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eavy metals are chemical elements that are poisonous and toxic comprising of both 
necessary and unnecessary trace metals. All aquatic organisms require very low 
amount of these metals yet in case where these values exceed to certain range, 

threshold harmful effects are levied upon the ecosystem. The aim of this study was to 
estimate the bioaccumulation of heavy and trace metals (Cr, Mn, Ni, Fe, Pb, Cu, Cd, Zn) in 
fish using Atomic Absorption Spectrophotometer (AAS). Samples of fish were procured 
from Ghizer and Astore districts of Gilgit-Baltistan region of Pakistan. The concentration of 
Cr, Pb, Cu and Cd were almost same and depicted low tendency of bioaccumulation as per 
WHO guidelines. The fish from Ghizer was having high concentration of Zn and Fe in 
intestine. While the concentration of Fe in muscles and intestine from the Astore species 
was slightly high. The highest concentration of Ni (10.09 ppm) was found in liver tissues of 
rainbow trout, while the lowest concentration (6.74 ppm) was in the fins of fish from Astore. 
In case of Cr, the highest concentration (3.8 ppm) was found in liver from both sampling 
sites, but the lowest concentration (0.24 ppm) was in the muscles of Ghizer Rainbow trout. 
The highest concentration of cu (6.09 ppm) was in the muscles of fish from Astore, but the 
lowest concentration (2.32 ppm) was found in many organs of fish from both study sites. 
Although the concentration of Zn, Mn and Fe were within the limits, however, the highest 
concentration of Pb (0.79 ppm) was in the muscles and the highest concentration of Cd 
(0.38 ppm) was in the skin of Ghizer rainbow trout. Concentration of Lead exceeded the 
limits of FAO/WHO in every organ of fish in both study areas, while all the other metals 
were in the maximum limits. 
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INTRODUCTION 
Heavy metals are chemical elements that are poisonous and toxic comprising of both 

necessary and unnecessary trace metals. All aquatic organisms require very low amount of 
these metals yet in case where these values exceed to certain range, threshold harmful effects 
are levied upon the ecosystem [1]. The presence of heavy metals in the tissue of fishes 
indicate that the aquatic environment is polluted which has been considered a major threat 
to the aquatic organisms [2].In the last few decades, the rapid development of industry and 
agriculture has resulted increased heavy metal pollution which is significant environmental 
hazard for invertebrates, fishes and humans [3]. 

Fishes are the loftiest consumers in the aquatic food web and their body collects 

large quantity of heavy metals [2]. Heavy metals being highly persistent and potentially toxic 

for living organisms, have a particular significance in eco-toxicology [1]. Heavy metals are 

the well-known pollutants of aquatic environment, and these are accumulated in different 

tissues of aquatic organisms. Fishes are the most vulnerable aquatic animals of 

environmental pollution. Therefore, it is necessary to prevent water bodies from 

accumulating water pollutants. Fishes act as bio-indicators of heavy metal pollution in 

aquatic environment [4] that are found at high trophic level and are essential source of food 

[5]. Moreover, fishes are the most important source of protein as well as other essential 

nutrients for balanced nutrition. 

Gilgit Baltistan has enormous freshwater resources. Its rivers, streams and freshwater 

lakes have a wide range of native and exotic fish species. Twenty different species of 

freshwater fish are found in the cold waters of GB including 17 native, three exotic and four 

are endemic species in GB region [6].The exotic species include Rainbow trout. In this 

region, freshwater resources are the main sources to accomplish major necessities of 

biodiversity which include glaciers, springs, rivers, ponds and lakes [7]. In GB, fish species 

are not in large number owing to high water turbidity, speed, low water temperature and low 

benthic productivity [8].  

Major threats for fish in this region are human activities including logging, pesticide 

use, road construction and diversion of water to irrigation channels [9, 10].The status of 

heavy metals and contamination in aquatic ecosystems is currently a significant source of 

concern, because they become poisonous if they exceed permissible limits. Metals enter the 

aquatic system primarily by air deposition, natural weathering, and anthropogenic activities 

such as industrial effluents, domestic sewage, and mining waste disposal [11, 12]. 

