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Liver mineral concentrations of 232 samples from 

slaughtered animals, including  lamb, yearling, sheep, and 

cattle, checkin, and fish were detrmined, using X-ray 

fluorescence spectrometer, to provide data regarding to the 

liver mineral concentrations (mg/kg dry weight). The mean 

liver Zn and Co liver conentrations of lambs (286, 1.9), 

yearling (233, 1.7), sheep (254, 1.8), and cattle (276, 1.8) in 

majority samples were adequate, while liver Pb 

concentrations of mentioned animals (45.3, 48.1, 46.4, 

39.6) mg/kg respectively were high and exceeded toxic 

levels. In checkin, the mean liver Cu, Zn, and Co were also 

adequate, with the mean values of (26.4), (298.8), and (1.8) 

mg/kg respectively. Though, the mean liver Fe 

concentration (2257.0 mg/kg) was high, and liver Pb 

concentration (6.2 mg/kg) was reached toxic level. In fish, 

for majority liver samples, the mean concentration of Cu 

(191.8), Fe (6800.0), Zn (202.8), Co (3.3), Pb (8.6), and Ni 

(6.3) were high and toxic. In conclusion, liver Pb (and Ni 

only in fish) concentration in all studied animals for the 

majority of examined sample were higher than normal and 

toxic. Wherese, other studied minerals in majority of liver 

samples were adequate. Therefore, it can be concluded that 

human and animal health at a potential risk due to high 
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consuming ovine, bovine, checkin, and fish which contain 

high concentration of Pb and Ni in Erbil city.  

 

1. INTRODUCTION 

Minerals are exist in human and animal  environment. There are minerals such as Iron, copper, 

zinc, manganese, cobalt, chromium, and selenium which are considered as essential elements 

in human and animal health. Wherese, minerals such as lead, nickel, arsenic, cadmium  and 

mercury are considered as a toxic at certain levels ([1]; [2]). These minerals which are important 

and have their importance through involvement in formation of many enzymes and proteins 

contributed in key metabolic pathways. Thus, inappropriate supply of these minerals could 

retard the activity of enzymes, leading to metabolic disorders causing disease, reduce 

performance and economic loses. However, minerals when given to animals at higher levels 

than their requirements, exceeding the tolerance limit of the organism, can also lead to the 

alteration in cellular events, including lipid metabolism, gene expression, and distribution in 

hepatocytes, kidney damage, disruption in the nerve system, ae well as growth and reproduction 

retardation [3]; [4]. Consequently, exposure of animals to either high levels of minerals, or fed 

them levels lower than dietary requiremnt, can adversely affect animal production and health 

[4]. Moreover, dietary minerals that are offered at higher level than their requirements, however, 

by adapting to absorption and excretion, animals can limit the undesired accumulation of these 

minerals in tissues, or increasing in the mineral content of manure [5] : [6]. This may also elevate 

the amount of minerals in the soil and consume them through plants, which in long term, may 

consequence on animal when they consume plants in pastures. 

 

Human consumption of meat and meat products derived from animal that accumulated high 

levels of minerals could adversely affect human health. In the food chain, due to its poisonous 

nature, bioaccumulation and bio-magnification, the existence of heavy metals may cause a 

serious threat. Additionally, the risk of exposure to heavy metals in meat and meat products is 

a threat for both human health as well as food safety because of their toxic nature. It could be 

noted, however, that the chemical forms of metals can be alter, but they can neither be degraded 

nor destroyed. Hence, International organisation such as the Food and Agricultural Organization 

(FAO), World Health Organization (WHO), US Environmental Protection Agency (USEPA) 

have been set the maximum permisible limit concentrations of heavy metals in foodstuffs. 

Recently, it has been reported that the level of heavy metals including Pb, Ar, and Ni from 

imported meat of both lambs and beef in Erbil city were found higher than permitted levels set 

by international organization, which is considered as a risk to consumers health [7]. In Kurdistan 

region, ruminant animals mostly are not kept or housed in controlled farms that has fence and 

belonged pastures, while animals are free grazing along runways and other sites that might have 

been contaminated with toxic substances, or drink water from ditches, streams, rivers and other 

possible contaminated water sources. These animals are more liable to exposure to high levels 

of contaminants in the environment. These minerals are accumulated in the organs and other 

tissues such as liver and intestines which are sold in the market for consumption. Meat from 

