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Abstract

The River Cauvery is considered to be the main source of drinking water supply. Deterioration of drinking water quality
continues to be a major problem. Hence, the present study aimed at analyzing toxic metals. Various environmental pollutants,
including metals can cause toxicological effects on aquatic animals especially fish species. bioaccumulation patterns of Cr, Pb,
Cu, Zn, Fe and Mn in summer seasons fish Labeo calbasu, Studies on bioaccumulation of pollutants in fish are important in
determining the tolerance limits of fish species, effects of specific pollutants on fish, and biomagnification through food
chains. Water pollution from toxic metals can have sever negative impacts on fish. Pollution might result from many sources,
e.g., accidental spillage of chemical wastes, atmospheric precipitation contaminated with air-borne pollutants, discharge of
industrial or sewerage effluents etc.,

Keywords: Heavy metal assessment, Kollidam River, Fish Tissues, Atomic Absorption Spectrophotometry and Environment.

Introduction effects on human and the environment, chemical pollutants
Heavy metal pollution in aquatic ecosystems is a global such as heavy metals, pesticides, PCBs, PAHs are of
issue owing to its adverse impacts on both human well- foremost importance. Over the last few decades heavy metal
being and the environment at large. Among these pollution in rivers has become a matter of great concern, not
ecosystems, rivers stand out as particularly vulnerable to only because of the threat to public water supplies, but also
contamination, given their crucial role as essential water the risk arising due to human consumption of fishery
sources. Kollidam River is situated in Tamil Nadu, India, resources as a result of accumulation through food chain
plays a vital role in supporting various aspects of life, (Terra et al., 2008) 1?81, Elevated levels of heavy metals in
including agriculture, drinking water supplies, and aquatic rivers, lakes and ponds are considered to be precarious
biodiversity. Unfortunately, the rapid pace of industrial because they are the main source of drinking water as well
expansion and urban development in the area has raised as habitat for aquatic ecosystem in the developing countries
concerns about the potential discharge of heavy metals into (Ochieng et al., 2008)

this critical river system, thereby posing significant risks to In aquatic ecosystems, heavy metals have received
its integrity. considerable attention due to their toxicity and accumulation
The natural aquatic resources contamination of heavy metals in biota (Dural et al., 2006) Pl. Heavy metals from natural
released from industrial, domestic and other anthropogenic and anthropogenic sources are continually released into
activities has become a matter of concern over the past few aquatic ecosystems, and they are a serious threat because of
decades. This will give an indication of temporal and spatial their toxicity, bioaccumulation, long persistence, and
extant of metal accumulation, as well as assessment of biomagnification in the food chain. Heavy metals, including
potential impact on human health (Ladipo et al., 2012) [, both essential and non-essential elements, have a particular
Fish being the top consumer in the aquatic food chain significance in ecotoxicology, since they are highly
accumulate large amounts of heavy metals in their body persistent and all have the potential to be toxic to living
(Chezhian et al., 2010) . The heavy metals contamination organisms (Storelli et al. 2006) 7). Heavy metal discharges
is one of the vital factors for decline of water quality that to aquatic environment are of great concern of all over the
has an obvious impact on fish diversity. Consumption of country.

