the tissue.

Table (9) shows concentration of heavy metals in different fish species collected from nearby study area

References Ni Pb Cd Cu Mn Zn Type
[50] 109 - 59 9.5 6.72 - Liza subviridis
[51] 1.46 - 24.5 - Acanthopagruslatus
3 195 | 573
[36] 12.59 5.3 - 29.4 - Chirocentrusdorab
[52] 1.9 0.011 | 6.89 19 06 - Otolithesruber
[52] 1.7 019 | 46 | 439 - Tenualosailisha(Hamilt
' 01 on,1822)
This study 0.28 0.12 | 1.36 20.5 Epinepheluscoioides
4.01 | 0.99 8
This study 0.56 045 | 1.09 | 16.7 | 2.12 | 165 Euryglossa orientali
2
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