sheep, cattle, poultry and fish can form an essential part of the human diet and contribute to 

consumers' overall exposure to toxic dietary elements. Liver is recognised as a most important 

organ, involving in the metabolic processes and storage of minerals. It is regarded to be 

representative as a most eloquent signs of any disturbance in the body. In addition, liver is the 

subject of different types of infectious, toxic, metabolic, nutritional, traumatic attacks or 

diseases [8]. In addition, liver contanis metal–binding proteins, by which heavy metals can 

accumulate at high concentrations. Hence, special consideration should be given to determine 

the concentration of minerals in liver. 
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In view of the fact that there are very poor documented data on tissue minerals content of 

domestic animals in Erbil city- Kurdistan. The elements selected for this study are either known 

to be physiologically important in farm animals (Cu, Fe, Zn, and Co) ([9]; [4]) or to be of interest 

to food safety organisations (Pb and Ni) [10]. Therefore, this study aimed to investigate hepatic  

minerals concentrations in sheep, cattle, chicken, and fish in Erbil city where animals were 

raised or imported from other countries.  

 

2. METHODS AND MATERIALS 

2.1. Sample collection 

A total of 281 ovine and bovine (local and imported such as Indian and Brazilian) livers samples 

were used in this study. The animals were not selected by sex, age, or breed, though on the 

acknowledged assumption that the lambs were weaned lambs, yearling aged no more than one 

year, and sheep over 2 years of age. Ovine and bovine liver samples were collected from 

slaughtered animals in Erbil city central slaughter house, chicken (broiler) liver samples were 

obtained from different slaughterhouses. Moreover, fish liver samples were collected from 

fishes in 5 different ponds. The collected species was Common Carp (Cyprinus Carpio) . All 

liver samples were from animals belong to the territories of Erbil city in North of Iraq. Liver 

samples were collected through different time of the years 2018 and 2019. The number of 

animals  per species were as followings; lamb (47), yearlings (34), sheep (32), cattle (50),  

chicken (20), and fish (49). 

2.2. Sample preparation 

Approximately 50g of liver tissue for each of ovine, bovine, and chicken were collected using 

stainless steel knives. Visible fat was removed, as well as connective tissue and major blood 

vessels. Moreover, whole fish liver samples were collected. Liver samples were packed in 

polyethylene bags, properly identified and preserved in a freezer at -20°C. Then, collected liver 

samples were oven dried at 60°C for 72 hours.  

2.3. Sample analysis 

The dried liver samples were analysed for copper (Cu), iron (Fe), Zinc (Zn), cobalt (Co), and 

lead (Pb) concentrations using X-ray fluorescence spectrometer (Genius 9000 XRF, USA) 

according to the procedures of [11]. All the results were expressed in mg/kg dry basis. Reported 

reference values, if given in wet weight (WW), were converted to dried weight DW for 

comparison purposes by multiplying reported WW values by 3.5, which is the mid-point of the 

standard conversion rates used (range 3.0 to 4.0) ([12]; [4]). In addition, reference ranges 

reported in SI units (µmol/kg) were converted to mg/kg by using the conversion factors provided 

by [12] and [4].  

2.4. Statistical analysis 

The experiment was a complete randomised design (CRD). One-way analysis of variance 

(ANOVA) was used to test for significant differences in hepatic minerals concentrations 

between species using Genstat version 19.1 (VSN Int. Ltd., Oxford, UK). Fisher's unprotected 

least significant difference test was applied between the means at a significant level of p<0.05. 

 

3. RESULTS AND DISCUSSION 

 

To the best of our knowledge, this is the first comprehensive report about the selected minerals 

in Erbil City-Iraq from ovine, bovine, chicken, and fish liver; hence, only minimal comparisons 

can be made between our results and other data. 
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3.1. Ovine and bovine 

Generally, the mineral content evaluation in livestock is complicated. Besides, it is often 

impractical to determine minerals content in the diet or consumption of minerals in the pasture 

feeding situation or when offered a diet containing of various feed ingredients. Liver has been 

proposed as organ, using as an indicator for the status of several minerals concentration in 

ruminant, poultry, and fish ([13]; [14]; [15]). Other tissues do not represent consistently animal 

body mineral status. Therefore, the current study used the best method, which is liver tissue, to 

evaluate the mineral status in ovine, bovine, chicken, and fish [16]. The mean (± standard 

deviation), median, and minimum, and maximum of liver essential trace minerals including Cu, 