fish from the contaminated site poses a higher health risk to Heavy metals enter in aquatic ecosystem from natural and
human. Many studies are being carried out to determine the anthropogenic sources. Anthropogenic activities
level of metals in the fish since it is considered as one of the continuously increase the amount of heavy metal in the
richest sources of protein and unsaturated omega-3 fatty aquatic ecosystem (Xu et al., 2018) . As heavy metals
acid for human (Yilmaz et al., 2007) B4, Kaveri River is cannot be degraded, they are deposited, assimilated or
running through three southern states of India. The incorporated in water, sediment and aquatic organisms and
objectives of the present study was to estimate the levels of thus, causing heavy metal pollution in aquatic ecosystem
metals in fish with different stations and also to find the (Kumar and Kumar, 2018 1 and Farsani, et al., 2019) [,
accumulation pattern in different organs viz., gill, liver. The retention of heavy metal in the body of an organism
Muscle and brain of fishes Labeo calbasu from River depends on many factors such as the speciation of the metal
Kollidam. concerned and the physical mechanism developed by the
Drinking water is constantly associated with multitude of organism for the regulation, homeostasis, and detoxification
health-related concerns as a result of contamination by both of the heavy metal. The degree of bioaccumulation in
chemical and biological pollutants. Due to the adverse different tissues of fish is generally different depending in
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the active tissue as liver, gills, and kidney have higher
accumulation of the heavy metal than other tissues such as
skin and muscles (Maurya et al., 2019 % and Ezekiel et al.,
2019) 121,

Bioaccumulation of heavy metal in freshwater fish depends
upon the various factors like age, size, sex, reproductive
cycle, feeding behaviour, swimming pattern and
geographical location (Egbeja et al., 2019) [, The
contamination of aquatic ecosystems with a variety of
pollutants can be verified by analyzing water, sediments and
aquatic organisms (Canli and Atli 2003) 1. Fishes are key
indicators of aquatic ecosystem health and are commonly
used as bioindicators to assess the levels of metal
contamination in water bodies (Hamada et al., 2024) &4,
Fish accumulate metals primarily through the water and
sediment, where they absorb dissolved metals through their
gills or ingest metal-contaminated food items. The
accumulation of metals in fish can occur both at the
individual level, affecting specific organs and tissues and at
the population level, influencing reproductive success,
growth and overall fitness (Aborisade et al., 2024) [11,
Metals such as mercury, cadmium, lead and arsenic, which
are known for their toxicity, can accumulate in fish tissues
over time, often reaching concentrations that exceed those
found in the surrounding water or sediment (Singh and
Sharma 2024) 24, The bioaccumulation of metals in fish is
influenced by several factors, including the type of metal,
the fish species, the size of the fish, the duration of
exposure, and the environmental conditions (Ray and
Vashishth 2024) 2, For instance, larger fish and those
higher in the food chain, such as carnivorous species, tend
to accumulate higher concentrations of metals due to
biomagnification (Saidon et al., 2024) 23],

The effects of metal accumulation on fish can range from
sublethal to lethal, depending on the concentration and
duration of exposure. Sublethal effects may include
behavioral changes, impaired feeding, reduced growth rates,
and altered reproductive success. At higher concentrations,
metals can cause more severe effects such as organ damage,
immune suppression, and neurological impairments
(Bagheri et al., 2024) . For example, mercury, particularly
in the form of methylmercury is known to accumulate in
fish and cause neurotoxic effects, including tremors,
abnormal swimming behavior and difficulty in predator
avoidance. Chronic exposure to metals can also affect the
immune system, making fish more susceptible to diseases
and parasites (Singh and Sharma 2024) 24,

In addition to individual health impacts, the accumulation of
metals in fish can have far-reaching consequences for fish
populations and ecosystems. Reproductive failure, reduced
survival rates, and genetic mutations can reduce the
population size and biodiversity of fish species, affecting the
food webs that depend on them (Ray and Vashishth 2024)
221, The transfer of metals from fish to humans and wildlife
through the consumption of contaminated fish further
amplifies the problem, leading to potential public health
risks.

The consensus seems to be that fishes in heavy metal-
contaminated areas tend to absorb certain heavy metals in
ionic forms from their immediate environment. However,
during the past few decades, these activities have become
intensive resulting in serious impacts on human health.
Hence, the present study aimed at assessing heavy metals in
water and sediment of River Cauvery and risk caused to the
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local human population and resident aquatic organisms
through water

Materials and methods

The Kollidam River is an important tributary of the Cauvery
River, located in Tamil Nadu, India, flowing through
regions with agricultural, residential, and industrial
activities. The study was conducted between Thirumanur
and Anaikarai, spanning approximately 70 km. This stretch
encompasses diverse influences, including agricultural
runoff and municipal waste, potentially impacting water
quality. The geographical coordinates of the sampling area
range from 10°55'34.7"N to 11°08'08.9"N latitude and
79°06'15.2"E to 79°27'12.8"E longitude.

