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Abstract 

Heavy metals are defined as any metallic element that is toxic or harmful at low 

concentrations and have an atomic weight greater than 40 and a sufficiently high 

density between 3.5 and 7 g/cm3. Aquatic ecosystems and human health are under 

great risk due to the substantial human-caused contamination of aquaculture 

systems and the environment with heavy metals. The purpose of this study was to 

determine the levels of heavy metals present in various organs- including 

intestine, liver, muscles and gills of freshwater fish Mulley (Wallago attu) that 

were purchased at the Board Bazar, a local fish market in Peshawar, Khyber 

Pakhtunkhwa, Pakistan as well as the potential health concerns to humans. In the 

current study, three samples (n=3) of Wallago attu have been collected from the 

local fish market (board bazaar) in Peshawar, Khyber Pakhtunkhwa, Pakistan to 

determine the accumulation of the Ni, Cd, Zn and Pb in key organs (gills, Liver, 

Intestine and muscles) by employing Atomic Absorption Spectrometry (AAS. To 

assess the health implications for both fish and humans, bioaccumulation factors 

and health assessments were performed. The findings revealed elevated 

concentrations particularly in the muscles and liver, the trend was Pb > Zn > Ni 

> Cd. On the other hand, gills show Zn > Ni > Pb > Cd trend and intestine shows 

Zn > Pb> Ni > Cd trend. Zinc was found to be the most bioaccumulated metal, 

while Cadmium had the minimum concentration across all the studied organs of 

Wallago attu. Muscles were the target organ for Ni, Cd, and Pb accumulations. 

Zn, however, exhibited higher concentration in the gills. Results indicated that 

elements accumulated in the tissues of Wallago attu typically didn’t surpass 

WHO/FAO recommendations maximum allowable level and implying no 

contamination and less potential risk to humans. However, it is recommended that 

heavy metals be continuously monitored to guarantee the safety and health of 

human consumption. 

Keywords: Bioaccumulation, Wallago attu, Heavy Metals, Atomic Absorption 

Spectrophotometer. 
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Introduction  

The consumption of fish has increased dramatically worldwide in 

recent years, particularly as more people are aware of the nutritional and 

health benefits of fish. Fish is a great source of protein and is also a good 

supply of vital minerals, vitamins, and unsaturated fatty acids (Bawuro et 

al., 2018). Fish and its products are vital in many aspects of a human diet, 

particularly for people who avoid red meat, have compromised immune 

systems, are undernourished, pregnant, or nursing (Zaghloul et al., 2024). 

According to the American Heart Association (AHA), including seafood 

in the diet two or more times a week can contribute significantly to 

meeting the body’s omega-3 fatty acid requirements fatty acid 

requirements. Between 1997 and 2020, it is expected that the fish 

consumption in emerging countries will grow by 57%, increasing from 

62.7 million tons to 98.6 million tons (Lana et al., 2014). However, fish 

contamination with heavy metals has raised serious concerns worldwide 

and is dangerous to human health. Evaluating the levels of heavy metals 

in fish species of economic importance is crucial for both environmental 

and public health monitoring because fish can absorb these metals via their 

diet, the surrounding water, and sediment. Consuming fish in excess or 

incorrectly is likely to have detrimental consequences on human health 

(Huang et al., 2018).  

One of the main causes of environmental pollution in the world is 

heavy metals. As a result of industrial development, hazardous materials 

have been released into the environment. Once fish enter aquatic 

environments, heavy metals can build up in a variety of fish organs 

because of their stability and persistence.  Fish physiology can be affected 

by the most prevalent heavy metals (HMs) that can contaminate the 

environment: chromium, arsenic, mercury, cadmium, lead, copper, and 

nickel. Damage to the structure and altered function of fish organs are 

caused by metal accumulation. Histopathological signs, oxidative stress, 

and modifications in transcriptional gene regulation are all experienced by 

fish exposed to heavy metal contamination (Kumar et al., 2023).  