Fe, Zn, and Co and non-essential minerals such as Pb were measured in ovine, bovine, chicken, 

and fish. The obtained data are discussed in the framework of suggested values for classifying 

minerals status of these animals and they are also compared with minerals concentrations 

reported in the literature. To our knowledge, this is the first attempt to evaluate mineral content 

in slaughtered ovine, bovine, chicken, and fish in Erbil city. Copper. Iron, Zinc, and Cobalt is 

essential to all animals and functions as a cofactor in many enzyme systems. Although, 

deficiency or toxicity of these minerals in livestock could cause  improvement in health and 

production [4]. Liver Zn, Co and Pb concentrations, in the present study, of ovine and bovine 

were presented in Table 1. These values were cpmpared with the diagnostic range for liver Zn, 

Co, and Pb concentrations in ovine and bovine (Table 2).  

 

The majority of liver Zn concentration of analysed samples were adequate. In addition, there 

was no significant difference (P>0.05) in hepatic Zn concentrations between lambs, yearling, 

sheep, and cattle, with the mean value of 286, 233, 254, and 272 mg/kg respectively (Fig1). 

These mean values with median values of liver Zn concentration were adequate and slightly 

higher than normal range. Zn deficiency was not evidenced for examined animals. The 

minimum liver Zn concentration were ranging from 97 to 108 mg/kg, which is adequate. 

Though, the maximum liver Zn concentration in examined animals reached high and a toxic 

level. The toxic level was just found in two cattle liver samples (>1400 mg Zn/kg). While, the 

high liver Zn concentration (for ovine 350-1400, and bovine 300-600 mg/kg) (Table 3) were 

observed in 12, 6, and 5, and 6 liver samples of lambs, yearling, sheep, and cattle respectively. 

Similarly, [17] reported high liver Zn concentration in sheep (4937 mg/kg DW) and cow (6489 

mg/kg DW). Both Zn and Cu are reported as antagonistic of each other. The high levels of either 

element will reduce absorption and metabolism of the other. They competitively bind to 

metallothionein. Increased dietary Zn results in decreased liver Cu concentration. Intakes of Zn 

impacts on Cu utilisation [18]. An increase of dietary Zn in lambs diet from 45 mg/kg DW to 

225 and 479 mg/kg DW reduced concentrations of Cu liver from 1625 to 1310 and 1158 mg/kg 

DW respectively [19]. The mechanism underlying the metabolic Cu-Zn interaction has been 

proposed to potentially involve Metallothionein (MT) as Zn is suggested to induce MT [20]. 

Where Zn displaced Cu from sulfydryl binding site and then Cu bound to MT is excreted into 

intestinal lumen [21].  

 

The mean, median, maximum, and minimum liver Co concentration of all examined animal 

were ranging from 1 to 3 mg/kg and these values are within normal range stated [1] and [4]. 

They proposed deficient, normal, and toxic concentration of liver Co concentration for both 

ovine and bovine were 0.04-0.06, 0.08-0.12, and 20-67 mg/kg respectively. The weaned lambs 

had higher (P<0.05) liver Co concentration compared with other studied animals (Fig. 1). Liver 

Co concentration of ovine and bovine in the current study were much lower compared to liver 

Co concentration in sheep (22.4 mg/kg DW) and cow (34.5 mg/kg DW) in Sulaymania city 

[17]. These difference in liver Co content could be due to the difference in dietary Co intake. 

The essentiality of Co for mammals is linked to vitamin B12 and there is no specific requirement 

for Co by mammalian tissues, though this mineral is required for the synthesis vitamin B12 via 

rumen microorganisms [22], which is a catalyst in the activity of methylmalonyl-CoA mutase 

and methionine synthase [23].  
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Table 1: Liver Zn, Co, and Pb concentrations of slaugtered ovine and bovine, with the 

diagnostic range 

Minerals Animals Mean±SD Median Minimum Maximum 

Zn 

lamb 286±145 258 108 794 

yearling 233±88 207 136 564 

sheep 254±117 203 97 670 

local cattle 272±259 200 99 1664 

Co 

lamb 1.9±0.18 1.8 1.6 2.3 

yearling 1.7±0.10 1.7 1.6 2.1 

sheep 1.8±0.30 1.8 1.4 3.0 

local cattle 1.8±0.27 1.7 1.0 3.0 

Pb 

lamb 45.3±13.39 45.2 21.6 81.7 

yearling 48.1±12.60 47.13 20.53 85.1 

sheep 46.4±12.55 49.9 16.1 72.5 

local cattle 39.6±12.62 41.4 20.6 71.7 

Diagnostic range of liver Zn, Co, and Pb1 

Animals   Zn Co Pb 

Ovine 

Adequate 263 0.04.06 0.11-2.8 

High 350-1400 0.08-0.12 17.5 

Toxic >1400 20-69 >35 

Bovine 

Adequate 25-200 0.04.06 0.35-3.5 

High 300-600 0.08-0.12 7 

Toxic >1000 20-69 >33 

1 [12]: [4] 

