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Abstract 
 
          The concentrations of heavy metals (copper, nickel, lead, cadmium, iron, manganese) in several parts 
of body (gonads, gills liver, intestine, and muscles of head, trunk and tail) of Tenualosa ilisha (Hamilton, 
1822) hunted from Iraqi Marine Water. Metal concentrations were measured by Flame Atomic Absorption 
Spectrophotometer. The results showed that the highest values were recorded for iron (105.049) µg/g (dry 
weight), the least concentration was for lead (0.643) µg/g (dry weight). Cadmium, nickel, manganese and 
Copper recorded (1.069, 1.098, 1.089 and 1.069) µg/g respectively. results showed that  fish body parts that 
accumulated the metals were as  follows; liver, gonads, gills, intestine, head muscles, tail muscles, trunk  
muscles, whereas the sequence of metals in fish body was as follows; iron, copper, manganese, nickel, 
cadmium, lead. 

Keywords; Tenualosa ilisha ; biological accumulation ; environmental pollution ; heavy metals ;  Iraqi 

Maine Water. 

Introduction 
 
          Heavy metals today have a great ecological significance due to their toxicity and accumulative 
behavior (Purves, 1985). They are non-biodegradable and undergo a globaleco-biological cycle in which 
natural waters are the main pathways (1). Heavy metals in water are particularly dangerous for fish 
juveniles and may considerably reduce fish density, or even cause extinction of entire fish population in 
polluted reservoirs. The data of many authors indicate that heavy metals reduce survival and growth of fish 
larvae (2). They also cause behavioral anomalies, such as impaired locomotors performance resulting in 
increased susceptibility to predators (3), or structural damages, mainly vertebral deformities, Overexposure 
to heavy metal contaminants can lead to overproduction of tumorsand consequently systemic damage to the 
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organism (4). The lethal and sub-lethal concentration, cadmium has accumulative polluting effect and could 
cause serious disturbances in fish metabolism such as abnormal behavior, locomotors anomalies or 
anorexia (5; 6; 7). Cadmium may also affect the blood cells (8). Heavy metals such as cadmium, chromium, 
Nickel and lead might alter the properties of hemoglobin by decreasing their affinity towards oxygen 
binding capacity rendering the erythrocytes more fragile and permeable, which probably results in cell 
swelling deformation and damage (9). Particle of nickel may cause some morphological transformations in 
numerous cellular systems and chromosomal aberrations (10). Among the aquatic fauna, fish is the most 
susceptible to heavy metal toxicants (11) and so, are more vulnerable to metal contamination than any other 
aquatic fauna. Heavy metal concentrations in organism can be changed during the seasons of year (12). 
Entering of heavy metals in to organisms largely depends upon water temperature (when metabolisms 
increases), connects positively or negatively with both temperature and salinity (13) ,these metals 
accumulate in certain tissues and organs but their concentrations  differ  from  one organ to  another 
.Benthic - feeding fish can accumulate heavy metals in their tissues in concentrations higher than the ones 
of  a water column nutrition or surface water nutrition because  the sediments contain big quantities of 
those metals. This study was carried out to investigate the concentrations of many heavy metals in fish 
tissues of commercial importance and to evaluate the risks the fish expose to, to provide information about 
copper, nickel, lead, cadmium, iron, manganese concentrations in several tissues of fish body. 

Materials and methods 

          Thirty five samples of Tenualosa ilisha fish were caught in Iraqi marine waters. Lengths and 
weights of the fish were taken, their length and weight averages were (295) mm and (310) g respectively. 
The Method was explains in (14)   used to digest fish samples of muscles from head, trunk and tail. 

heavy metals. After collecting and preparing samples, 0.5 g of each dried and grinded sample was taken 
and put in glass test tube then 3ml of (1:1) Concentrated Perchloric acid (HClO4) and Nitric acid (HNO3) 
mixture .The test tubes were put in water bath at 70 C0 for 30 minutes then transferred to hot plate for 
completion the digestion until the mixture became clear, then it was filtered or separated by centrifuge in 
order to discard the undigested fibers. Filtrate volume was completed by deionized water to 25 ml. The 
samples were preserved in tightly closed plastic vials until they were measured by Flame Atomic 
Absorption Spectrophotometer. 