Sampling Stations
Four stations were selected to assess the heavy metal
content (Cr, Pb, Cu, Zn, Fe and Mn) in the Kollidam River:
= Station1(S1)
Located at Thirumanur (W4G3+GM8), this site
represents upstream agricultural runoff with limited
industrial  influence.  Coordinates:  10°55'34.7"N,
79°06'15.2"E.

= Station2(S2)
Situated near Vazhkai (X7M9+87R), this station is
influenced by domestic effluents and agricultural
inputs. Coordinates: 10°59'00.1"N, 79°16'05.4"E.

= Station3(S3)

Located at Kollidam Bridge, = Madhanadhur
(29X5+FX7), this site is characterized by significant
industrial  discharge. Coordinates: 11°02'56.3"N,
79°21'35.4"E.

= Station4(S4)
The Anaikarai Bridge at Ukkarai (4FP3+8CF) marks
the downstream endpoint of the study, reflecting
cumulative  impacts  from  upstream  sources.
Coordinates: 11°08'08.9"N, 79°27'12.8"E.

Sample collection and Fixation

Fish Labeo calbasu were collected from the Kollidam River
on the spot from different sites. The collected samples were
brought to the laboratory in an ice box condition and then
washed with distilled water and dissected for Gill, liver,
muscle and Brain tissues packed in polyethylene bags and
stored at -20°C until analysis. The process of collecting fish
samples for bioaccumulation studies. In this case, fish
species such as Labeo calbasu. Usually these fishes are
collected in the morning (8-10 A.M.) to ensure minimal
stress on the specimens. Once collected, the fishes are
immediately euthanized and dissected. The specific tissues
(such as Gills, liver, muscle and brain) are carefully
separated and preserved in 10% formalin to maintain tissue
integrity during transportation to the laboratory (Dybem
1983) [0,

Sample Processing

Upon arrival in the laboratory, the fixed tissues are placed in
an oven at approximately 120°C for drying. The drying
process can take up to two days, ensuring that the tissue
achieves a constant weight. Once dried, the tissues are
ground into a fine powder. A specific amount of this
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powdered tissue (usually around 0.5g) is then treated with a
mixture of concentrated nitric acid and perchloric acid (in a
3:1 ratio) as suggested by Toopping (1973) to break down
the tissue and release the accumulated metals. After
digestion, the solution is diluted with distilled water and
analyzed for metal content using Atomic Absorption
Spectrophotometry (AAS). This methodology ensures that
the metals (such as Cr, Pb, Cu, Zn, Fe and Mn) can be
accurately quantified in the different fish tissues by APHA
(1989) @1,

Results

Metal concentrations in Labeo calbasu on summer
season

The analysis of metal concentrations in various organs of
the fish species Labeo calbasu sampled from four stations
(S1, S2, S3 and S4) of the Kollidam River, Thanjavur,
during the summer season from 2023-2024 revealed varying
levels of contamination across different organs and
sampling stations (Table 1 and Table 2). The metals
measured included Cr, Pb, Cu, Zn, Fe and Mn. The
concentrations of these metals were determined in selected
organs: Gill, liver, muscle and brain.