Deposition of industrial wastes in rivers, lakes and ultimately into ocean is a 

significant cause of pollution in aquatic ecosystem. Heavy metal accumulation by aquatic 

biota can damage tissues which can have adverse consequences in both aquatic organisms as 

well as in humans [13]. Exposure of aquatic life to the significant amount of heavy metals 

may result in reduced growth and development, reduction of survival chances of fishes and 

can disturb the level of oxygen in aquatic system.  
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 Consumption of heavy metals by humans through fishes and other sources may have 

severe health issues. These metals prove toxic and damage human organs. Effects of toxic 

heavy metals include nervous disorders, birth defects, gastrointestinal infections, kidney 

infections, skin lesion, immune system dysfunction and cancer.  The physical symptoms of 

heavy metal assimilation include nausea, abdominal pain, diarrhea, vomiting, chills, weakness 

and shortness of breath [12, 13].  

Furthermore, histopathological changes in various fish tissues are used as indicators 

of the effects of anthropogenic contaminants and as a reflection of the ecosystem’s health 

[14]. As a result, there is a growing interest in using fish as biological indicators to assess the 

integrity and quality of the aquatic environment [15]. 

The aim of this study is to estimate the concentration of different heavy metals 

accumulated in different organs of fishes studied in this research. The estimated 

concentrations are compared with standard values of heavy metals given by WHO and FAO 

at which aquatic organisms can survive without any health hazard.  

Material and Methods 

Study Site.  

 This study was conducted in two districts of Gilgit-Baltistan namely Ghizer and 

Astore during October 2018 where bio-accumulation of heavy metals in the tissues of 

rainbow trout was determined. Concentration of heavy metals in Ghizer’s rainbow trout was 

compared to Astore.  

 District Ghizer is located in the Hindukash region of Pakistan in the North part of 

Gilgit-Baltistan, between latitude 36o N to 37oN and longitude 73oE to 74oE having total area 

of 12042 km2 with the estimated elevation above sea level is 3661 meters. The region is 

divided into four tehsils i.e. Gupis, Iskoman, punial and Yasin [16]. Iskoman valley is the 

beautiful and scenic valley of this district which is located at the distance of 140 km from 

Gilgit capital city and 65 km from Gahkuch. The valley is gifted with natural beauty in the 

form of alpine meadows, massive glaciers and perennial streams with high mountain valley 

surrounded by snow caped peaks at the altitude from 7000 to 12000 ft in the Hindukush and 

Karakorum Ranges while the highest peak near Ishkoman is Shiniki peak that can be visible 

from Ishkoman Valley. 

 District Astore is one of the famous places in Gilgit-Baltistan region, which is 

located in the North of Pakistan. It is located at a distance of 60 km in the Southeast of 

Gilgit and about 484 km far from Islamabad the capital city of Pakistan. Total area of this 

district is about 7221 km2 and the total population of this area is 100400.This district is 

divided into two tehsils i.e. Astore and Shounter. The people of the area depend upon 

agriculture and livestock farming for their livelihood while they also earn money from 

seasonal activities. The climatic conditions of the area vary from season to season i.e.in 

summer season the temperature is not very hot and the overall area has moderate climate, 

whereas the winters are very cold with heavy snow fall in the region. 
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Figure1. Map of study area 

Sampling of Fish.  
The fish samples were taken from different fish farms located in the districts. Twenty 

samples were taken from the districts. Fish were captured from the fresh water of study sites 
using a hand net with the help of local fisherman. The height and location of study sites were 
recorded with the help of digital GPS. For further analysis, samples were brought to the 
research laboratory, Department of Environmental Sciences, Karakoram International 
University, Gilgit. 
Laboratory Treatment and Analysis of Fish Samples 

Digestion.  