 Statistical program SPSS was used to analyze the data statistically. Significance  differences among 
averages were tested by using Revised Least Significant Difference (RLSD) at 0.05 significant level. 
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Results  

          Figure (1) illustrated the highest values for copper concentration  was (0.095 ) µg/g (dry weight) 
during February and March, while the least concentrations were below level of Flame Atomic Absorption  
Spectrophotometer detection during August and September in the muscles of trunk, there were significant 
differences, at (P<0.05) probability level in metal concentrations in different tissues, they were between the 
liver and intestine and between other tissues, there were significant differences at same level of probability 
between August and September and between other months of study. Figure (2) showed that the highest 
values of nickel concentration was (0.092) µg/g (dry weight) during April and May in the muscles of tail, 
whereas the least concentrations were below level of Flame Atomic Absorption Spectrophotometer 
detection in gills and intestine. The results showed significant differences at (P<0.05) probability level for 
nickel concentrations in different tissues, they were between gills and muscles of trunk on the one hand and 
between other tissues on the other hand, they also showed significant differences at same level of 
probability between (April and May) and other months of study. Figure (3) showed the highest recorded 
concentration for lead (0.065) µg/g (dry weight) during February and March, the least recorded 
concentration for the same metal was below level of Flame Atomic Absorption  Spectrophotometer  
detection, the results showed significant differences, at (P<0.05) probability level between (gonads, 
intestine, liver) and other tissues, Also there were  significant differences, at (P<0.05) probability level 
between (April, May) and other months of study. Figure (4) showed the least recorded concentration for 
cadmium(0.016) µg/g (dry weight)  in intestine   during most of the months of study, where as the highest 
recorded concentration (0.087) µg/g (dry weight) during February and March ,It was found a significant 
differences    between gonads on the one hand and other organs on the other hand. The results did not show 
significant differences, at (P<0.05) probability level among the months study. Figure (5) illustrated the 
highest concentration for  iron was (7.53) µg/g (dry weight) during June and July, whereas least 
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concentration for iron was (1.151) µg/g (dry weight) in gills during August and September, there were 
significant differences in metal concentrations in different tissues, there was significant difference  between  
(liver, gonads, muscles of tail) and other tissues, the results also did not show significant differences at the 
same level of probability among the months of study. Figure (6) showed the highest concentration for 
manganese was (0.081) µg/g (dry weight ) during April and May  in the muscles of tail, whereas the least 
concentrations were below level of Flame Atomic Absorption  Spectrophotometer  detection in the muscles 
of trunk during August and September, the results also showed significant differences, at (P<0.05) 
probability level in manganese concentrations in different tissues, there were significant differences 
between (liver, gills, muscles of tail) and between  muscles of tail and other tissues, there was significant 
differences, at (P<0.05) probability level (April, May) and other months of study. Figure (7) illustrated that 
the total concentration of the metals during the period of study, it revealed that the highest concentration 
was for iron (105,049) µg/g (dry weight) and the least concentration for lead (0.643) µg/g (dry weight). 
Figure (8) showed the total concentration of the metals during the period of study. Figure (9) showed the 
total concentration of the metals in the tissues during the period of study by part per million (ppm). Figure 
(10) illustrated the heavy metal concentrations in sediments during the period of study, the least 
concentrations were for lead, nickel, iron, cobalt, copper during, they were (25.11, 39.2, 396.2, 188.7, 
40.12) µg/g (dry weight) respectively. Table (1) shows the permitted limits of heavy metals in fish µg/g 
(dry weight), Table (2) shows concentration of heavy metals in different Iraqi fish, Table (3) environmental 
factors during of study 

 

 

 

 

 

          

Figuer 1 the consentration of copper In tissues during study period  

 

 

 

 

 

Figuer 2  the consentration of nickel In tissues during stady period  
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 Figuer 3  the consentration of lead In tissues during stady period  

 

 

 

 

Figuer 4  the consentration of cadmium In tissues during stady period  

 

 

 

 

 

Figuer 5  the consentration of iron In tissues during during stady period  

 

 

 

 

 

Figuer 6  the consentration of manganese In tissues  during stady period  

 

 

0

0.02

0.04

0.06

0.08

0.1

Muscles of
head

Muscles of
trunks

Muscles of
tails

GillsGonadsIntestineLiver

M
g

/g
 d

ry
 w

ai
t

Feb. - Mar.

Apr. - May

Jun. - Jul.

