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Abstract
Bioaccumulation of toxic heavy metals in the human body can give rise to adverse health effects, the severity 
of which depends upon their dosage and duration of exposure. In this study, yearlings of two different species 
of edible fish, i.e., Tor putitora (Mahseer) and Ctenopharyngodon Idella (grass carp), were exposed to different 
concentrations of lead nitrate in a controlled environment of aquarium for three different lengths of duration (14, 
28, and 60 days). The bioaccumulation of lead in different organs, including gills, skin, muscles, liver, intestine, 
and swim bladder of the fish, was assessed using atomic absorption spectrometry. Generally, the highest lead 
concentration was observed in the gills and lowest in the muscles for both species at each experimental dosage 
and duration. In 14-days exposure, the relative pattern of bioaccumulation in different organs was observed as gill 
> liver > skin > intestine > swim bladder > muscle for both fish species. Similarly, the pattern of bioaccumulation 
observed in 28-days exposure was as: gill > liver > intestine > skin > swim bladder > muscle in both species. 
Whereas, pattern in 60-days exposure was observed as gill > liver > intestine > swim bladder > muscle > skin. The 
data shows that grass carp had stored higher concentrations of lead than Mahseer, which may be attributed to the 
fact that they are omnivorous. Furthermore, the lowest bioaccumulation was recorded in the muscles until the 
56th day of the exposure, after which the concentration steadily increased in the muscles. The observed pattern 
highlights the importance of exposure’s duration to lead; chronic exposure could result in its bioaccumulation 
at toxic concentrations in the muscles, which is particularly of concern because the fish muscles are heavily 
consumed as food worldwide.

Keywords: heavy metal accumulation in water, lead bioaccumulation of heavy metals in fish, Ctenopharyngodon 
idella, Tor putitora, lead toxicity.

Resumo
A bioacumulação de metais pesados tóxicos no corpo humano pode causar efeitos adversos à saúde, cuja gravidade 
depende de sua dosagem e duração da exposição. Neste estudo, filhotes de duas espécies diferentes de peixes 
comestíveis, ou seja, Tor putitora (Mahseer) e Ctenopharyngodon idella (carpa-capim), foram expostos a diferentes 
concentrações de nitrato de chumbo em um ambiente controlado de aquário por três diferentes períodos de duração 
(14, 28 e 60 dias). A bioacumulação de chumbo em diferentes órgãos, incluindo brânquias, pele, músculos, fígado, 
intestino e bexiga natatória dos peixes, foi avaliada por espectrometria de absorção atômica. Geralmente, a maior 
concentração de chumbo foi observada nas brânquias e a menor nos músculos para ambas as espécies em cada 
dosagem e duração experimental. Na exposição de 14 dias, o padrão relativo de bioacumulação em diferentes 
órgãos foi observado como brânquia > fígado > pele > intestino > bexiga natatória > músculo para ambas as 
espécies de peixes. Da mesma forma, o padrão de bioacumulação observado em 28 dias de exposição foi: brânquia 
> fígado > intestino > pele > bexiga natatória > músculo em ambas as espécies. Já o padrão de exposição de 60 dias 
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keep humans safe from toxic effects (Adepoju-Bello and 
Alabi, 2005; Tabinda et al., 2013). Fish are eaten in almost 
all parts of the world, and their use is considered highly 
healthy and safe because of their constituent fat-soluble 
vitamins, high-quality proteins, and omega-3 fatty acids 
(Isangedighi and David, 2019). Screening different species 
of wild edible fish for heavy metal bioaccumulation is the 
need of the hour, and reporting such data would help 
prevent heavy metals toxicities in humans.