Chromium concentrations in Labeo calbasu on summer
season

In the year 2023, at Station 1 (S1), chromium levels in the
gills were recorded at 0.47+0.06 pg/g, with the liver
showing slightly lower concentrations at 0.36£0.03 ug/g.
Muscle tissue had the lowest chromium concentration at
0.05+0.005 pg/g, while the brain also showed a minimal
value of 0.05+0.006 pg/g. At Station 2 (S2), chromium
concentrations were slightly higher, with the gills containing
0.52+0.01 pg/g and the liver 0.33+0.007 pg/g. The muscle
and brain tissues at (S2) had concentrations of 0.04+0.006
pg/g and 0.06+0.008 ug/g, respectively. At Station 3 (S3),
the gills exhibited the highest chromium concentration
among the stations, reaching 0.60+0.09 ug/g. The liver at S3
had 0.46+0.06 ug/g, while muscle and brain concentrations
were at 0.03+£0.002 pg/g and 0.05+0.007 ug/g, respectively.
At Station 4 (S4), chromium levels in the gills were
recorded at 0.53+£0.09 pg/g, the liver showed 0.38+0.003
Mo/g, muscle had 0.06+0.001 pg/g, and the brain had
0.05+0.003 pg/g. Overall, chromium concentrations were
relatively low across all stations, with gills showing the
highest concentrations (Table 1).

In the year 2024, Cr concentrations were generally low
across all organs, with the muscle and brain showing the
lowest concentrations, ranging from 0.04 pg/g to 0.07 pg/g.
The gills exhibited the highest chromium levels, particularly
at stations S1 and S4, where concentrations reached 0.59
pg/g and 0.63 pg/g, respectively. The liver and brain
showed slightly higher chromium concentrations than the
muscle, with liver levels ranging from 0.32 pg/g at S2 to
0.40 pg/g at S3 and brain concentrations between 0.05 pg/g
and 0.06 pg/g. These findings suggest that chromium tends
to bioaccumulate more in the gills, which may be related to
its uptake from the surrounding water, with localized
contamination at S1 and S4 (Table 2).

Lead concentrations in Labeo calbasu on summer season
Lead is another hazardous pollutant found in freshwater
ecosystems. It is known to accumulate in aquatic organisms,
leading to toxic effects on their health and the overall
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ecosystem. In the year 2023 of study, lead concentrations in
the gills ranged from 0.73£0.02 pg/g.d.wt. at S1 to
1.05+0.23 pg/g.d.wt. at S3. The liver consistently had higher
levels of lead, with concentrations ranging from 3.54+0.28
pg/g.d.wt. at S4 to 4.12+0.78 pg/g.d.wt. at S2. Muscle and
brain tissues had lower concentrations, with lead levels in
the muscle ranging from 0.18+0.01 pg/g.d.wt. at S2 to
0.38+0.08 pg/g.d.wt. at S3 and brain concentrations from
0.55+0.03 pg/g.d.wt. at S2 to 0.73+0.02 pg/g.d.wt. at Sl
(Table 1).

In the year 2024, lead concentrations showed similar trends,
with the highest concentrations found in the gills. At station
S1, the gills contained 0.85+0.01 pg/g.d.wt. of lead,
decreasing to 0.74+0.01 pg/g.d.wt. at station S4. The liver
also exhibited significant lead accumulation, especially at
station S3, where concentrations reached 5.26+0.09
pg/g.d.wt. This suggests that the liver plays a key role in
metabolizing and storing lead, potentially mitigating its
toxic effects on other tissues (Table 2).

Copper concentrations in Labeo calbasu on summer
season

Copper is an essential trace element required for various
metabolic processes but can be toxic at high concentrations.
During the study period of year 2023, copper concentrations
in the gills ranged from 4.26+£1.07 pg/g.d.wt. at S1 to
14.05£3.11 pg/g.d.wt. at S3 in the first year. The liver
consistently showed higher copper levels, ranging from
17.45+4.01 pg/g.d.wt. at S2 to 18.56+4.05 ng/g.d.wt. at S3.
Muscle and brain concentrations were relatively lower, with
values ranging from 5.22+1.25 pg/g.d.wt. in muscle at S2 to
6.17+1.20 pg/g.d.wt. at S3, and from 3.21+£0.98 pg/g.d.wt.
in the brain at S2 to 4.26£1.07 pg/g.d.wt. at S1 (Table 1).

