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ABSTRACT

Heavy metals being persistent pose conglomerated hazards towards safety and human health. Impacts of
heavy metal pollution can be exhibited by both natural and anthropogenic activities. Therefore,
developing nations are under immense pressure of controlling the environmental impacts of increasing
industrialization and pollution, subject to their limited resources and infrastructure. Bioindicators are
important biological entities to determine the positive/ negative changes in the desired ecosystem. They
are the fast respondents towards the slightest changes and provide early reliable results. Identifying &
establishing a suitable bioindicator can provide a faster and inexpensive way to address the undesirable
effects. Cyprinus carpio, a freshwater fish, is used to determine the Lead (Pb) at different locations of
Yamuna River and the bioavailability in different tissues. In the present study, we are trying to establish
fish as an indicator of lead pollution in the river. It is a well-known fact that the water bodies are most
affected by human activities. Polluted water bodies can lead to adverse effects on human health. Lead is
also known to cause phytotoxicities in aquatic and terrestrial plants. This study is therefore an attempt to
identify the harmful impacts of lead in River ecology. Ten fish specimens of C. carpio were collected
from four different sites of Yamuna River and analyzed for Lead accumulation in fish tissues. High
concentration and accumulation were observed in specimens collected from various locations and found
to be higher than the permissible limits for human consumption.
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Cyprinus carpio: Bioindicator of Heavy Metal Pollution in Yamuna River

1 Introduction

Bioindicators are the biological objects to determine the health of
the environment and are helpful in the calculation of possible risks
which is associated with certain changes. Natural bioindicators can
be useful in identifying the positive and negative environmental
changes (Parmar et al., 2016). Various factors like changes in light,
wind, temperature, and suspended particles affect the efficiency of
bioindicators, which may decide the fate and impact on human
settlements. Identifying a perfect species as a bioindicator and
applying it to predict the level of contamination can serve as a
great tool in addressing water pollution (Khatri & Tyagi, 2015). A
bioindicator is a collective term used to identify ecological
reactions that can lead to noticeable changes in living organisms.
These bio-indicators can be formed from all sources of
biotic/abiotic reactions. Many advantages can be achieved by using
bio-indicators.

Ecological factors are completely intertwined together and the
smallest change does not simply work on one activity, these factors
are monitored to identify the biological impacts. Various species
are used to detect any positive/negative impact on normal
ecological functions in surroundings (Walsh, 1978; Peterson, 1986;
Gerhardt, 2002; Holt & Mlller, 2010). Hasselbach et al. (2005)
used Hylocomium splendens (moss) as a bioindicator to monitor
heavy metal contamination in the remote tundra of northwest
Alaska. Various planktons, lichens, and fish were also used for
quantitative estimation of heavy metal load in different water-
bodies and associated health risks (Walsh, 1978; Peterson, 1986;
Thakur et al., 2013; Azam et al., 2015; Gupta et al., 2020a; Gupta
et al., 2020b). Identifying a bioindicator can help in the recognize
of Synergistic/ Antagonistic effects of some chemical
contaminants. Cyanophytes are used as a bioindicator for
Eutrophication in water bodies (Walsh, 1978; Thakur et al., 2013).
Bioindicators being real-time changes in an ecological function are
very helpful in early diagnosis and accountable to determine the
detrimental effects. Natural bioindicators are a reliable and faster
way to identify different types of environmental impacts, e.g.,
Lichens and Bryophytes being used to monitor air pollution (Holt
& Mlller, 2010). An early and effective diagnosis eventually
becomes an economically viable alternative to all other specialized
methods post effect.

Yamuna is a perennial river that flows from Gangotari to
Allahabad. Yamuna is the largest tributary to “The Ganges” and
covers four Indian states namely Uttarakhand, Uttar Pradesh,
Haryana, and Delhi before merging with Ganga. It travels 1376 km
from its origin (Ramanathan et al., 1993; Jameel & Hussain, 2005;
Solaraj et al., 2010). In the Delhi region, river flows in from Palla
Village and down streams in Jaitpur. It provides livelihood to
millions of people during its transverse. Heavy metals’ pollution is
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a growing concern in water bodies due to their non-biodegradable
and ubiquitous abundance. Heavy metal accumulation in fish
tissues can be sometimes lethal to humans. Common carp (C.
carpio) is a widespread species, which is cultured in many parts to
manage the food requirements around the world (FAO, 1983;
FAO, 2016; HLPE, 2014; Peteri, 2021). This is a non-native
species of Yamuna in the Delhi region. Initially, carp was
introduced in Yamuna River for ecological balance and addressing
the food requirements but now Carp is more available than the
indigenous fish species in this region. Increasing population
difference of carp v/s other fish species is an indicator of
ecological imbalance. Heavy metal accumulation is another
challenging condition in the study location. C. carpio has been
identified as an important food resource in many countries. It is
considered as an important fish for aquaculture and it's important
to identify the safety of consumer products (Vilizzi & Tarkan,
2016). Bio-accumulation of heavy metals in C. carpio was
determined in the current study to identify the impacts of pollution
on water bodies in the study areas. This study is mainly focused on
(i) comparison of catching various fish species and their
correlation with different sites. (ii) Pb accumulation in soft tissues
(liver, gills, muscles, & kidney) of C. carpio from four sites in
Delhi. (iii) The comparison between heavy metal accumulation in
different tissues and their correlation with different sites.