In this regard, proper check of the water resources is 
crucial where toxic, and trace metals are present in a narrow 
gap between their essentiality and poisonousness that could 
ultimately lead to deposition in the human body in one way 
or the other (Yousafzai and Shakoori, 2008). Fish muscles 
are the central organ of interest in this connection as it is 
edible and consumed by humans (Taweel et al., 2013). Fish 
have been considered detectors of heavy metals in water 
bodies (Siraj et al., 2016), and the quality of water could be 
checked by assessing various biochemical/hematological/ 
histological parameters of the fish living in the specific 
water body. For instance, the accumulation of mercury in 
water bodies could be assessed through catfish. Likewise, 
Cyprinus carpio is considered a bio-indicator for Pb and 
Fe levels in water (Siregar et al., 2012). Heavy metals may 
enter the fish body through gills, skin, and the alimentary 
canal. Gills and skin are the sites of interaction between 
dissolved heavy metals and the fish body (Ahmed and Bibi, 
2010). The thinner epithelium of gills allows the metal 
ions to pass through its membrane, where they could 
easily bind to the negative charges upon the gills’ surface 
(Siraj et al., 2014). A high concentration of heavy metal in 
gills is often indicative of its presence in the surrounding 
water (Pandey et al., 2017). The vertebrate’s brain, gills, 
and liver control essential life processes such as excretion, 
detoxification, respiration, and metabolism. The pesticides 
and chemical pollutants such as heavy metals severely 
affect these organs’ morphology and normal function and 
physiology of all vertebrate animals (Ghaffar et al., 2016). 
It is also reported that heavy metals like nickel, chromium, 
zinc, mercury, copper, and lead adversely affect the kidney, 
liver, muscles, and other organs, disrupt metabolism, and 
retard fish growth (Birge et al., 2000).

Heavy metal causes toxic effects in humans such as 
hypertension, abdominal pain, kidney and liver problems, 
intellectual disabilities, irritability, carcinogenesis, anemia, 
nerve damage, and headache (Ambreen  et  al., 2015). 
Humans either use the contaminated water through which 
heavy metal/s enter their bodies directly or consume the 
affected fish through which heavy metal accumulates. 
Thus, it is important to know about heavy metal levels in 
freshwater concerning food chain transfer of these elements 

1. Introduction

The metals and metalloids having a density of at least 
5 g cm−3 are known as heavy metals, and the heavy metals 
that are toxic even at ppb levels are broadly termed toxic 
heavy metals (Yadav et al., 2019). Heavy metals are divided 
into two types: (i), essential: such as manganese, copper, 
iron, zinc, and nickel; (ii), non-essential: such as lead, 
cadmium, mercury, and arsenic. Heavy metals in a proper 
amount play a vital role in life processes, but their lower 
or higher than normal levels can create health problem/s 
(Chiba et al., 2011; Tabinda et al., 2013). Because heavy 
metals have found numerous industrial, agricultural, 
domestic, pharmaceutical, and technological applications, 
humans are at an increased risk of exposure to these metals. 
Usually, heavy metals enter the water bodies through 
human activities like untreated domestic wastes, industrial 
effluents, and agriculture runoff (Seiyaboh and Izah, 2017). 
Natural sources like landslides, cyclones, earthquakes, and 
rocks’ erosion are equally fundamental causes of heavy 
metal pollution in water bodies. Industrial effluents are 
one of the main contributors to heavy metals in water 
sources and their inclusion in the aqueous ecosystem 
where different aquatic organisms ingest them.

Heavy metal contamination is considered a severe 
threat to aquatic fauna, flora, and human health due 
to industrialization globally and locally (Kutty and Al-
Mahaqeri, 2016). The term bioaccumulation means an 
increase in the concentration of a substance that is not 
biodegradable in living organisms in such a way that they 
have a comparatively high concentration of the substance 
than that in its environment (Adepoju-Bello and Alabi, 
2005). A fish gets heavy metals such as lead, copper, 
cadmium, and nickel from water bodies and becomes 
a potential source of the heavy metal for its consumer 
(Kouba  et  al., 2010). Since they are not biodegradable 
and digestible and living bodies do not have specialized 
systems to excrete them, they accumulate in different 
organs. As most fish species are edible, the final sink 
is the human body as humans consume them for food. 
Due to enormous industrial developments in the 1960s 
and onward, they gradually concentrated in the aquatic 
system as initially no importance was given to their 
potential toxicity. Upon the emergence of severe health 
complications in humans due to the bioaccumulation of 
heavy metals, the scientific community responded, but it 
was too late. Presently, governments of different countries 
have taken measures, but the threshold of these metals 
in an ecosystem has already been reached. Worldwide, 
strategies have to be developed to remediate aquatic 
ecosystems, and preventive measures are essential to 