In the following year 2024, copper levels varied
significantly between organs and stations. The gills
exhibited the highest copper concentration, ranging from
6.56+1.52 pg/g.d.wt. at S2 to 7.75+1.62 pg/g.d.wt. at S4.
The liver also had high copper levels, peaking at 16.46+0.9
pg/g.d.wt. at station S3. Copper levels in muscle were
lower, ranging from 3.85+0.73 pg/g.d.wt. (S3) to 5.01£1.05
pg/g.d.wt. (S4), and the brain exhibited the lowest copper
concentrations, ranging from 2.24+0.16 pg/g.d.wt. (S1) to
2.94+0.01 pg/g.d.wt. (S4) (Table 2). These findings
suggested that copper is primarily processed and stored in
the liver and gills due to their roles in metabolic regulation
and detoxification.

Zinc concentrations in Labeo calbasu on summer season

Zinc is an essential metal involved in numerous biological
processes, including enzyme function and immune response.
In both years of the study, zinc concentrations were
consistently high across all organs, with notable variations
between sampling stations. In the year 2023, the qills
showed zinc concentrations ranging from 65.81+5.24
pg/g.d.wt. at S2 to 90.85+£10.14 ng/g.d.wt. at S3. The liver
exhibited the highest zinc concentrations, ranging from
170.47+6.21 pg/g.d.wt. at S1 to 190.96+19.63 ng/g.d.wt. at
S4. Muscle and brain tissues also showed considerable zinc
levels, with muscle concentrations ranging from 68.31+9.95
pg/g.d.wt. at S2 to 80.96+7.19 pg/g.d.wt. at S3, and brain
levels ranging from 28.14+7.35 pg/g.d.wt. at S2 to
38.75+3.11 pg/g.d.wt. at S4 (Table 1).

In the year of 2024, the zinc concentrations in the liver were
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again the highest, peaking at 190.12+15.62 pg/g.d.wt. at
station S2. The gills showed moderate levels, ranging from
60.96+4.78 pg/g.d.wt. (S3) to 72.14+5.86 pg/g.d.wt. (S4).
Zinc levels in the muscle ranged from 60.77+4.15
pg/g.d.wt. (S1) to 75.73+£2.01 pg/g.d.wt. (S4), and the brain
contained the lowest levels, ranging from 28.7416.03
pg/g.d.wt. (S3) to 40.96+5.76 ug/g.d.wt. (S1). This suggests
that zinc plays an important physiological role, particularly
in the liver and gills, where it may be involved in enzyme
function and metabolic regulation (Table 2).

Iron concentrations in Labeo calbasu on summer season
Iron is an essential nutrient for various biological processes,
including oxygen transport and cellular respiration. During
both years of the study, iron levels were highest in the liver
and gills, with notable variations across stations. In the first
year, iron concentrations in the gills ranged from
120.54+9.18 pg/g.d.wt. at S1 to 230.35£19.12 pg/g.d.wt. at
S3, with the highest concentration recorded at S3. Similarly,
the liver exhibited significant iron accumulation, with
concentrations ranging from 125.21+11.61 pg/g.d.wt. at S1
to 140.95+7.86 pg/g.d.wt. at S2. Muscle and brain tissues
had lower iron levels, ranging from 95.44+5.99 pg/g.d.wt. at
S2 to 120.49+9.65 pg/g.d.wt. at S3 in muscle, and from
12.41+4.11 pg/g.d.wt. at S3 to 16.84+3.58 pg/g.d.wt. at S2
in the brain (Table 1).