2 Material and Methods
2.1 Sampling location

Four sampling locations of Yamuna River were selected for
sample collection: i.e. Palla Village, Wazirabad barrage, Yamuna
Bank near ITO barrage, and Okhla barrage.
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Figure 1 Map of study sites in River Yamuna in the Delhi region.
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2.2 Sample collection and analysis
2.2.1 Sample collection of water

For physicochemical and heavy metals analysis, water samples
were collected in 1 Itr Jerry from all four sites. The samples were
collected in duplicate to minimize the bias. Samples for dissolved
oxygen were collected separately by fixing the water samples with
MnSo, + alkaline iodide-azide to avoid any skewed results of
available oxygen in a 300ml capacity glass bottle (Baird et al.,
2017). The samples were transported to the laboratory within 2
hours of sample collection in an icebox at approx. 4°C.

2.2.2 Physico-chemical analysis of water

Various physicochemical parameters such as pH, dissolved
oxygen, free ammonia, suspended solids, and total solids were
analyzed in water samples (Baird et al., 2017).

2.2.3 Heavy-metal analysis of water

Samples of water were prepared by nitric acid digestion and
analyzed using ICP-OES for Heavy metal analysis (Baird et al.,
2017). Procedure-related bias was eliminated using a concurrent
distilled water blank.

2.3 Sample collection and preparation of Fish

Ten fish specimens of C. carpio were collected with the help of
local fishermen from all sampling sites using a seine net. Fish were
transported to the laboratory in frozen conditions within 2 hours of
sample collection. These specimens were stored at -20°C until
further analysis was carried out. All the fish were grossly
examined for any anomaly before the collection of samples for
heavy metal analysis.

2.3.1 Analysis of Fish

1 g wet tissue (gills, muscles, liver, and kidney) was accurately
weighed from all the dissected fish and taken for heavy metal
analysis. These samples were undergone in closed digestion of
microwave digester for 10 minutes run time. In this, 1:1 (5 ml
each) concentrated nitric acid and sulphuric acid were used for the
digestion process (Baird et al., 2017). After this, these tissues were
completely dissolved in the acid mixture to give an elemental
form, these samples were further heated on a hot plate in a glass
beaker until the acid fumes have vanished. This solution was
transferred to a 50 ml capacity volumetric flask and volume was
prepared up to 50ml mark carefully using MiliQ water. An acid
blank was also prepared similarly to eliminate any procedural bias.
The prepared samples can be stored for up to one month in a glass
bottle at 4°C. All the samples were analyzed using ICP-OES
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(Thermofischer). AR grade reagents and solvents were used for
sample preparation.

2.4 Statistical Analysis

All the findings were subjected to statistical analysis using SPSS
version 22.0. One-way ANOVA and Pearson’s correlation
coefficient test were applied to determine the difference between
groups (i.e., sampling locations) and the relationship between
Environmental factors and accumulation. The mean and SD were
calculated by MS Excel. Kolmogorov-Smirnov and Kruskal-
Wallis tests were performed to determine the normality of data.
The Kruskal-Wallis test was applied to identify the significant
variance at a 95% confidence level (p<0.05) (Keshavarzi et al.,
2018).

3 Results and Discussion

3.1 Comparison of catching C. carpio v/s other fish species and
their correlation

The C. carpio fish is not the wild variety to Yamuna river, it was
introduced accidentally to the Ganga-Yamuna Ecosystem. The
common carp is considered detrimental to fresh water Ecosystem
(Pathak et al., 2011). During the sample collection, approximately
3-5 folds more C. carpio were caught when compared to other fish
in the Yamuna River. The catchment in our study corroborated
with previous studies of catching C. carpio from the Yamuna river
in the Allahabad region (Mayank & Dwivedi, 2015).

3.2 Physico-chemical characteristics

Water samples were analyzed in duplicate for physico-chemical
parameters in the laboratory. The pH of the collected samples was
reported in the range of 7.82 to 8.45 with an average value of 8.1.
Though the pH was within permissible limits of drinking water
throughout all the locations, the trends indicated that pH was
marginally basic.