 

 
Figure 1: Liver Zinc (Zn), Cobalt (Co), and Lead (Pb) concentrations (mg/kg dry weight) of 

slaughtered local lambs, yearlings, sheep, and cattle in Erbil city abattoir. Error bars indicate 

SED. a,b Means with different superscripts are significantly different (P<0.05) 
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Liver Pb concentrations greater than 30 and 33 mg/kg DW are taken as indication that the animal 

was at risk of toxicity to Pb, while 7 mg/kg DW was considered as an adequate ([12]; [4]). The 

mean and median liver Pb concentration of all studies animals were ranged between 38.5 and 

49.9 mg/kg. The maximum liver Pb concentration was 85.1 mg/kg in yearling animals, while 

the minimum level was 16.1 mg/kg in sheep. These values were considered more than adequate 

and high, exceeding the toxic level 33 mg/kg DW. Liver Pb content were lower (P<0.05) in 

cattle than lamb, yearling, and sheep. The results of current study were in accordance with the 

high liver Pb concentration in sheep (38.9 mg/kg DW) and cow (37.9 mg/kg DW) reported in 

Anbar city [24]. However, the higher liver Pb. In cow (75 mg/kg DW) and the lower liver sheep 

Pb concentration 8.8 mg/kg DW) were reported in Sulaymania city [17]. It can be speculated 

that the cause of the toxic level of Pb in animals liver may be due to contaminations that 

transferred to animals via direct water, livestock feed, industrial effluent, and vehicle emission 

and from dirty slaughter places. As pastures on road borders polluted by high levels of Pb, 

coming from fuel vehicle gases. As Pb tetraetileno was found in this fuel [25]. However, no 

data could be collected on diet, in this study. It is much more concise to test the dietary Pb 

content in several feed factories and farms in different site of Erbil city. This information can 

then be used to determine whether the high liver Pb content coming from diet or environment. 

Lead despite of having biological functions in animal body but is highly toxic to both animals 

and humans. This makes Pb regards as one of the most danger minerals to animal and human 

health, has worldwide distribution and is accumulated in environment by industrial pollution 

[2]; [26]. The effects of Pb on rumen microorganisms has not been fully understood. Although, 

it is assumed that Pb somehow can reduce or inhibit growth of rumen microorganisms, by which 

the rate of rumen microbial is reduced and forage digestion declines as well [27]. While, the 

adverse effect of Pb on human health could be due to the absorption of Pb in the small intestine, 

and then sequestered by the liver, transported in the erythrocytes, where it replaces Fe in several 

enzymes concerned with haemoglobin production. In addition, lead poisoned animal can be 

considered a risk to public health, since there is an accumulation of this mineral in animal tissues 

that used for human consumption it may result in human toxicities [28]. 

 

3.2. Chicken  

The results for the five minerals, including Cu, Fe, Zn, Co, and Pb, found in all liver chicken 

samples in Erbil city are summarised in Table 3. However, a scarcity of data and information 

are available regarding establishment of normal and toxic liver mineral concentrations in 

chicken. The diet is the main route of entry of most minerals into the animal body. In the 

environment, the source of minerals is coming from the combustion of waste disposal, fossil 

fuels, domestic sewage, and mining industries. In addition, forestry and farming are also 

contribute to the metal content in the environment via using of fertilizers and pesticide [29]; 

[26]. In the current study, the mean and median, with both maximum and minimum liver Cu 

and Co concentration of chicken were an adequate. Liver Cu concentration in poultry were 

ranging from 6.4 to 32 mg/kg DW, and chroning Cu poisoning was 127 mg/kg DW [4]. In 

addition, liver Co concentration lower than 1 mg/kg DW was suggested as a deficient, and the 

level of 1.7-2.3 mg/kg DW were normal [30]. Though, the higher concentration of chicken liver 