In the year of 2024, the highest iron concentrations were
again found in the liver, with the highest recorded value of
250.25422.61 pg/g.d.wt. at S1. The gills also contained
significant levels of iron, ranging from 200.63+£17.61
pg/g.d.wt. (S3) to 230.93+12.77 pg/g.d.wt. (S4). Muscle and
brain levels were comparatively lower, with muscle
concentrations ranging from 95.64+15.21 pg/g.d.wt. (S3) to
115.4249.13 png/g.d.wt. (S4), and brain concentrations
ranging from 13.47+1.54 pg/g.d.wt. (S1) to 15.24+1.26

www.entomologyjournals.com

pg/g.d.wt. (S3). The liver and gills appear to be key organs
for iron storage and regulation (Table 2).

Manganese concentrations in Labeo calbasu on summer
season

Manganese is another essential trace element that plays a
critical role in various metabolic processes, including the
metabolism of carbohydrates, lipids, and proteins.
Manganese concentrations were relatively consistent across
the organs of Labeo calbasu, with some fluctuations
between sampling stations. In the during year 2023,
manganese concentrations in the gills ranged from
6.59+1.05 pg/g.d.wt. at S2 to 7.89+1.89 pg/g.d.wt. at S4.
The liver showed higher levels, with concentrations ranging
from 19.13+2.21 pg/g.d.wt. at S4 to 22.13+4.01 pg/g.d.wt.
at S2. Muscle and brain concentrations were relatively
lower, with muscle levels ranging from 3.32+0.72
pg/g.d.wt. at S4 to 4.40+0.99 pg/g.d.wt. at S2, and brain
concentrations ranging from 2.87+0.33 pg/g.d.wt. at S4 to
3.72+0.74 pg/g.d.wt. at S2 (Table 1). These results suggest
that manganese is preferentially stored in the liver,
potentially due to its involvement in detoxification and
metabolic processes.

In the year 2024, manganese concentrations were highest in
the liver at station S2, with values of 16.55+3.04 pg/g.d.wt.
Other organs showed relatively lower manganese
concentrations, with gills ranging from 5.63+1.52 pg/g.d.wt.
at station S2 to 6.86+1.56 pg/g.d.wt. at station S1. Muscle
and brain tissues exhibited lower manganese levels, ranging
from 3.16+0.89 pg/g.d.wt. (S1) to 3.26+0.56 pg/g.d.wt. (S2)
in muscle and from 2.56+0.09 pg/g.d.wt. (S2) to 3.63+0.07
Mo/g.d.wt. (S4) in brain (Table 1). These results suggest that
manganese is more evenly distributed across different
organs compared to other metals, which may reflect its
broader role in cellular functions.

Table 1: Concentration of metals (ug/g.d.wt.) in selected organs of fish Labeo calbasu sampled from four sampling stations of Kollidam
River, Thanjavur during Summer season 2023.

Period of the year 2023 in Summer season
Species  |Stations| Organ Chromium Lead Cupper Zinc Iron Manganese
Gill 0.59+0.06 1.0+0.005 14.0+1.26 90.64+9.83 230.35+19.12 | 7.26+1.09
s1 Liver 0.35+0.04 3.92+0.35 18.5+4.05 170.47+£6.21 | 125.21+11.61 | 20.88+3.55
Muscle 0.05+0.002 | 0.34+0.02 6.15+2.03 80.78+8.05 120.54+9.18 4.06+0.98
Brain 0.06+0.009 | 0.73+0.02 4.26+1.07 35.32+7.07 12.87+£3.21 3.44+0.65
Gill 0.50+0.007 | 0.88+0.01 9.37+3.09 65.81+5.24 200.21+21.56 | 6.59+1.05
52 Liver 0.32+0.05 4.12+0.78 17.45+4.01 | 180.71+16.26 | 140.95+7.86 22.13+4.01
Muscle 0.06+0.001 | 0.18+0.01 5.22+1.25 68.31+9.95 95.44+5.99 4.40+0.99
Labeo Brain 0.06+0.006 | 0.55+0.03 3.21+0.98 28.14+7.35 16.84+3.58 3.7240.74
calbasu Gill 0.57+0.03 1.05+0.23 14.05+3.11 90.85+10.14 | 230.24+21.61 | 7.26+0.82
s3 Liver 0.40+0.07 3.94+0.91 18.56+4.05 | 170.74+13.75 | 125.37+9.14 | 20.81+3.51
Muscle 0.04+0.006 | 0.38+0.08 6.17+1.20 80.96+7.19 120.4949.65 4.80+0.48
Brain 0.05+0.009 | 0.72+0.02 4.25+0.81 35.74+6.39 12.41+4.11 3.34+0.83
Gill 0.63+0.01 0.95+0.04 10.24+3.04 75.14+5.93 180.91+11.73 | 7.89+1.89
54 Liver 0.38+0.03 3.54+0.28 15.86+3.24 | 190.96+19.63 | 135.17+8.62 19.13+2.21
Muscle 0.07+0.005 | 0.25+0.01 4.87+0.86 70.37+8.75 110.61+10.82 | 3.32+0.72
Brain 0.05+0.001 | 0.68+0.07 3.45+0.92 38.75+3.11 15.93+4.21 2.87+0.33