Before the analysis of samples, body weight and length of each fish sample were 

measured with the help of weighing balance. The samples were dissected, and different 

organs of fish (muscles, intestine, fins, gills, liver, and skin) were separated in the labeled 

plastic crucibles. Samples were washed thoroughly with distilled water. All the samples were 

air dried for 24 hours at 10oC temperature in the oven then ground with the help of grinder 

machine. The fish samples were digested by the method used Podolski [17].This involves 

digestion of 10g part of ground samples with 10mL HNO3 and 2mL HClO4 and was heated 

for one hour on a hot plate until all material was dissolved. After complete digestion, the 

residue was dissolved and diluted with 0.2%V/V HNO3 to 100mL with distilled water. 

Digested samples were filtered using whatsman filter paper (size). Digestate was stored in a 

pre-cleaned polyethylene vials until further analysis. 

Preparation of stock solution.  

Standards of Zn, Cu, Fe, Mn, Pb, Ni, Cd and Cr were obtained from the Department 

of Agriculture & Food Technology laboratory and concentration was made as1000 ppm. 

Before analysis of fish samples for heavy metals, 100 ppm stock solution was prepared 

from1000 ppm solution. 

Sample Analysis.  

Heavy metals in all the digested samples were analyzed at the Hi-tech Laboratory of 

the Department of Agriculture & Food Technology, Karakoram International University, 
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Gilgit, using Atomic Absorption Spectrophotometer (Varian AA55). Prior to analysis, the 

instrument was calibrated using standard solutions already prepared in the Laboratory of the 

Department of Chemistry. The absorption wavelength of the selected heavy metals Zn, Cd, 

Mn, Pb, Cr, Fe & Ni were noted and results were presented as mean values. The information 

assimilated for statistical analysis of data was carried out using MS excel in tabulated form 

afterward transferred to MS word used to evaluate the concentration of heavy metals in the 

various body organs of fish. 

Result and discussion.  

Concentration of Heavy Metals in Body Organs of Rainbow Trout Fish. This study 

showed significant variation of concentration of heavy metals (Cu, Fe,Cr,Cd,Mn,Zn,Ni, Pb) 

in liver, gills, muscles, intestine, fins and skin of trout fish collected from the areas of Ghizer 

and Astore. Mean concentration of Zn, Fe, Cr, Cu, Cd, Ni, Pb and Mn in Astore’s fish 

tissues were in the following range of 7.45-10.09 ppm, 0.26-0.38 ppm, 2.32-6.09 ppm, 2-5 

ppm, 0-1ppm,1-6 ppm,0.42-0.62 ppm and 0.25-0.30 ppm, respectively. Figure 2 illustrates 

the mean concentration of several metals in different organs of fishes studied in two 

different areas i.e, Astore and Ghizer. The order of heavy metal concentration in the 

Astore’s fish samples decreased in the sequence for gills as Mn > Cd > Cr > Pb > Fe > Zn 

> Cu >Ni,for the Muscles as Mn > Cr > Cd > Pb > Zn > Fe > Cu >Ni, for the liver asMn 

> Cd > Cr > Pb >Zn > Fe > Cu > Ni, for the intestines as Cd > Cr > Pb > Mn >Zn > Cu 

> Fe> Ni, for the skin as Mn >Cd > Cr >Pb >Fe > Cu > Zn > Ni, for the Fins as Cd > Cr 

> Pb > Mn > Zn > Cu > Fe >Ni. While the average concentration of heavy metals in the 

samples, caught from Ghizer were in the range of 6.74-10 ppm, 0.24-0.65 ppm, 2.32-5.25 

ppm, 1-12 ppm, 0-1ppm, 1-14ppm, 0.45-0.79 ppm and 0.29-0.38 ppm. Furthermore, the 

trend of distribution of heavy metals in the Ghizer, fish samples reduced in the sequence for 

the gills as Mn > Cd > Cr > Pb >Fe > Cu > Zn >Ni, for the muscles as Cr > Cd > Pb > 

Mn > Fe > Zn > Cu > Ni, for the liver as Mn > Cd > Cr > Pb > Zn > Cu > Fe > Ni, for 

the intestines as Cr > Cd > Pb > Mn > Cu Ni > Zn > Fe, for the skin as Mn > Cr > Cd > 

Pb > Fe > Cu > Zn > Ni, for the fins as Cd > Pb > Cr > Mn > Cu > Fe > Zn > Ni. 