foi observado como brânquia > fígado > intestino > bexiga natatória > músculo > pele. Os dados mostram que a 
carpa-capim armazenou maiores concentrações de chumbo do que a Mahseer, o que pode ser atribuído ao fato de 
serem onívoras. Além disso, a menor bioacumulação foi registrada nos músculos até o 56º dia de exposição, após 
o que a concentração aumentou de forma constante nos músculos. O padrão observado destaca a importância da 
duração da exposição ao chumbo; a exposição crônica pode resultar em sua bioacumulação em concentrações 
tóxicas nos músculos, o que é particularmente preocupante porque os músculos dos peixes são muito consumidos 
como alimento em todo o mundo.

Palavras-chave: acúmulo de metais pesados na água, bioacumulação de metais pesados por chumbo em peixes, 
Ctenopharyngodon idella, Tor putitora, toxicidade por chumbo.
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and the associated risk to human health (Scalon et al., 
2010; Tunçsoy et al., 2016).

Lead is the toxic metal that fundamentally targets the 
nervous system in adults and children. The lead is primarily 
present in inorganic form and has several oxidation 
states in the environment (Kasthuri and Chandran, 1997). 
The sub-lethal concentration of lead results in de- creased 
growth rate, feeding energy, and deranged biochemical 
parameters of fish (Yousafzai and Shakoori, 2008). A high 
lead level also affects neurochemicals development, such as 
ions channels and neurotransmitters (Amdur et al., 1993). 
For better understanding, the current study was designed 
to investigate the lead concentration in Ctenopharyngodon 
Idella (grass carp), and Tor putitora (Mahseer) exposed 
to a specific concentration of lead nitrate in a controlled 
environment. The study’s primary objectives were to 
investigate the effect of lead accumulation in different 
organs.

2. Materials and Methods

2.1. Fish collection

The study was designed to quantify the heavy metal 
accumulation in the two fish species. The experimental 
work included 30 uniform yearlings of grass carp bought 
from the Mardan carp hatchery and 30 uniform yearlings 
of Mahseer brought from Mahseer hatchery at Thana 
Malakand. Fish were transported to the University of 
Malakand in oxygenated bags with care. The fish were 
placed in two separate large aquariums already set 
up for them. The sizes were 60-70 g in weight, and 
6-7.5 cm in length measured accurately. The yearlings were 
acclimatized for about 14 days sustaining all the required 
conditions in their optimal range. All the aquariums were 
placed in the plan steel holding cages, one was labelled 
as the control group, and the other was treated. In each 
experiment, three fish were utilized. The amount of water 
in each aquarium was 50 litres. The fish of both the groups 
were fed with artificial fish feed twice a day at 3% of their 
body weight during the experimental period. Approval 
of the study was taken from Ethical Committee vide 
notification Biochem/EC-ChMu/22-11/01 as per approved 
“Animal Bye-Laws 2008, Scientific Procedures Issue-I of 
the University of Malakand, Pakistan.

2.2. Determination of lead toxicity in selected fish species 
in the aquarium

According to the present experimental plan, the 
yearlings of both fish species were exposed to lead nitrate 
in separate aquariums for different durations. Based on the 
duration of exposure to lead nitrate, yearlings of the two 
species were divided into three groups, each containing 
three fish. Of each species, the first group was exposed to 
08 mg/50 lit lead nitrate for 14 days; the second group was 
exposed to the same amount of lead nitrate for 28 days; 
whereas the third group of fish was exposed to the same 
amount of lead nitrate for 56 days.

2.3. Organ collection

At the end of each experimental duration/cycle, the 
fish were sacrificed, and 0.5 g of each of the different 
organs, including skin, gills, muscles, liver, intestine, and 
swim bladder, were separated and washed with distilled 
water. After drying in an oven at 80-90°C, the tissues were 
subjected to acid digestion. Muscles were freed from their 
skin by cutting through knives and scissors behind the 
dorsal fin from the dorsal side (Rosseland et al., 2017). 
The skin was separated from the lateral side behind the 
anal fin and made free from muscles by hooks carefully.