Values expected in Mean+SD of three replicates

Table 2: Concentration of metals (ng/g.d.wt.) in selected organs of fish Labeo calbasu sampled from four sampling stations of Kollidam
River, Thanjavur during Summer season 2024

Period of the year 2024 in Summer season
Species Stations | Organ | Chromium Lead Cupper Zinc Iron Manganese
Labeo calbasu s1 (_SiII 0.47+0.06 | 0.85+0.01 | 6.76+0.08 68.25+3.56 250.25+22.61 6.86+1.56
Liver 0.36+0.03 | 4.12+0.05 | 12.7+0.01 160.62+14.66 125.14+.16.12 16.55+3.04
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Muscle | 0.05+0.005 | 0.24+0.01 | 4.05+0.03 60.77+4.15 105.66+18.16 3.16+0.89

Brain | 0.05+0.006 | 0.56+0.01 | 2.24+0.16 40.9645.76 13.47+£1.54 3.08+0.92

Gill 0.52+0.01 | 0.77+0.01 | 6.56+1.52 65.74+6.86 18.14+2.76 5.63£1.52

$2 Liver | 0.33+0.007 | 3.44+0.93 | 14.24+3.96 | 190.12+15.62 120.57+21.16 13.64+4.21
Muscle | 0.04+0.006 | 0.25+0.01 | 4.24%151 72.74+8.46 110.95+19.03 3.26+0.56

Brain | 0.06+0.008 | 0.62+0.01 | 3.02+0.07 38.96+3.56 12.14+1.32 2.56+0.09

Gill 0.60+0.09 | 0.68+0.01 | 7.26+0.05 60.96+4.78 200.63+17.61 6.44+0.97

s3 Liver 0.46+0.06 5.26+0.09 | 16.46+0.9 180.74+11.56 130.66+21.16 14.49+1.66
Muscle | 0.03£0.002 | 0.18+0.01 | 3.85+0.73 65.16+8.75 95.64+15.21 3.08+0.16

Brain | 0.05+0.007 | 0.55+0.01 | 2.67+0.26 28.74+6.03 15.24+1.26 2.91+0.42

Gill 0.53+0.09 | 0.74+0.01 | 7.75+1.62 72.14+5.86 230.93+12.77 6.23+0.76

sa Liver | 0.38+0.003 | 4.57+0.51 | 15.67+1.84 170.91+3.46 120.84+15.26 14.84+2.16
Muscle | 0.06+0.001 | 0.31+0.01 | 5.01+1.05 75.73+2.01 115.4249.13 3.25+0.06

Brain | 0.05+0.003 | 0.65+0.01 | 2.94+0.01 33.28+4.55 14.81+2.94 3.63+0.07

Values expected in Mean+SD of three replicates

Discussion

To mitigate the ecological impacts of heavy metal pollution
in the Kollidam River, it is recommended that regulatory
authorities implement more stringent controls on industrial
and agricultural discharges, particularly in the upstream
areas where contamination levels are highest. Additionally,
efforts to restore riparian vegetation and improve sediment
management could further reduce metal accumulation in
sediments and prevent the re-suspension of contaminants
during high-flow events. Long-term monitoring programs
should continue to track the trends in metal concentrations,
ensuring that any improvements in water quality are
maintained and that emerging sources of contamination are
addressed promptly.