Cu (158.3 mg/kg DW), but similar liver Co concentrations (5.9 mg/kg DW) were reported in a 

study conducted in Sulaymaniah city-Iraq [17]. Although, liver Fe concentration was ranging 

between 2257 to 3100 mg/kg, and these levels were considered as high but not reached toxic 

level of liver Fe concentration. The excess level of liver Fe concentration in poultry was set at 

1000 mg/kg DW and the toxic level was 5992 mg/kg [4]. The similar reasons of high liver Fe 

concentration in ovine and bovine can be speculated. Although, the high level of Fe had no 

adverse effect on liver Cu concentration in the chickens from the current study. That is could be 

due to difference in Cu metabolism between ruminants and poultry [1]. 
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Table 2: Slaughtered chicken liver minerals concentration (mg/kg dry weight). 
 Cu Fe Zn Co Pb 

Mean±SD 26.4±16.97 2257±347.80 298.8±82.38 1.8±0.08 6.2±0.98 

Median 24.4 2122.0 280.3 1.8 5.9 

Minimum 4.8 1958.0 204.6 1.6 4.7 

Maximum 60.8 3100.0 501.2 1.9 7.7 

In poultry, liver Zn concentration 40-80 mg/kg DW are set as an adequate, while 400 mg/kg 

DW as a high, and concentration greater than 400 mg/kg DW being suggestive of toxicosis [8]. 

In comparison with these levels, the mean and median in most liver Zn concentrations of 

slaughtered broilers in this study were within normal range. However, there were 3 samples of 

maximum liver Zn concentration (501 mg/kg) that exceeded the toxic threshold 400 mg/kg DW. 

Although, almost 3 times higher liver Zn concentration (1324 mg/kg DW) in chicken has been 

reported by [17]. Generally, livestock show a high tolerance to high dietary Zn intake and the 

extent of tolerance depends on the presence of other minerals such as Cu, and Fe in diet. In the 

current study, liver Pb concentration were between 4.7 (almost 5) and 7.7 mg/kg DW. 

Physiologic Pb concentrations in livers of poultry are 0.1–5 mg/kg DW, but the high level is set 

at 5-18 mg/kg DW, with concentrations of greater than 18 mg/kg DW being suggestive of 

toxicosis [4]. There were 19 chickens with liver Pb concentrations greater than 5 mg/kg, and 

only one liver sample was 4.7 mg/kg. However, none of liver samples contained or exceeded 

(18 mg/kg DW) toxic level of Pb.  

 

3.3. Fish  

The order of the fish liver mineral concentration was Fe ˃ Zn ˃ Cu ˃ Pb ˃ Ni ˃ Co, with the 

mean values of 6800.0, 202.8, 191.8, 8.6, 4.9, and 3.3 mg/kg respectively (Table 5). The mean 

and median of all analysed hepatic Zn, Cu, Fe, Pb, and Ni (except Co) concentrations were 

higher than maximum permissible level(Table 4). The minimum liver Cu and Zn were below 

permissible limit, while minimum liver Fe concentration (2434 mg/kg) was higher than 

permissible limit. [31] observed that more iron concentrations resulted in decreased feeding rate 

and reduced growth, with behavioral changes. It is observed that Zn resulted in sublethal stress 

and elevated RBC count in fish [32]. it’s also stimulated immune system via enhancing WBC 

count. Similarly, the high level of Cu could cause several disturbances such as the reduction of 

fish resistance to diseases through disrupting migration, altering swimming, impairing 

respiration, oxidative damage, disrupting osmoregulation structure and pathology of vital 

organs such as liver , gills, kidney, and other stem cells [33].  

 

Table 3: Liver Cu, Fe, Zn, Co, Pb, and Ni concentrations (mg/kg dry weight) in common carp 

fish from Erbil city ponds, and maximum permissible level of these minerals in fish1 

  
Cu Fe Zn Co Pb Ni 

Mean±SD 
191.8±121.10 6800.0±6650.00 

202.8±177.30 
3.3±0.43 8.6±1.63 

6.3±4.9

1 

Median  149.1 5730.0 122.7 3.0 8.9 4.9 

Minimum  11.5 2434.0 10.17 2.1 4.2 0.3 

Maximum  
523.7 50201.0 

772.8 
3.8 12.0 20.1 

Maximum permissible limit of trace minerals in fish according to some International Standards 