Dissolved oxygen of water was critically low in Okhla barrage area
found at minimum (3.5 mg/l) and observed a healthy concentration
at Palla village (8.8 mg/l) with an overall mean of 6.1+2.62.
Though the mean values of DO are counterfactual of fair health of
river water. The water quality of the river was not quite suitable for
aquatic lives and other human uses Between ITO to Okhla region
(S3&S4) with a pH lower than 4.0. Ammonia content and Total
solids were recorded within the range of permissible/ allowable
limits for drinking water as per the World Health Organization and
1S:10500-2012 of Bureau of Indian Standards (Table 1 & 2) (Elder
& Collins, 1991). The suspended matter was tested in the form of
Turbidity which was recorded more than the permissible limits of
turbidity in drinking water (Gupta et al., 2021).
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Table 1 Physico-chemical components and metal concentration in water (mg/l) with standard deviation
Parameters pH DO Free Ammonia SsP TS Pb
1S: 10500, 2012* 6.5-8.5 - 0.5 5 (10) 500 (2000) 0.01
WHO? 6.5-8.5 - 0.5 - 500 0.05
CPCB? 6.5-8.5 >5.0 0.5 10 500 (2000) 0.01
1 7.82 8.6 0.1 10 168 0.010
Palla (S1) 2 7.86 8.8 BDL 11 176 BDL
mean 7.84 8.70 0.10 10.50 172.00 0.010
1 7.95 8.2 0.1 16 248 0.010
Wazirabad (S2) 2 8.04 7.9 0.1 16 260 0.010
mean 8.00 8.05 0.10 16.00 254.00 0.010
1 8.16 43 0.3 25 580 0.050
ITO (S3) 2 8.16 3.9 0.3 30 600 0.060
mean 8.16 4.10 0.30 27.50 590.00 0.055
1 8.45 35 0.2 30 620 0.080
Okhla (S4) 2 8.38 3.8 04 34 614 0.075
mean 8.42 3.65 0.30 32.00 617.00 0.078
Overall mean 8.10 6.13 0.20 21.50 408.25 0.038
Overall SD 0.25 2.62 0.12 9.96 228.19 0.034
1, Gupta et. al, 2021; a, recommended values; b, as turbidity; BDL, Below Detection Limit.
Table 2 Physico-chemical components and metal concentration in water (mg/l) with standard deviation
Parameters Palla Village Wazirabad Barrage ITO Barrage Okhla Barrage Overall mean
pH 7.8 8.0 8.2 84 8.1+0.25
Dissolved oxygen 8.7 8.1 41 3.7 6.1 +2.62
Free Ammonia 0.1 0.1 0.3 0.3 0.2+0.12
Suspended solids 10.5 16.0 275 32.0 21.5+9.96
Total solids 172.0 254.0 590.0 617.0 408.3 +228.19
Lead content 0.010 0.010 0.055 0.078 0.038 £ 0.034

11, Gupta et. al, 2021.

3.3 Lead concentration in water

Water quality concerning the lead concentration at Palla Village and
Wazirabad area was following maximum permissible values by
WHO/1S:10500/CPCB i.e., 0.01 mg/l (WHO, 2012; Gupta et.al, 2021).
However, 0.078 mg/l and 0.05 mg/l Pb concentration was observed at
Okhla region and ITO location respectively (Table: 1 & 2). Though the
mean Lead concentration of the river was in the permissible limit as
per the WHO recommendations viz. <0.05mg/1 of water for drinking
purposes (WHO, 2012), but it's unacceptable by 1S:10500-2012 and
CPCB. The variations were noted as the maximum pollution load from
Delhi travels in the river from this stretch. Only 2% of the Yamuna
River in Delhi carries approximately 76% of total pollution (Elder &
Collins, 1991; Gupta et.al, 2021).

3.4 Heavy metal concentrations in fish from different locations

Lead concentration in fish tissues was recorded between
0.21mg/kg in muscle at Palla Village to 0.36mg/kg at Okhla
barrage and an overall mean of 0.29mg/kg in muscle. Whilst the
lowest bio-accumulation 0.11mg/kg was recorded in gills of C.
carpio collected from Palla Village and the highest (1.18mg/kg)
concentration in the Liver from ITO barrage (Table 3).
Bioaccumulation is a complex process rendered by various biotic
and abiotic factors. Various abiotic environmental factors such as
pH, temperature, metal availability, chemical nature of the metal
and components, etc., and biotic factors fish age, species, size,
feeding, and swimming patterns, and environmental stress affect
the bioaccumulation of heavy metals. Stow et al (1994) and
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Table 3 Location v/s organ wise (mean + SD) Heavy metal concentration (mg/kg b.wt.) in different tissues of C. carpio
Organ-wise mean