The accumulation of heavy metals in aquatic organisms is a
critical environmental concern, as these metals can
bioaccumulate in tissues, leading to toxic effects not only on
the organisms but also on higher trophic levels, including
humans. This study investigates the seasonal variations in
the concentrations of six heavy metals Cr, Pb, Cu, Zn, Fe
and Mn in the tissues of freshwater fish Labeo calbasu,
during the year (2023-2024). The study provides insight into
the trends of metal accumulation across summer season and
compares the metal concentrations across both species and
years, shedding light on the possible environmental and
ecological implications.

The metal concentrations in the tissues of both fish species
were significantly influenced by the season, with the highest
concentrations observed during the summer months (Chainy
et al., 2016) [ In this study seasonal variations were
observed in all tissue types, including the gills, liver, muscle
and brain of both Labeo calbasu.

During the summer season of both years (2023-2024), the
metal concentrations in the fish tissues were the highest.
This is a commonly observed pattern in aquatic organisms,
as elevated temperatures and reduced water levels in many
water bodies can increase the bioavailability and
concentration of metals (Kahlon et al., 2018) [l High
summer temperatures often accelerate chemical reactions,
causing an increase in the solubility of metal ions, which
may be taken up more readily by organisms (Soomro et al.,
2023) 1, Additionally, the reduced flow of water and low
dilution capacity in summer could contribute to the
increased concentration of metals in the aquatic
environment (Barletta et al., 2019) 1,

The metal concentrations in the summer season of 2023
were notably higher compared to the same period in 2024,
suggesting a possible year-to-year variation influenced by
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factors such as industrial discharge, anthropogenic activities
and climatic conditions. While both years showed high
metal accumulation in the fish tissues, the 2023 period had
substantially higher concentrations of metals, particularly in
the qills, liver, and muscles. This might be attributed to
higher pollution levels or more intense industrial discharge
in that year, contributing to a more significant input of
metals into the aquatic environment. Similar results were
reported by Arumugam et al., 2024 B,

The elevated levels of metals such as Cr, Pb, Cu, Zn, Fe,
and Mn in fish tissues during summer indicate a possible
ecological risk, as these metals can cause physiological
disruptions, such as oxidative stress, impaired
osmoregulation, and damage to cellular structures (Kovacik
et al., 2019) (6 The liver and gills are particularly
vulnerable to heavy metal accumulation due to their roles in
detoxification and respiration, respectively (Kwong, 2024)
18 The higher accumulation of metals in these tissues
might be indicative of bioaccumulation, a process where
metals gradually accumulate in an organism over time,
potentially leading to toxicological effects (Stankovic et al.,
2014) (281,

Conclusion

In conclusion, this Environmental pollution has become a
global problem and heavy metals are considered as one of
the most contaminants due to their bioaccumulation nature.
When the concentration of heavy metals is higher than the
threshold limit, they can be toxic. The results of the present
study underscore the urgent need for sustainable
environmental management practices to address heavy
metal pollution in aquatic ecosystems. Regular monitoring
of metal levels, stricter enforcement of pollution control
regulations, and public awareness campaigns are imperative
to protect aquatic life and ensure food safety. Future
research should focus on the long-term ecological and
health effects of metal bioaccumulation and explore
innovative  remediation  technologies to  mitigate
contamination. This research contributes to a deeper
understanding of freshwater pollution dynamics and the
critical role of bioindicators like Labeo calbasu in
monitoring aquatic ecosystem health.
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