 

 

 

 

 

 

 

Figure 2. Concentration of heavy and trace metals from Astore and Ghizer regions 
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The current study revealed the concentration of heavy metals in the different organs 

of rainbow trout from Astore and Ghizer. The determination of heavy metal concentration 

in the tissues of fish is a good indicator of pollution status in aquatic environment [18]. The 

result of this research indicated that all the heavy metals were found in little amount, except 

Pb which was detected in higher amount in all the parts and tissues of fish procured from 

both the sampling sites. 

Comparison of Heavy Metal Concentration in Various Organs of Rainbow Trout.  

 Nickel is also an important element and found in soil, air, water and biosphere. This 

element is essential for living organism, when it is in small amount, but the high amount of 

nickel is dangerous for human and can cause chronic lung cancer, respiratory failure, nose 

cancer, asthma, birth defects, and cause many other diseases [19].The sources of nickel 

emission include  mining effluents, domestic effluents, industrial effluents, leaching of heavy 

metals from solid waste dump and garbage [20].The results of this study investigated that the 

mean highest concentration on Nickle was found in the liver and skin from both sampling 

sites (Figure 2a). The highest concentration in liver was (10.09-9.91 ppm), while in skin the 

concentration was (10-9.95 ppm) from both sampling sites, While the lowest concentration 

was in the fins (6.74 ppm) of Ghizer rainbow trout. The sequence of distribution of metals 

in different organs of rainbow trout from both sampling sites were Liver >Skin > Gills 

>Intestine > Muscle > Fins, although the concentration of Nickle was within the limit of 

FAO/WHO [21]. Figure 3 shows the mean concentration of copper in different organs of 

fishes.  

Chromium is highly toxic for fish when it enters the body of fish its body surface is 

covered with mucus, which harms gill epithelium and sudden death is occurred due to 

suffocation. The traces of chromium in various organs of Rainbow trout from both sites 

varied from 0.65 to 0.24 ppm (Figure 2b). It was detected that the amount of chromium in 

different organs was varied from one organ to another from both the Districts. The highest 

and lowest concentration of Cr was detected in the fins (0.65 ppm) and muscles (0.24 ppm) 

of Ghizer rainbow trout fish, however the concentration of Cr in all the organs of fishes 

from both sites were within the limit of FAO/WHO. Uwem et al [22] conducted a study on 

fresh water fishes in Nigeria, they investigated that the maximum and minimum 

concentration of Cr that varied from 0.35 μgg-1 to 0.03 μgg-1 in different fresh water fish 

species. 

Table 1.Comparison of heavy metal concentration in different organs of Brown trout from 
district Astore and Ghizer 

Metal 
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Cr 0.2 0.4 0.2 0.2 0.3 
0.4
0 

0.4
5 

0.3 0.2 0.4 0.2 0.4 1 

Cu 2.4 2.4 2.3 2.5 2.4 2.4 2.3 2.3 3.6 2.3 2.2 
2.4
2 

2 

Zn 2 1 1 2 5 2 7 1 3 12 3 5 NA 
Mn 0 0 0 1 0 1 0 1 0 1 0 1 5.5 
Fe 1 5 2 6 2 3 1 1 8 14 1 4 43 

