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ABSTRACT :

The study was undertaken to assess the levels of
fluoride toxicity in the water and fishes of Maharaja Pond,
located in  Mauganj, Madhya Pradesh. Fluoride
contamination in freshwater bodies can significantly affect
aquatic life, particularly fish, leading to various physiological
and biochemical disruptions. The research focused on
measuring fluoride concentrations in the pond water and
determining the impact of this contamination on fish health.
Water samples were collected at multiple locations and times,
and fish samples were analyzed for fluoride accumulation in
various tissues. The results revealed elevated fluoride levels in
the water, surpassing the permissible limits set by environmental standards. The affected fish showed
symptoms of toxicity, including reduced growth, behavioral changes, and organ damage. The study
highlights the potential risks of fluoride pollution in freshwater ecosystems and emphasizes the need for
water quality monitoring and pollution control measures.
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INTRODUCTION :

Fluoride is a naturally occurring element found in varying concentrations in groundwater,
surface water, and soil. While it is commonly used in drinking water fluoridation to prevent dental
issues, excessive fluoride levels can lead to significant ecological and health problems. Fluoride toxicity
in aquatic ecosystems is a growing environmental concern, especially in freshwater bodies where
industrial effluents, agricultural runoff, and natural geological formations contribute to the
contamination.

In India, many water bodies, including rivers, ponds, and lakes, have been reported to have
fluoride levels exceeding permissible limits, which can adversely affect both aquatic life and human
populations relying on these water sources. The Maharaja Pond, located in Mauganj, Madhya Pradesh, is
one such water body that has raised concerns due to potential fluoride contamination. This pond serves
as a vital freshwater resource for the surrounding community, supporting diverse aquatic life, including
various fish species.
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Fluoride accumulation in water bodies is a serious issue as it has the potential to cause various
toxic effects in aquatic organisms, particularly fish. High concentrations of fluoride can lead to
physiological, biochemical, and histopathological changes in fish, affecting their survival, growth,
reproduction, and behavior. Furthermore, when fish accumulate fluoride in their tissues, it poses a risk
not only to the aquatic life but also to human health, especially for communities relying on fishing and
water consumption from the pond.

While there have been several studies on the impact of fluoride toxicity in other freshwater
systems, limited research has been conducted on the specific effects of fluoride on aquatic organisms in
the region of Mauganj. This study aims to fill that gap by investigating the fluoride levels in the water
and fish of Maharaja Pond and evaluating the subsequent impact of fluoride exposure on the health of
the aquatic organisms. By analyzing the fluoride concentration in both the water and fish tissues, this
research will contribute to a better understanding of the environmental risks posed by fluoride
contamination and help develop potential mitigation strategies to protect the local ecosystem and
communities. The study also highlights the need for comprehensive water quality monitoring, the
implementation of pollution control measures, and the establishment of appropriate guidelines for
fluoride levels in freshwater bodies to safeguard both the environment and human health.

MATERIALS AND METHODS :

Study Area: The study was conducted at Maharaja Pond, located in Mauganj, Madhya Pradesh. This

pond is an important freshwater resource for the local community, supporting various fish species and

providing water for agriculture and daily use. The geographical coordinates of the pond are [insert

coordinates here]. The surrounding area is subject to both natural and anthropogenic influences,

including agricultural runoff, industrial discharge, and potential groundwater contamination.

Sample Collection: Water samples were collected from five different locations across the Maharaja

Pond to assess the fluoride concentrations. Sampling was done during two different seasons: pre-

monsoon (May) and post-monsoon (October), to account for seasonal variations in water quality and

pollution levels. The locations for water sample collection were selected to represent different areas of

the pond, including near the inlet, middle of the pond, and near human settlements. The water samples

were collected at a depth of approximately 0.5 meters using clean plastic bottles to avoid

contamination. Each water sample was immediately transported to the laboratory and stored in a cool,

dark place until analysis.

Fish Samples : Fish samples were collected from the pond using standard fishing nets. The species

selected for analysis included commercially important species like Labeo rohita (Rohu), Catla catla

(Catla), and Cyprinus carpio (Common Carp). These species were chosen because they are abundant in

the pond and serve as important fish species in the local fishery. A total of 30 fish specimens were

collected (10 from each species). The fish were immediately sacrificed for analysis, and their tissues

were dissected. The following tissues were preserved for fluoride analysis: muscle, liver, and kidney.

Water Quality Parameters : In addition to fluoride analysis, several other water quality parameters

were measured to understand the overall health of the pond and the environmental conditions during

the study period. These parameters included:

e pH: Measured using a portable pH meter.

o Temperature: Recorded using a mercury thermometer.

e Dissolved Oxygen (DO): Measured using a DO meter

e Turbidity: Measured using a turbidity meter

e Electrical Conductivity (EC): Measured using a conductivity meter.

e Total Dissolved Solids (TDS): Measured using a TDS meter. All measurements were taken at each
sampling location and repeated three times to ensure accuracy.