Heavy metal contamination in aquatic foods has received 

particular interest because of their capacity to collect food sources from 

the surrounding environment. Adsorption through tissue or skin, lipophilic 

tissues like gills, food particles they consume, suspended particulates they 

acquire from the water, and contaminated water are all common ways for 

fish to absorb toxic substances (Noman et al., 2022). Cu, Fe, Co, and Zn 

are among the elements that are crucial for fish growth and metabolism29; 

however, when their concentrations rise above the toxicity threshold, they 

may become hazardous (Xu et al., 2020). However, even at low 

concentrations, non-essential elements including Cd, As, Hg, and Pb have 

https://pubmed.ncbi.nlm.nih.gov/?term=Zaghloul%20GY%5BAuthor%5D
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been linked to health problems in people in addition to being detrimental 

to aquatic life (Chowdhury et al., 2018). Research indicates that the extent 

of metal accumulation and its distribution across fish organs is largely 

species dependent. Other contributing variables includes the fish’s age, 

sex, size, reproductive phase, locomotion patterns, feeding behavior and 

habitat (Bawuro et al., 2018). 

It is the first study on Wallago attu that is sold at the Peshawar, 

Pakistan, board bazaar.  Wallago attu has economic significance and is 

edible.  The health of fish is impacted by heavy metals, which eventually 

lead to complications for humans. The discharge of agricultural effluents 

and household wastes introduces substantial amounts of heavy metals in 

water bodies. Consequently, a study was required to examine the levels of 

heavy metals in Wallago Attu.  Thus, these were the objectives of the 

current study: 

• To examine heavy metals in Wallago Attu's bodies. 

• To investigate bioaccumulation of heavy metals in various organs of 

fish. 

• To raise public awareness regarding the harmful effects of heavy metal 

exposure. 

Methodology 

Study Area 

Fish from Board Bazar, a neighborhood fish market in Peshawar, 

which is situated at 34°N latitude and 71°E longitude, 350 meters above 

sea level, and has a subtropical climate, were used in the study (Ahmad et 

al., 2019). The fish available at the local fish market (board Bazar) in 

Peshawar were sourced from Kabul River and other rivers around 

Peshawar. 

Fish Collection Procedure 

Three adult Wallago attu samples of the same size were brought 

from board bazar Peshawar, Pakistan. After being brought to the lab, fish 

samples were cleaned using distilled water.  

Fish Identification 

The keys developed by Mirza and Sandhu (2006) for the 

identification of freshwater fishes and (Talwar & Jhingran, 1991) for the 

identification of Asian fishes were used to identify the collected fishes. 
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Fish Dissection 

Prior to being dissected on a sterile glass surface, fish of 

comparable size were rinsed with distilled water. A stainless-steel knife 

was used to remove the appropriate tissues. Sections of the liver, gut, gills, 

muscles and skin were measured. A one-gram sample was taken from each 

tissue and put into a volumetric flask.  

Digestion of Tissue 

To check for heavy metals such as Ni, Cd, Pb, and Zn, the tissue 

samples were digested. After being thawed, tissue samples were washed 

with distilled water. Blotting factors were then used to blot the samples. 

Flasks were washed using distilled water and subsequently oven-dried at 

60°C for 30 minutes before transferring the tissue samples. Each flask was 

then filled with 10 milliliters of nitric acid, wrapped in aluminum foil, and 

allowed to sit at room temperature for a full day.  Following that, the flasks 

were put in a drying oven and left to digest for an hour at 160°C, producing 

a clear and transparent solution. Completion of digestion was signaled by 

the appearance of dense white vapors succeeding the release of brown 

fumes. Following digestion, the samples were allowed to cool before being 

diluted with thirty millimeters of distilled water. After passing through 

Whatman filter paper, the samples were placed in clean plastic bottles for 

storage. To detect heavy metals, all the tissue samples that were kept in 

bottles were taken to the University of Peshawar's major research 

laboratory (see Figure 1). 

 

 
Figure 1: Tissues kept in bottles. 
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Atomic Absorption  

An Atomic Absorption Spectrophotometer (Spectra AA—700 

Varian, Australia) was employed to quantify the levels of Ni, Cd, Pb and 

Zn in the tissue specimens. Sigma-Aldrich/Merck approved reference 

solutions were used to calibrate the instrument. To remove contaminants, 

distilled water was used as a blank sample prior to analysis. A series of 

standard solutions were made by diluting stock solutions in order to 

generate calibration curves. To create calibration curves, stock solutions 

were diluted to create a series of standard solutions. For each metal, a five-

point calibration curve was created, guaranteeing an accuracy R2 value of 

> 0.99. To check for instrument drift, quality control samples were 

examined every five sample readings. The equipment was run with 

optimal parameters, such as the wavelength, slit width, and lamp current 

for each metal. 