Pb 
0.4
9 

0.47 0.49 0.39 0.48 
0.4
8 

0.3
9 

3.72 0.49 0.54 0.52 
0.4
7 

1 

Cd 0.3 0.2 0.3 0.3 0.3 0.2 0.3 0.4 0.35 0.3 0.3 0.2 0.2 

Copper is an indispensable element and play avital role in enzyme activity and other 
cell components having an important role in the formation of hemoglobin [23]. But the 
abundance of copper in human body is lethal and cause health hazards to human as well as 
animals. Excessive intake of Cu will be source of food poisoning, nausea, acute stomach pain 
diarrhea and fever. The National Council Research Center has computed that up to 1.5-3.0 
mg daily intake of copper would be safe and adequate [24]. While the current study 
investigated that the highest concentration of copper was in muscle tissues (6.09 ppm) in the 
Astore rainbow trout, while in Ghizer rainbow trout the highest concentration of Cu was in 
Liver (5.25 ppm) (Figure 2c). Liver is the largest organ for the accumulation of heavy metal 
whereas all the tissues contain the maximum level of copper from both the study areas. The 
accumulation of copper among the fish tissues was determined in both sites in the 
decreasing order of Muscle > Liver > Intestine > Fins > Skin > Gills. The permissible limit 
for cu set by FAO/WHO is (30 ppm), so the concentration of copper in this study was 
within the permissible limit. 

 
Figure 3: Concentration of copper in different organs of fishes in ppm.  

Zinc is also an essential metal and required in a small quantity for a body to perform  
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a normal metabolic function. When the concentration of Zinc is in excess it is harmful for 

living organisms as well as fish [25]. However, the data of the current study determined that 

the maximum concentration was present in intestine (12 ppm) of Ghizer rainbow trout 

(Figure 2d). While the lowest concentration was in the different organs of fish (1ppm) from 

both the study areas. The accumulation pattern was in order of Intestine > Gills > Fins > 

Skin > Liver > Muscles. Concentration of Zinc in the present study was found lower than 

the permissible limit reported by FAO/WHO. 

Manganese is an essential metal and its low level is necessary for human, when it is 

found in excess amount it can induce oxidative stress and toxic effect in aquatic organism 

[26]. In this study, the concentration of Mn was not detected in many organs from both 

districts, while some organs contain a little amount of Mn in intestines, fins and muscles 

from both areas and the concentration were within the limit of FAO/WHO (Figure 2e). 

According to [22], concentration of Mn in freshwater fish was below the standard limit of 

0.7μgg-1 reported by Charbonneau [27]. 

Iron is the fourth plentiful component in the earth’s atmosphere. In water, it is 

present in the form of ferrous or ferric state [28]. It is assumed as one of the essential metals 

due to its biochemical and physiological role in hemoglobin synthesis and as cofactor of 

many enzymes [29]. However, high amount of Fe in living organism can increase the level of 

Fe [30]. The maximum concentration of iron in the current study were (14 ppm) in the 

intestine of Ghizer rainbow trout, while the lowest concentration was in various organs of 

fish from both study sites of current study (Figure 2f). The standards set by FAO/WHO are 

43 ppm and the results of the current study fall within this limit. So, the current study 

revealed that lead (Pb) is the only element that exceeds the standards set by FAO/WHO. 

Lead is one of the non-essential elements for living organism and can cause 

neurotoxicity in human being. The result of the current study revealed that the highest mean 

concentration of Pb was 0.79 ppm, which was found in the muscles of Ghizer rainbow trout 

fish, while the lowest concentration was in the gill (0.42 ppm) of Astore Rainbow trout 

(Figure 2g). From both sampling sites the order of Pb accumulation was, muscle > liver 

>intestine > Skin >fins>gills. WHO suggested that the dietary Pb should not exceed 0.3 

μg/g and a recommended limit of 450 μg of Pb per day for adults [31].The concentration of 

Pb were high in all the organs according to permissible level of FAO/WHO limit (0.3 ppm). 

Figure 4 shows the concentration of Lead in different organs of fishes in ppm. 
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Figure 4: Concentration of lead in different organs of fish in ppm.  

Cadmium is the poisonous and non-essential element in food and natural water and 

mostly this metal is accumulated in the liver and kidney of fishes [32] and is considered lethal 

and cause chronic lung diseases, kidney damages, high blood pressure and destruction in the 

formation of red blood cells etc. This study investigated the highest concentration of Cd 

(0.38 ppm) in the skin of Ghizer Rainbow trout, while the minimum concentration was in 

the intestine (0.25 ppm) of Astore trout (Figure 2h).However, all the organs of both the 

sampling sites have maximum level of cadmium which was within the permissible limit of 

WHO/FAO (0.5ppm). 

Concentration of Heavy Metals in Body Organs of Brown Trout Fish.  