Aug. - Sep.

 

0

0.03

0.06

0.09

0.12

Muscles of
head

Muscles of
trunks

Muscles of
tails

GillsGonadsIntestineLiver

M
g

/g
 d

ry
 w

ai
t

Feb. - Mar.

Apr. - May

Jun. - Jul.

Aug. - Sep.

 

0

2

4

6

8

Muscles of
head

Muscles of
trunks

Muscles of
tails

GillsGonadsIntestineLiver

M
g

/g
 d

ry
 w

ai
t

Feb. - Mar.

Apr. - May

Jun. - Jul.

Aug. - Sep.

 

0

0.03

0.06

0.09

Muscles of
head

Muscles of
trunks

Muscles of
tails

GillsGonadsIntestineLiver

M
g/

g 
dr

y 
w

ai
t

Feb. - Mar.

Apr. - May

Jun. - Jul.

Aug. - Sep.



Mesopotamia Environmental Journal                                     ISSN 2410-2598                                                
Mesop. environ. j. 2015, Vol.1, No.3:31-43. 
 

www.bumej.com 36 

 

 

 

 

 

 

Figuer 7  the consentration of heavy metals during stady period  

 

 

 

 

 

Figuer 8  the consentration of heavy metals during months of stady  

 

 

 

 

 

Figuer 9 the total consentration of heavy metals In tissues during stady period  

 

 

 

 

Figuer 10 the consentration of heavy metals in sediment during of stady  
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Table 1 permitted limits of heavy metals in fish µg/g (dry weight) according to (references ) 

 

 

 

 

 

 

 

 

 

Table 2 concentration of heavy metals in different Iraqi fish 
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Table 3  environmental factors during of stady 

Month temperature salinity PH Dissolved Oxygen mg / L 

February 16 19.6 7.8 11.70 

March 17.7 12.9 7.9 11.60 

April 20 9.6 8.1 10.90 

May 28.3 8.2 8.0 10.50 

Jun 27 17.6 8.1 10.50 

July 28.5 26.2 7.6 10.27 

August 29.1 21.7 7.5 9.67 

September 18.8 23.5 7.3 9.90 

 