2.4. Acid digestion

The acid digestion method of Javed and Usmani was 
followed with slight modification (Shahid et al., 2019). 
To each of the collected organs (0.5 g), 7.5mL of nitric 
acid was added. The beakers were labeled properly, made 
airtight, and kept still overnight. On the next day, 2.5 mL 
of HClO4 (70%) was added to each beaker and heated 
80-1000C in an electric oven for 60 minutes. The mixture 
was heated until all the acid was converted into brown 
fumes of NO2 and the remaining solution became clear. 
After the solution in each beaker was cooled down at room 
temperature, it was filtered through Whatman filter paper. 
The filtrates were collected in labelled plastic bottles and 
diluted up to 50 ml using distilled water. The sample was 
analyzed for lead detection through atomic absorption 
spectrophotometer (Perkin-Elmer model no: 2380).

3. Results

3.1. Comparison of bioaccumulation of lead in different 
organs of Grass carp and Mahseer

Lead accumulation in the different organs of both species 
was calculated in terms of lead nitrate concentration in 
the organs and is presented in Figure  1. The obtained 
results have been summarized in Table  1 whereas the 
week wise has been presented in Table 2 for Mahseer and 
in Table 3 for Grass carp. 

Figure 1. Concentrations of Pb (NO3)2 in different organs of Mahseer 
and grass carp measured after different durations of exposure.
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3.1.1. Skin

The mean lead concentration calculated was 
0.199±0.010 in Mahseer and 0.215±.018 in grass carp 
after14 days of exposure. After 28 days, the accumulation 
was 0.275±.005 in Mahseer and 0.24±0.008 in grass carp; 
whereas, in 60-days exposure, the concentration was 
observed as 0.289±0.012 and 0.277±0.003, respectively. 
The maximum lead concentration was reported in the 
60-days exposure period due to maximum exposure time.

3.1.2. Gill

The mean lead concentration in the gill of Mahseer 
was observed to be 0.419±0.004, and that of grass carp 
was 0.488±0.012 after 14-days exposure. After 28 days 
of the exposure, the concentration was 0.641±0.02 and 
0.126±0.018 whereas, after 60-days exposure, it was 
recorded as 0.978±0.03 and 0.989±0.010 in the gills of 
Mahseer and grass carp, respectively. The maximum 
concentration of lead was reported in a 60-days exposure 
duration.

3.1.3. Muscles

The mean lead concentration in the muscles of Mahseer 
was 0.101±0.001 and 0.136±0.002 in grass carp after 
14 days exposure; after 28 days, the concentration was 
0.126±0.0183 in the muscles of Mahseer and in that of 
grass carp was 0.136±0.002. After 60 days of exposure, it 
was recorded as 0.319±0.002 and 0.315±0.014 in Mahseer 
and grass carp muscles, respectively. As clear from the 

results, the maximum lead concentration was reported 
in the 60-days exposure duration.

3.1.4. Liver

The mean lead concentration in the liver of Mahseer 
was quantified as 0.321±0.01 and 0.328±0.006 in the 
liver of Mahseer and grass carp, respectively, in 14-day 
exposure duration. The concentration in 28-day exposure 
was recorded to be 0.544±0.011in Mahseer’s liver and 
0.55±0.013 in grass carp’s liver; while after 60 days, it was 
0.785±0.008 and 0.796±0.009 in grass carp and Mahseer, 
respectively. The maximum concentration of lead was 
reported in a 60-day duration.

3.1.5. Intestine

In the intestine, the mean lead concentration of Mahseer 
was 0.185±0.006, and in grass fish, it was 0.176±0.005 after 
14 days of exposure. In 28-day exposure, the accumulation 
was 0.339±0.11 and 0.332±0.011 in Mahseer and grass carp; 
while after 60 days, it was 0.565±0.013 in Mahseer and 
0.565±0.013 in grass carp, respectively. Again, the maximum 
concentration of lead was observed in 60-day exposure.

3.1.6. Swim bladder

The mean lead concentration in the swim bladder 
of Mahseer was 0.122±0.006 that of grass fish was 
0.156±0.002 after 14 days of exposure. After 28 days, 
the accumulation was 0.21±0.005 in Mahseer and 
0.229±0.010 in the swim bladder of grass carp. After 
60 days, the concentration was 0.44±0.013 in the swim 

Table 3. Bioaccumulation of lead nitrate in different organs of grass carp after 14, 28, and 60-day exposure to 08 mg/50 lit of lead nitrate.