Statistical Analysis 

Three separate analyses were performed on each sample, and the 

findings were expressed as mg/L. Following data analysis, the mean ± S.E. 

was calculated using the mean and standard deviation calculation.  

Results and Discussion 

Heavy Metals Concentration in Wallago attu Specimen 1 

The concentrations of Nickel (Ni), Cadmium (Cd), Lead (Pb) and 

Zinc (Zn) were analyzed in Wallago attu's intestine, muscles, liver, and 

gills (Table 1). In the Wallago attu specimen 1, the levels of Ni were higher 

in the intestinal tissue (0.168) than in the gills (0.109), muscles (0.069), 

and liver (0.115). In contrast, the gut had a greater quantity of Cd (0.063). 

In contrast, the gills had a higher Pb concentration (0.93) than in the 

muscles (0.46), liver (0.29), and intestine (0.86). Zn also displayed a 

higher quantity in the gut (2.034), like Ni and Cd. 

Table 1: shows the actual concentrations of heavy metals in Specimen-1 of 

Wallago attu. 
Heavy metals (mg/L) Gills Muscles Liver Intestine 

Ni 0.109 0.069 0.115 0.168 

Cd 0.044 0.042 0.033 0.063 

Pb 0.93 0.46 0.29 0.86 

Zn 0.986 0.336 0.791 2.034 

Heavy Metals Concentration in Wallago attu Specimen 2 

The average levels of Ni, Cd, Pb and Zn were analyzed in Wallago 

attu's intestine, muscles, liver, and gills (Table 2).  Higher concentrations 

of Ni were found in the gills (0.191), liver (0.183), intestine (0.112), and 
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muscles (0.099) of specimen 2 of the Wallago attu species.  The content 

of Cd in the gills was greater (0.071).  In a similar vein, gills had a greater 

quantity of Pb (1.40).  Zn exhibited a greater quantity in the gills (0.797), 

like Cd and Pb. 

Table 2: Actual concentrations of heavy metals in Specimen-2 of Wallago attu. 

Heavy Metals Concentration in Wallago attu specimen 3 

Specimen 3 of Wallago attu was measured and contrasted the real 

concentrations of Ni, Cd, Pb, and Zn in the intestine, muscles, liver, and 

gills (Table 3). The intestine had a higher concentration of Ni (0.214) than 

the gills (0.191), muscles (0.165), and liver (0.140), while the intestine had 

a higher concentration of Cd (0.063), followed by the gills (0.053), 

intestine (0.048), and liver (0.038). Pb was found to be more concentrated 

in the gills (1.54), and Zn was similarly higher in the intestine (0.955). 

Table 3: Actual concentrations of heavy metals in Spiceman-3 of Wallago attu. 
Heavy Metals (mg/L) Gills Muscles Liver Intestine 

Ni 0.191 0.165 0.140 0.214 

Cd 0.053 0.063 0.038 0.048 

Pb 1.54 1.00 1.02 1.05 

Zn 0.856 0.394 0.751 0.955 

Average Heavy Metals Level in various organs of Wallago attu 

Figure 2 and Table 4 show the comparison of average heavy metal 

concentrations and their standard errors across various organs of Wallagu 

attu. The intestine and gills had a higher mean Ni concentration 

(0.16±0.2), followed by the liver (0.14±0.01) and muscles (0.11±0.02).  

The gills had the highest mean concentration of Cd (0.06±0.01), followed 

by the liver (0.04±0.002), gut (0.05±0.01), and muscles (0.05±0.01).  The 

gills had the highest mean Pb concentration (1.29±0.18), followed by the 

liver (0.74±0.22), muscles (0.82±0.18), and gut (0.91±0.07).  The gut had 

a higher mean zinc concentration (1.2±0.38) than the gills (0.87±0.05), 

liver (0.78±0.01), and muscles (0.35±0.02).  