Discussion 

          Today humanity is facing the highest level of pollution with heavy metals and other pollutants up to 
the limit is higher many times than  it was  before pollution. 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 their bioavailability toxicities (26). Heavy 
metals are naturally found in the environment but in very low concentrations (27). The determination of  
heavy metals ions in aquatic system was useful in controlling the pollution specially these metals were 
undegradable 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 
(28). 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 (29). The results showed that the highest concentration during the 
period of study was for  iron in all parts of the body, it was considered one of the important, essential and 
nontoxic metals in case of its increased concentration in the body (28), whereas the quantity of heavy 
metals in muscles were less than other parts of the body  because muscles fat scarcity, this agreed with a  
study  of (30), it was found that metal concentrations in muscles of four fish species of Arabian Gulf were  
less than their concentrations in other  parts of the body ,this follows the kind of nutrition or metal 
concentrations in the environment ,but metal concentrations were high in tail muscles (red muscles) this 
agreed with a study of (31) on Mugil sp., when he  measured the concentrations of cadmium, copper, zinc, 
lead and chrome, the concentrations of these metals in fish red muscles were higher than those of fish white 
muscles, his results were higher than the ones of present study, this could belong  to muscle composition 
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types  and their ability to accumulate the heavy metals as well as their contents of fat, heavy metals settle 
and bioaccumulate in fat tissues, gonads, liver and muscles and could cause heavy damages to the organism 
(32). Some heavy metals such as copper and lead attract to fats so easily accumulate in fatty tissues of fish 
in spite of the ability of fish to transferee or discharge the heavy metal to the surrounding environment (33). 
The present study recorded an increase in heavy metal concentrations in fish gonads during the period of 
study because they contain big quantity of fat in their tissue composition and so became a center for 
accumulation of  heavy metals during this period , they started accumulation heavy metals with small 
quantities then they reached the highest averages in reproduction season, this process can be regarded as a 
part of reproduction strategy to conserve sp ,some fish types their ovaries contain toxic compounds and by 
this way the fish protect their eggs from predation, bioaccumulation and enlargement mostly connected 
with high levels of toxic material pollution. The results showed that the least concentration in all tissues 
during all the period of study was for lead, it is very toxic, can be transferred via food chain to the main 
consumer, i.e the human being. Lead can affects every system and regime in the body and exposure to high 
level of lead can cause heavy damage in the brain kidneys and finally death (34), infection of vital part in 
food chain may lead to disorder in whole regime and it will weaken or may completely stop. Heavy metal 
concentrations in marine but high salinity reduce dissolving heavy metals in water, so raising of some 
heavy metal concentrations in fish tissues lead to deterioration of peroxidative protein that activate fat 
production in marine fish, work on regulation of metal level inside their bodies via nutrition and excretion 
(35), this explained that the heavy metals concentrations in marine fish tissues were less than those of fresh 
water fish tissues and this due to raising of salt ratios that combine with heavy metals and settled them 
down and reduce their toxicity and this what (36) showed in their study about the impact of salinity on 
toxicity of some heavy metals, they found as salty concentration (salinity) in water increased the 
concentration of free heavy metals ions decreased, by combining with salts and forming bottom settled 
complexes. This agree with the results of present study, few heavy metals were  recorded and the reason 
could be attributed to different abilities to control heavy metal levels inside their bodies via nutrition and 
excretion. With respect heavy metals arrangement in muscles of this study differ from what (29) mentioned 
in their study, they arranged lead, cadmium, nickel, chrome, they recorded high concentrations for lead and 
cadmium in organs and this case calls to worry about the probabilities of human exposure to heavy metals 
by eating  the hunted fish. The results of  study showed that  heavy metals were less than the permitted 
maximum level of food recommended by (37), besides that the heavy metals in fish tissues were much less 
than permitted level for human consumption explained by Food and Agriculture Organization (38). 
Calcium ions in water plays important role when helps sequencing the heavy metals in sediments and it was 
noted in connection with concentrations of these metals in water and sediments, this indicates the position 
and role of environmen tin accumulation of metals, i.e. the most important ground for forming fish 
nutrients, specially Bento phages and annelids of the bottom as asource of fish nutrition. Benthic fauna 
played important role as a link up of heavy metals absorption, infection of vital part in food chain may lead 
to disorder in whole regime and it will weaken or may completely stop (39). All fish have the ability to 
bioaccumulate sediment heavy metals with different levels. The differences that were found concerned with 
metal concentration in tissues can be explained on the basis of environmental circumstances that specially 
occurs in environmental regimes, these circumstances unite on the basis of nutrients as well as pollution 
level. Still there are many doubts with respect to the dangers of pollutants on health because the probable 
pollution of fish with  heavy metals may be decisive  for  future  utilization, it is important to proceed the 
research in order to get more knowledge in this topic, to devote environmental programs on the national 
and regional level in order to control  the pollutants, affording the required financing to develop the 
environmental societies via the projects that aim at exploring connections between the pollutants and health 
through priority that was determined by studying two programs, they are the heavy metals and organic 
pollutants. 
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Conclusions 

          Heavy metals accumulate in different body tissues, they can highly concentrate in fatty tissues and 
their increase leads to damage or distortion of cell tissues so waters should be treated before discharging 
them in to the environment. Increasing fresh water level that pour in to the Gulf. Protecting fish nest areas 
and examining the fish before marketing. T. ilisha can accumulate heavy metals in their tissues; they can 
highly accumulate the metals. The least concentration of heavy metals were in muscles of fish, the highest 
concentrations were in ovaries. Concentrating and distributing of heavy metals in the Gulf will permit to 
researchers to evaluate probable dangers for birds and fish and even human beings, some peoples hunt  fish 
in parts of the gulf. Heavy metals should be more concentrated in sediments near to its source, to determine 
special fields for high concentrations of heavy metals can help in determining the fields that can benefit 
from the increase of sacrificed efforts to control surface flow and effluents of pollutants in to the Gulf, high 
level of some heavy metals that were discovered in the sediments of Gulf, the concentrations of heavy 
metals were fluctuating and accompanied the variation in food chains. More studies can be done through ou 
different age groups of this fish sp and to carry out a detailed study concerned vital parts of food chain, to 
study different levels of heavy metals accumulation in soil, to carry out a study connects the impact of 
heavy metals on the organisms including human being, to follow up the environmental studies in the region 
and seashores, to study the pollutants during the high tide in order to know the quantity of pollutants that 
were brought with water. 
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