Heavy metals in fresh water that is used by brown trout (Salmo trutta fairo) in District Ghizer 

and Astore were assessed. Amount of heavy metals in different parts of Astore trout are 

summarized in Table 1.Heavy Metal Concentration Comparison in Various Organs of 

Brown Trout. Heavy metals are formed from both natural and manmade activities [33].In 

aquatic environment, contamination of heavy metals come out through agricultural 

discharges, weathering of rocks, municipal discharge, industrial waste etc. [34]. Amount of 

heavy metals in various organs of Brown Trout is as under: 

Nickel is a crucial metal that is present in air, soil and water, also occur in biosphere. 

Nickel is released into atmosphere through natural cycles and anthropogenic practices. 

Nickle is accessible in natural environment and it is also released by industries. In the current 

study, the amount of nickel is maximum in the gills (10.22 ppm) followed by intestine (10 

ppm), liver (9.9 ppm), muscles (9.8 ppm), skin (8.8 ppm) and fins (7.6 ppm). Pollutants can 

also be discharged into the environment by coal and oil-fired power plants [35].  Ni forms 

complexes with ligands in atmosphere turning into a heavy metal. Whereas, in most 
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organisms nickel is an important component if it is in small quantity. While when its quantity 

is increased, it becomes poisonous [36]. Nickel can also cause respiratory issues declared by 

medicinal institution [37].The concentration of Ni falls below the permissible limits of 

WHO/FAO (80ppm) in all organs of Brown Trout. 

Chromium is also a necessary nutrient metal, which is essential for carbohydrates 

metabolism [38]. Cr enters aquatic environment through different methods like (mining, 

textiles, metal finishing leather tanneries pharmaceutical industries etc. WHO [39] Reported 

Lead in close water reservoirs has been as a result of poor treatment of industrial and other 

effluents, where it is generally present at harmful levels for fish. [40]. Hexavalent chromium 

and Oxidation state trivalent chromium are stable forms of Cr. Hexavalent chromium has an 

ability to cross cell membrane and considered to be more poisonous [7].The chromium in all 

the organs of Brown Trout is found below the set standards of WHO/FAO (1 ppm). 

Copper being key constitution of metabolic enzymes, is a vital trace metal for cellular 

metabolism in organisms [41]. On the other hand, it can be very harmful when it is in high 

amount and go above the maximum level [42]. Copper Sulphate is used in recreational and 

commercial ponds to control growth of phytoplankton and filamentous algae and diseases of 

fish [43].  In the current research, gill and some other tissues of fish copper was detected. 

Copper is also found below the WHO/FAO (3ppm) guidelines in all organs of Trout Fish. 

Zinc is a rich trace metal and is essential heavy metal even if it is present in very low amount 

in living organism. It is involved in nucleic acid synthesis and present in each cell of the 

body. It is also involved in many other functions like neurotransmission, immune system and 

in medicines the Zn its compounds are widely used [44]. Figure 5 illustrates the 

concentration of zinc in different organs of fishes in ppm. The concentration of Zinc was 

lower than the permissible limit set by WHO/FAO. Common sources of Zn include 

galvanized ironwork, zinc chloride used in plumbing and use of Zn containing paints [45]. 

 
Figure 5: Concentration of Zinc in different organs of fishes in ppm.  
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Mn can be consumed through water and food resources. Mn does not enter into the 

skin, and it does not get mixed into the air. As a result, swimming and showering in Mn-

containing water does not contribute to increase the exposure. High contact to Mn has been 

linked with toxicity to the nervous system and syndrome producing. Mn can also be the 

cause of other diseases like cancer, and it also damage the reproductive system. As compared 

to the elder, younger children absorb more Mn. So, it is important for children and pregnant 

women to drink clean water. One of the big problems of water resources is water pollution. 

Infected rivers have broad impacts; a little manure/chemical fall can have an uneven effect 

on animals as well as people through harvesting and storage of rainwater in water tanks, 

runoff may be reduced. The concentration of Mn also falls below the standard set by WHO 

(5.5 ppm). 