Duration 
(days)

Skin Gill Muscle Liver Intestine Swim bladder

14 0.199±0.010 0.488±0.012 0.136±0.002 0.328±0.006 0.176±0.005 0.156±0.002

28 0.24±0.008 0.752±0.056 0.126±0.018 0.55±0.013 0.332±0.011 0.229±0.010

60 0.277±0.003 0.989±0.010 0.315±0.014 0.796±0.009 0.565±0.013 0.449±0.011

Table 1. Concentration of lead in different organs of the control group of Mahseer and grass carp.

Fish specie Skin Gills Muscle Liver Intestine Swim bladder

Mahseer 0.028           0.024            0.025         0.021 0.019 0.022

Grass 0.026              0.030               0.029             0.040              0.033             0.032

Table 2. Bioaccumulation of lead nitrate in different organs of Mahseer after 14, 28, and 60 days of exposure to 08 mg/50 litres of lead 
nitrate.

Duration 
(days)

Skin Gills Muscle Liver Intestine Swim bladder

14 0.215±.0183 0.419±0.004 0.101±0.001 0.321±0.012 0.185±0.006 0.122±0.006

28 0.275±0.005 0.641±0.021 0.145±0.013 0.544±0.011 0.339±0.112 0.21±0.0051

60 0.289±0.012 0.978±0.031 0.319±0.002 0.785±0.008 0.502±0.016 0.44±0.013
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bladder of Mahseer and 0.449±0.011 in that of grass carp. 
The maximum concentration of lead was observed after 
60 days of exposure.

The order of lead nitrate bioaccumulation in the organs 
of both Mahseer and grass carp was gill > liver > skin > 
intestine > swim bladder > muscle in 14-days exposure 
to 8 mg/50 litres lead nitrate. After 28-days exposure, the 
order was gill > liver > intestine > skin > swim bladder 
> muscle in both fish species. Similarly, the pattern of 
bioaccumulation of lead nitrate in the organs of both 
species was gill > liver > intestine > swim bladder > muscle 
> skin in 60 days exposure to 8 mg/litres of lead nitrate.

The overall pattern of metal burden in Mahseer and 
grass carp in all exposure durations were observed as gill 
> liver > intestine.

4. Discussion

The threat of heavy metals toxic amounts in an 
environment, especially in water sources, has increased and 
is still increasing rapidly. Because of the non-biodegradable 
nature of these metals, they have a high potential of 
getting accumulated in the fish and other biota living in 
heavy-metal contaminated water bodies. The humans 
consuming those contaminated fish as food are equally 
at the risk of heavy metal accumulation that could lead 
to severe hazardous effects in the human body, including 
damage to the central nervous system and vital organs of 
the body. In the present study, the bioaccumulation profile 
of lead in the different organs of freshwater yearlings 
of grass carp and Mahseer was analyzed in different 
durations of exposure to lead nitrate (14, 28, and 60 days). 
The concentration of lead in the organs was analyzed 
using atomic absorption spectrophotometer. The general 
pattern of lead bioaccumulation observed uniformly is gill 
> liver > intestine observed in all durations of exposure; 
the lowest accumulation was observed in the muscles of 
both fish species in all exposure durations.

Results of the present studies are consistent with that 
of several reported studies, some of which are given as 
follows. Zhang et al. reported the same results (highest 
bioaccumulation of lead in gills and lowest in muscles) 
from their study to evaluate bioaccumulation of lead and 
its toxic effect in different organs of grass carp (Zhang et al., 
2018). Likewise, Shovon studied bioaccumulation of lead 
and other heavy metals in the different organs of three 
species of fish viz., Labeo rohita, Gibelion Catla, and 
Pangasius hypophthalmus in Bangladesh. Their results 
also confirmed the highest amount of lead accumulation 
in the gills of Pangasius hypophthalmus and lowest in 
the muscles of all the three species (Shovon et al., 2017). 
Jakhrani et al. studied bioaccumulation of heavy metals 
and traced elements (iron, zinc, copper, manganese, 
nickel, cadmium, and chromium) in three different fish 
species viz., Catla catla, Cirrhinus mirigala and Labeo 
rohita caught from ponds in district Kashmore, Pakistan. 
The results showed that the bioaccumulation of heavy 
metals and trace elements was higher in gills than liver 
and muscles (Jakhrani et al., 2019). Iqbal also reported a 
similar bioaccumulation trend as in the present study, 