Parameters Palla Village Wazirabad Barrage ITO Barrage Okhla Barrage .
accumulation
Muscle 0.21+0.11 0.26 £0.12 0.34+£0.12 0.36 £0.13 0.29 £0.07
Gills 0.11 +£0.05 0.12+0.03 0.89+0.24 0.86 £0.31 0.50+0.44
Kidney 0.32+0.14 0.33+0.11 0.86 £0.20 0.88+0.21 0.60+£0.31
Liver 0.57+0.13 0.59+0.11 1.18 £0.30 1.08+£0.34 0.85+0.32
Location-wise mean 0.30£0.19 0.33+0.20 0.82+0.35 0.79+0.31 0.56 +0.23
accumulation
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Figure 2 Location wise differences in the lead concentration in different tissues and trend of the mean accumulation in C. Carpio (2A) Location-
wise Distribution of Lead in water and various tissues; (2B) Trends of mean Lead Accumulation in different Tissues vs mean location.

Bentzen et al (1996) have explained how the fish habitat and
swimming patterns can stimulate and contribute to a higher degree
of exposure ending in higher accumulations.

Uptake and absorption of heavy metals in fish is mainly facilitated
via two fish systems viz., respiratory and dietary system, among
these respiratory systems, works through gills transported via

aquatic media (surrounding water) while dietary System works
through guts facilitated by sediments and feed (HLPE, 2014).

Variable conditions at different locations thereby impart an
important role in bio-accumulation in different fish. Figure 2
suggests the maximum accumulation of Lead in different tissues
of C. Carpio happened at ITO barrage, while the lowest
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accumulation occurred at Palla village. The figure also indicates
that the liver had the highest tendencies to accumulate the metal
whereas muscles had the least affinity towards accumulation.

3.5 Difference between heavy metal accumulations in different
tissues

Lead concentration in fish tissues was observed between 0.11
mg/kg gills at palla village to 1.18 mg/kg liver of ITO barrage. As
observed, the lowest accumulation was recorded in gills and the
highest in the liver. Overall, organ-wise distribution of mean
maximum concentration in Liver followed by Kidney > gills > and
muscles. Gills of fish collected from the ITO barrage and Okhla
barrage have shown a higher affinity of accumulation when
compared to muscles (Figure 3 & 4). These findings suggest these
fish are better for human consumption than a previous study on L.

rohita (Gupta et al., 2021).

Lead in food items can pose serious health implications to human
and domesticated animals. Pb is established to cause neurotoxicity,
nephrotoxicity, genotoxicity, etc. (Kalantzi et al., 2013). These
toxicities are a challenge for risk assessment as it’s being used in
various industrial applications. Water being an integral constituent
for life and related activities, no ecosystem can sustain itself if water
is removed. Therefore, water is a conceivable element to spread the
pollution load (OECD, 2006). Further, de Paula Gutiérrez &Agudelo
(2020) have used fish as bioindicators to determine mercury
pollution in Colombian water bodies. Results of this study are in
agreement with the various previous studies that have been recently
published for biomonitoring the effects of heavy metal accumulation
and using fish as potential markers for environmental pollution in
different ecosystems (Pattanayak et al., 2020; Keke et al., 2020).

Distribution of Lead in different variables and trend of
accumulation
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Figure 3 Distribution of lead in different tissues along with the R? value of mean accumulation.
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Figure 4 Standard error of Pb accumulation in different tissues concerning mean + SD. The figure shows the relationship of metabolic
activity of the tissue with the affinity towards accumulation.
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Conclusion

The liver has shown the highest affinity towards lead accumulation
followed by kidneys, gills, and muscles. The lower concentrations
of organic matter and low pollution is an indicator of lesser
accumulation incidences. However, higher organic pollution is an
indicator of higher accumulation affinities in muscles. The
population density and catch of C. carpio over other fish species is
itself an indicator of pollution loads in the river, as these fish are
considered more adaptable to adverse conditions. Bio-
accumulation of lead in C. carpio collected from Palla village, and
Wazirabad barrage has shown a trend of Lead accumulation based
on the metabolic activity i.e., Liver > Kidney > Muscles > and
Gills. But fish collected from ITO barrages and Okhla barrage
have shown a different accumulation profile in Liver > Kidney >
and gills, though not many changes were recorded in accumulation
in muscles from any of four locations. This study reflects the use
of C. carpio as a good biomarker for metal pollution in the
Yamuna river. However, more extensive research and studies are
required to achieve more conclusive results.
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