Iron is common part of mining and industrial effluents that is released into fresh 

water. Liver and gonads show the highest concentration of iron while the heart, muscle and 

liver show the low concentration [46]. In recent times [47], it is found that the mark organ 

for iron is the fish liver.  Feasible method for iron poisoning is physical blockage of gill 

through accumulation of metals. For the reason that the surface of fish gill tends to be 

alkaline, respiration is slow down when gills are cover by mucus [48]. Figure 6 illustrates the 

concentration of iron in different organs of fish in ppm. The high concentration of Fe can 

cause serious effect on fish by blocking and reducing its gills which spoil the respiratory 

system consequently it causes sudden death. 

 
Figure 6: Concentration of iron in different organs of fishes in ppm. 

 The increased content of iron compound has a significant impact on fish. Fe was 

found below the permissible limits of WHO/FAO (43ppm) in the body parts of Trout Fish. 

Concentration of iron in organs of fish is below the WHO permissible limit (4ppm).Lead is a 

constant and naturally occurring heavy metal. The concentration of lead in environment is 

increased by anthropogenic activities like (Pb-based paint, manufacturing of mining etc) [49]. 

Pb may emitted in water through industrial effluents and discharges, when lead dust falls out, 
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through precipitation, through pesticides which contain lead, runoff or through waste water 

of municipal [50]. 

 The amount of lead is mostly dependent on its absorption into the natural organic 

matters, into the sediments, on the hardness, alkalinity and pH of water. Aquatic organisms 

bio-accumulate Pb from water and diet, even though there is proof that Pb deposition is 

originated from polluted water as compared to food. In gills, kidneys, liver and digestive 

tract lead is accumulated [51] while the concentration of lead in fish organs is below the 

WHO permissible limit. While the muscles exceed WHO limit. 

Cadmium is nonessential trace metal which occurs naturally. Environmental distress 

is increased when Cd affinity to bio-accumulate in living organisms up to a dangerous level 

[52]. During 20 century Cd manufacture, Cd use and emission have increased to the 

environment considerably, due to industries for example (uses of plastic stabilizers and 

batteries etc.) and pollution of aquatic life. The contamination of water is also occurred due 

to the use of fertilizers, pesticides, sewage mud in land, agricultural chemicals which contain 

cadmium [53, 54]. As a non-degradable increasing impurity, Cadmium is considered capable 

of changing water trophic levels for centuries. In freshwater fishes, about 75% heavy metals 

are accumulated in gills, kidney and liver, and also accumulate in hearts and other organs 

then cause changes in liver, gills and kidney. Figure 7 illustrates concentration of cadmium in 

different organs of fish in ppm. The cadmium in the body organs of Trout Fish exceeded 

the standards set by WHO/FAO (0.2 ppm). 

 
Figure 7: Concentration of cadmium in different organs of fish in ppm. 

Conclusion 
This study concludes that some heavy metals were accumulated in a few organs of 

Brown Trout Fish. Results revealed that fish organs contained the maximum level of heavy 
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metals. Concentration of nickel is high in all the organs of Brown Trout from both the 
sampling areas. Fe and Zn was found higher in the intestine of fish from Ghizer than those 
from Astore. The concentration of Pb (3.72ppm), Cd (0.37ppm), Cu (2.35 ppm) were 
exceeded the standard limit set by WHO/FAO.While the concentration of Cu is exceeded 
from WHO limit (2ppm) in all organs of Brown trout from both sampling areas. This 
research clearly showed the significant buildup of metals in organs of fish. Consumption of 
heavy metal contaminated fish should be monitored and avoided to refrain from adversative 
health effects. Overall contamination of  heavy metals was due to natural process but there 
were certain anthropogenic causes of  contamination such as open use of  water resources for 
washing purpose, domestic use and addition of  sewage water directly in water resources 
without proper treatment etc. The concentration of  Lead (Pb) dominated all the studied 
metals and has exceeded the permissible value of FAO and WHO in all organs of fish from 
both areas of sampling, while all the metals in the various body organs of Astore and Ghizer 
fishes were within permissible values prescribed by FAO/WHO. 
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