  
20-30 100 30-100 -- 0.2-2 0.5-1.0 

1 Adapted from [37] 
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Moreover, reducing sperm and egg production [34]. The fish liver demonstrated as potential 

storage to accumulate various trace minerals. This potential to preferentially concentrate trace 

minerals in liver over muscle may attributed to elevated reaction rate with metallothioneins exist 

in liver. Therefore, the accumulation of these trace minerals in fish liver, in present study, is 

likely due to the role of liver in storage, metabolism and detoxification [35]. The mechanism by 

which explain the high hepatic Cu and Zn concentrations are mainly attributed to a natural 

binding protein such as metallothionein’s (MT), which has a high affinity to bind with these 

minerals and acts as an essential metal store to attain enzymatic and other metabolic 

requirements. In the same way, Fe tends to store in liver tissues as aresult of the physiological 

role of the liver in blood cells and hemoglobin synthesis [36].  

 

Lead is a persistent mineral which has been characterized as a priority hazardous substance [38]. 

In the present study, the minimum liver concentrations of Pb was 4.2 mg/kg, which is greater 

than maximum acceptable concentration of lead in fish (0.2-2 mg/kg). [39] reported that Pb 

could result in weaken the immune system and increased susceptibility to infections. Nickel 

(Ni) is an essential element for living organisms, it is toxic when ingested in higher quantities. 

Nickel and nickel compounds are also well recognized as carcinogens [40]. The majority of 

liver fish samples were found higher than permissible limit (0.5-1.0 mg/kg). The mean and 

median liver fish Ni concentration were 6.3 and 4.9 mg/kg respectively, while the maximum 

concentration was 20.1 mg/kg. These levels are much greater than permissible limit. According 

to the [41], the Ni exposure may lead to various health disorders such as nickel allergy, contact 

dermatitis, and organ system-toxicity. Liver Co concentrations were within acceptable range 

Mean value of Cobalt in fish livers was 3.3 mg/kg, whereas minimum recorded concentration 

was 2.1 mg/kg, while maximum recorded concentration was 3.8 mg/kg. These values are lower 

than liver Co concentration (5.2-16.7 mg/kg) in common carp fish from farms in central Iraq 

[42]. 

 

Results of the current study were in acordance with the results of [43] whose founds that all 

study minerals in livers of C. carpio were in excess of permissible levels. Similar results have 

been reported that the very high fish liver concentrations of Cu, Zn, and Pb, exceeding 

permissible levels [44]. It is stated that the high hepatic minerals concentration in fish can be 

used as an indication of water contamination by these minerals and monitor the extent to which 

water is polluted. This is due to the fact that the hepatic metal concentration in fish is 

proportional to those in aquatic environment [45]. Water contamination may, in other words, 

cause fish to be contaminated with heavy metals from anthropogenic domestic and industrial 

activities [46]. In addition, the very high hepatic contentration of Cu, Zn, and Pb have been 

attributed to contamination of water by industrial waste from untreated waste of factories along 

the Tigris River in Baghdad-Iraq [44]. The high liver fish concentration of all analysed minerals 

(except Co), with exceeding the maximum permissible limit in most of the studied fishes. These 

may affect fishes and human health safety [4]. A strong correlation has been reported between 

liver minerals concentration and fish meat minerals concentration [47]. Hence, it can be 

suggested that studied fishe are not suitable for human consumption. 

4. CONCLUSION 

The mean and median of analysed livers samples of ovine and bovine slaughtered in Erbil city 

for essatial minerals such as Zn and Co were within normal range. Although, mean and median 

liver Pb concentrations were exceded toxic levels. Checkin liver Cu, Zn, and Co contents were 

adequate based on their mean and median concentrations. While, Fe liver concentration was 

high. Chicken liver Pb concentrations were reached toxic level. The mean and median fish liver 

concentrations for essantial minerals such as Cu, Fe, Zn, Co were higher than the maximum 

premissible concentration of these minerals in fish. In addition, liver fish concentrations for both 

Pb and Ni were also exceded the maximum premissible and resached toxic levels. This study 
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revealed toxic levels of liver Pb and Ni (only in fish) in studied animals in Ebil city. Hence, it 

may be safe to say that high number of these animals are not fit for consumption due to their 

carcinogenic effects on animal and human health. In addition, it also suggests the environment 

and aquatic ecosystems pollution by these heavy metals. 
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