i.e., highest in the gills and lowest in the muscles when 
he carried out the studies in two fish species Labeo rohita 
and Wallago attu caught from Taunsa barrage of the Indus 
river in Pakistan (Iqbal et al., 2017).

The highest bioaccumulation of heavy metals in gills 
as reported in several studies could be attributed to two 
main reasons. First, because of its thinnest epithelium 
among all the organs of the body through which metals 
can easily pass (Mastan, 2014) and second, the surfaces of 
the gills are negatively charged whereas, the metal ions 
are positive charges due to which there is high affinity to 
the bonding between them (Siraj et al., 2016.

The bioaccumulation of heavy metals in the freshwater 
fish muscles is especially of concern because these are 
rich protein sources and are vastly consumed as human 
food (Tunçsoy et al., 2016). As indicated by the results, 
the present study infers the accumulation of the lowest 
amount of lead in the muscles compared to the other 
organs, and several studies report the same.

Yousafzai studied the bioaccumulation of different 
heavy metals in Cyprinus carpio and Labeo rohita from 
river Kabul and reported the lowest bioaccumulation of 
different heavy metals in the muscles compared to other 
organs of the two species (Yousafzai and Shakoori, 2008). 
Mulk studied the different heavy metals bioaccumulation 
in the Mahseer inhabiting in water bodies at Buner district, 
Pakistan, where the effluents of marble industry enter 
frequently. He, too, reported the lowest concentration of 
heavy metals in the muscles of Mahseer (Mulk et al., 2016).

Likewise, in Suyatna’s studies for comparative 
bioaccumulation of different heavy metals, the results 
followed the pattern as gill > liver > muscles (Suyatna, 2017).

Javeed and Afridi, in their studies carried out in different 
fish species for analysis of comparative bioaccumulation 
of heavy metals in different fish organs, also reported the 
lowest bioaccumulation of heavy metals in the muscles 
(Ambreen et al., 2015; Afridi et al., 2017).

5. Conclusion

The increasing industrial, domestic, and agricultural use 
of metal and metal-containing compounds has led to their 
higher-than-normal levels in an environment, especially 
in water bodies. Given their potential bioaccumulation of 
fish and the potential hazards in the human body after 
consuming these contaminated fish, screening fish found 
in different water bodies is the need of the hour. In this 
connection, the current study was designed to assess 
the bioaccumulation of lead in the different organs of 
Mahseer and grass carp after a different length of exposure 
to lead nitrate. The study showed that grass carp were 
more sensitive than Mahseer to lead toxicity. Compared 
to the other organs, the bioaccumulation of lead in gills 
was more pronounced than other organs in both the fish 
species in all exposure durations. The lowest heavy metal 
bioaccumulation was reported in the muscles, except after 
56 days of exposure, the accumulation in the muscles was 
observed significantly high than observed previously. 
The observed results could be because the lead can be 
channelized through several ways and accumulate in 
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muscles. The pattern of bioaccumulation in different organs 
of both the fish species in 14-day exposure to lead nitrate 
was gill > liver > skin > intestine > swim bladder > muscle. 
In 28-days exposure the pattern was gill > liver > intestine 
> skin > swim bladder > muscle; whereas, in 56 days, the 
pattern was gill > liver > intestine > swim bladder > muscle 
> skin. The probability of bioaccumulation in different 
organs increases with the duration of exposure to lead. 
The effect of length of duration was more noticeable in 
muscles, which is a matter of concern because it is the 
part that humans consume. Governments should take 
measures to ensure the safety measures before dumping 
the industrial effluents and sewage into water bodies to 
minimize the entry of heavy metals into water bodies so 
the hazards associated with heavy metal toxicity to aquatic 
biota and eventually to humans may be prevented or at 
least decreased.
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