Table 4: Comparison of the average concentration of heavy metals in several 

organs of wallago attu based on in terms of Mean ± SE. 
Heavy Metals (mg/L) Gills Muscles Liver Intestine 

Ni 0.16±0.02 0.16±0.02 0.11±0.02 0.14±0.01 

Cd 0.05±0.01 0.06±0.01 0.05±0.01 0.04±0.002 

Pb 0.91±0.07 1.29±0.18 0.82±0.18 0.74±0.22 

Zn 1.2±0.38 0.87±0.05 0.35±0.02 0.78±0.01 

Heavy Metals (mg/L) Gills Muscles Liver Intestine 

Ni 0.191 0.099 0.183 0.112 

Cd 0.071 0.037 0.041 0.045 

Pb 1.40 1.00 0.93 0.82 

Zn 0.797 0.323 0.798 0.809 
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Figure 2: Average Heavy Metal Comparison. 

Table 4: Comparison of the average concentration of heavy metals in several 

organs of wallago attu based on in terms of Mean ± SE. 
Heavy Metals (mg/L) Gills Muscles Liver Intestine 

Ni 0.16±0.02 0.16±0.02 0.11±0.02 0.14±0.01 

Cd 0.05±0.01 0.06±0.01 0.05±0.01 0.04±0.002 

Pb 0.91±0.07 1.29±0.18 0.82±0.18 0.74±0.22 

Zn 1.2±0.38 0.87±0.05 0.35±0.02 0.78±0.01 

Discussion 

As far as we are aware, we carried out the initial assessment of 

heavy metals accumulation in fish bodies using Wallago attu, a type of 

market fish that is sold at Board Bazar in Peshawar, KP, Pakistan. Wallago 

attu was selected due to its favored nutrition and economic significance in 

the region. However, as the heavy metals under study include runoff from 

homes and farms, their selection was based on the presumed concentration 

levels in the study area. The intestine, muscles, liver, and gills were all 

tested for heavy metals (Ni, Cd, Pb, and Zn). 

According to the Plaskett and Potter (1979), The Western 

Australian Food and Drug Regulations establish an acceptable Ni level of 

5.5 mg/kg wet weight. All tissues had Pb concentrations below the 

threshold limit, according to the amount discovered. The Food and Drug 

Administration (USFDA, 2001) suggested a Cd content limit of 0.05–0.1 

mg/kg for fish, while Eu established the Cd limit (2008). Based on the 

levels discovered, the Cd values in all fish tissues were below the threshold 

limit. According to the WHO (WHO, 1989) and FAO (Nauen, 1983), the 

highest lead levels that can be present are 0.5 and 2 mg/kg, respectively. 

Pb concentration in all fish tissues were below the WHO threshold limit, 

according to the results obtained (WHO, 1989). 

The FAO/WHO states that 30 mg/kg of zinc is the highest amount 

that can be consumed by humans. Zinc contents in all fish tissues were 

below the WHO threshold limit, according to the results obtained (WHO, 

1989). The bioaccumulation of heavy metals in fish is influenced by 

various factors such as diet, ambient temperature, water hardness, pH, 
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salinity, age, sex and interactions between different metals (Mance, 1989; 

Hakanson, 1980). 

Concentration of Ni in Studied Organs of Wallago attu 

The 22nd most abundant element, nickel (Ni), is found in both fresh 

water and marine environments. Aquatic systems that get inputs from 

industrial and urban effluents see an increase in nickel content. It is 

commonly known that plants and land animals require nickel as a nutrient, 

whereas aquatic creatures do not. Nonetheless, there is growing evidence 

that Ni is most likely necessary for the fish. Fish can absorb nickel through 

their gills or olfactory epithelium when exposed to water or through their 

digestive tract when exposed to food. Nickel is carried throughout the 

fish’s bloodstream while attached to albumins and short peptides, and it 

preferentially builds up in the kidneys (Pyle et al., 2011). 

The mean Ni concentration in our study was highest in the gut and 

gills (0.16±0.2 mg/L), followed by the liver (0.14±0.01 mg/L) and muscles 

(0.11±0.02 mg/L). Same as our study (Al-Ghanim et al., 2016) have 

reported the Ni concentration among different tissues of Wallago attu 

collected from three sites: Kalabagh, Chashma and Kundian along the 

Indus River in Mianwali, Punjab, Pakistan. And the order of Ni 

concentration was gills > liver > skin > muscles. In Wallagu attu from 

river Indus, Nickel concentrations in the skin, muscles, gills and liver 

ranged from 0.003±0.00 to 0.708±0.00 μg/g, which were lower than those 

observed in the current study. Similarly, (Yousafzai et al., 2010) has been 

reported the Ni concentration in gills, liver, muscles, skin and intestine of 

Wallago attu from River Kabul near Nowshera, Pakistan in an order of 

122.7±57.1 mg/L, 108.0±19.9 mg/L, 106.7±6.8 mg/L, 97.0±3.7 mg/L, 

95.3±10.4 mg/L, respectively. Ni concentration in the gills, intestine, liver, 

according to research by (Siraj et al., 2014), the concentration of nickel in 

the gills, intestine, liver, and muscles of Ompok bimaculatous was in the 

following order: gills > intestine > liver > muscles. The mean values were 

155.3±47.9 mg/L, 135.0±52.6 mg/L, and 123.7±31.5 mg/L< 100.3±66.8 

mg/L. 

Cd Concentrations in Studied Organs of the Wallago attu 

Cd, which is extremely harmful and readily present in the air, 

water and other places (Maurya and Malik, 2019). Lower exposure levels 

than previously thought may result in cadmium exposure, which mainly 

manifests kidney impairment but may also cause bone problems including 

fractures (Jarup 2003; Maurya et al., 2016). Our results showed that the 

gills had the highest mean Cd concentration (0.06±0.01 mg/L), with lower 

levels observed in the muscles (0.05±0.01 mg/L), intestine (0.05±0.01 
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mg/L) and liver (0.04±0.01 mg/L) (Al-Ghanim et al., 2016) reported the 

maximum concentration of Cd in the skin (0.24 ± 0.00 μg/g) of Wallago 

attu collected from three sites: Kundian, Chashma, and Kalabagh along 

the stretch of the Indus River in Mianwali, Punjab, Pakistan. (Siraj et al., 

2014) report high Cd concentration in the intestine (70.0 ± 23.5 μg/g) of 

Wallago attu from River Kabul Khyber Pakhtunkhwa, Pakistan. Similarly, 

a study conducted by Sthanadar, Sthanada, Yousaf, Muhammad, Zahid, 

(2013) reported Cd in the Gills tissue of Wallago attu was 0.83± 0.8317 

μg/g collected from 04 different polluted sites of River Kalpani Mardan, 

Khyber Pakhtunkhwa, Pakistan. Similarly (Filazi et al., 2003) reported 

0.15-0.50 μg/g Cd concentration in liver tissues of Mugil auratus collected 

from Sinop-Icliman in the Black Sea. 

Concentration of Pb in Studied Organs of Wallago attu 

Lead is a non-essential metal, as they are toxic, even in traces. 

Worldwide, its extensive use has resulted in health issues and 

environmental degradation (Rehman et al., 2015). Aquatic heavy metal 

concentration has a negative impact on the aquatic organism in addition to 

human health. Histopathological alterations in the intestinal tissue of 

Wallago attu can be caused by heavy metal concentration can be brought 

on by heavy metals (70.0 ± 23.5 μg/g) of Wallago attu from fish (Ahmed 

et al., 2014). 

In our study the mean concentration of Pb was higher in 

gills(possibly due to direct waterborne exposure and metal-binding 

proteins in respiratory tissues) 1.29±0.18 mg/L, followed by the intestine 

0.91±0.07mg/L, muscles 0.82±0.18mg/L, and liver 0.74±0.22mg/L. (Win 

et al., 2019) conduct a study at the Magway Township Ayeyawady River 

stretch, and the results show a lower mean Pb value than our data. In C. 

mrigala, Pb bioaccumulation varied from -0.503 mg/L to 0.717 mg/L, 

whereas in W. attu, it ranged from -0.488 mg/L to 2.450 mg/L. Only W. 

attu's maximum Pb value (2.450 mg/L) was marginally higher than the 

acceptable limit (2 mg/L) set by the WHO and FAO. Nonetheless, the 

average Pb level (0.865 mg/L) was below the WHO/FAO 

recommended limit. Mar (2019) found that the Pb levels of the fish species 

he studied (Mystus avasius, Mystus leucophasis, and Wallago attu) were 

1.39 and 2.03 ppm, respectively. Our findings are consistent with this 

research. Cho Cho Thin’s (2017) research showed the lowest Pb 

concentration (-4.09 mg/l) and the highest (7.252 mg/L), both of which 

were greater than the results we gave. 
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Concentration of Zn in Studied Organs of Wallago attu 

Zinc (Zn) is an essential micronutrient required in fishes (Gatlin 

et al., 1991) because it is closely related to many important biochemical 

processes, including normal growth, metabolic and immune function, gene 

regulation, and reproduction (Watanabe et al., 1997). Moreover, Zinc is an 

essential cofactor in several enzyme systems that carry out structural, 

catalytic, and regulatory tasks that influence nucleic acid synthesis and 

polysome confrontation.  (Buentello et al., 2009, NRC, 2011). 

In our study the mean concentration of Zn was found to be higher 

in gut (due to its function in enzyme metabolism and higher absorption 

from food) (1.2±0.38), followed by gills (0.87±0.05), liver (0.78±0.01) 

and muscles (0.35±0.02). (Win et al., 2019) conduct a study at Ayeyawady 

River segment, Magway Township report Zn values were lower than our 

reported data, with concentration ranging from 0.39 mg/L to 0.533 mg/L 

in Cirrhinus mirigala and from 0.373 m/L to 0.836 mg/L in Wallagu attu. 

Zn in the muscle tissues of studied species was lower than the permissible 

limit (30 mg/L) set down by WHO/FAO guidelines. (Shah et al., 2021) 

present the mean Zn levels in the muscles of Schizothorax plagiostomus 

sampled from different sites of the river Swat, Odigram, Charbagh and 

Landakai was 0.55±0.24, 0.013±0.01, and 0.08±0.06 ppm respectively 

which was lower than our data reported.  Zn bioaccumulations in the liver 

of Wallagu attu at Kalpani River, Mardan, were 0.04 µg/g, according to 

(Sthanadar et al., 2013).  Zn levels in fish tissues along the Yangtze River 

in China were 7.55 mg/kg, according to (Yi and Zhang, 2012), which was 

higher than our data.  Because these reservoirs were contaminated by the 

discharge of industrial effluents, agricultural runoff, anthropogenic waste, 

and household waste, the concentration of heavy metals was high.  

Conclusion 
The current study was carried out to investigate the certain 

bioaccumulation of heavy metals (Ni, Cd, Pb and Zn) in the gills, muscles, 

intestine and liver of Wallago attu. The results show that the 

bioaccumulation of heavy metals is in order of Zn>Pb>Ni>Cd. The 

findings of our study also demonstrate that Wallago attu’s intestine and 

gills had substantial concentrations of heavy metals. Because the intestine 

and the gills are the main organs via which heavy metals are absorbed in 

wallago attu. This study demonstrates that the elemental concentrations in 

the tissues of Wallago attu were typically within the acceptable limits 

established by WHO/FAO, suggesting that fish consumption in this region 

is safe for human health. 

 

https://www.sciencedirect.com/topics/food-science/micronutrient
https://www.sciencedirect.com/science/article/pii/S2352513422000576#bib21
https://www.sciencedirect.com/science/article/pii/S2352513422000576#bib21
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/biochemical-process
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/biochemical-process
https://www.sciencedirect.com/science/article/pii/S2352513422000576#bib62
https://www.sciencedirect.com/science/article/pii/S2352513422000576#bib46
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Recommendations 
Heavy metals in the fish Wallago attu available at the local fish 

market of Peshawar, Pakistan did not surpass the WHO/FAO 

recommendation’s allowable level. Therefore, when consumed, the 

Wallago attu in this study region did not provide any risks to people. 
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