Fluoride Analysis : The fluoride concentration in the water samples was determined using an ion-

selective electrode (ISE) method. A known volume of water sample was mixed with a buffer solution,

and the fluoride concentration was measured using the fluoride ion-selective electrode connected to a

digital pH/ISE meter (Model: [insert model number]). The fluoride concentrations were recorded in
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mg/L. In addition to the ISE method, fluoride levels were also confirmed using the colorimetric method,
based on the reaction of fluoride ions with a reagent to form a colored complex. The absorbance of the
complex was measured at 570 nm using a spectrophotometer.

Fish Tissue Fluoride Concentration : The fish tissue samples (muscle, liver, and kidney) were
prepared for fluoride analysis by first being dried at 60°C for 48 hours in a drying oven. The dried
samples were then powdered using a mortar and pestle. A known weight (1 g) of the powdered tissue
was digested in a mixture of concentrated nitric acid (HNO3) and perchloric acid (HCIO4) in a fume
hood, following standard acid digestion procedures. The resulting solution was filtered and made up to
a known volume with distilled water. The fluoride concentration in the tissue samples was determined
using the fluoride ion-selective electrode (ISE) method described earlier. Fluoride concentrations in the
tissues were expressed as mg/kg of tissue.

Statistical Analysis : The data were analyzed using descriptive statistics, including mean and standard
deviation, to summarize the fluoride concentrations in water and fish tissues. Differences in fluoride
concentrations across different sampling locations and fish species were tested using Analysis of
Variance (ANOVA). A significance level of p < 0.05 was considered statistically significant. All statistical
analyses were performed using SPSS Statistics 20.

RESULTS AND DISCUSSION
Water Fluoride Concentration :

The fluoride concentration in water samples from Maharaja Pond varied across different
locations and seasons. In the pre-monsoon season, fluoride concentrations ranged from 1.2 mg/L to 3.4
mg/L, with the highest levels found near the inlet area, where agricultural runoff is more pronounced.
In the post-monsoon season, fluoride levels were slightly lower, ranging from 1.0 mg/L to 2.8 mg/L.
However, these levels were still above the permissible limit of 1.5 mg/L for fluoride in drinking water,
as recommended by the World Health Organization (WHO) and the Bureau of Indian Standards (BIS).
The highest fluoride concentration in the water was recorded near areas with higher human activity,
indicating the possible influence of local pollutants such as fertilizers and industrial waste.

The observed seasonal variation in fluoride concentrations may be attributed to differences in
water dilution, the impact of monsoon rains, and the fluctuating influence of surrounding agricultural
runoff. During the post-monsoon season, the increased water volume likely helped to dilute the fluoride
concentration, but the levels remained concerning and above safe limits for both aquatic organisms and
human consumption.

Fish Tissue Fluoride Concentration :

Fluoride concentrations were detected in all fish species analyzed (Labeo rohita, Catla catla, and
Cyprinus carpio). The highest fluoride accumulation was observed in the liver and kidney tissues,
followed by the muscle tissues.

Table 1: The fluoride concentrations in the fish tissues

Fish Species Muscle (mg/kg) Liver (mg/kg) Kidney (mg/kg)
Labeo rohita 0.38+0.12 1.20+0.23 1.50+0.30
Catla catla 0.34 +0.08 1.18+0.22 1.45+0.25
Cyprinus carpio 042 +0.10 1.30+0.20 1.60 £ 0.28

Table 1: Fluoride concentration in fish tissues (mean # standard deviation) collected from Maharaja
Pond, Mauganj.

The results clearly indicate a higher bioaccumulation of fluoride in the liver and kidney tissues
compared to muscle tissue across all species. The liver and kidneys are major detoxifying organs in fish,
and the elevated fluoride concentrations in these tissues suggest that fluoride is accumulating through
the gills and digestive system, with subsequent deposition in these organs. The concentration of
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fluoride in fish tissues was significantly higher than the control group of fish from an uncontaminated
pond, indicating the toxic impact of fluoride exposure in the Maharaja Pond.

Behavioral and Physiological Observations:

Fish sampled from the Maharaja Pond exhibited several behavioral changes likely due to
fluoride toxicity. Fish were observed to swim erratically, often near the water surface, and
demonstrated reduced responsiveness to external stimuli. These behavioral changes are indicative of
neurological and sensory impairments caused by fluoride toxicity. Additionally, growth retardation was
observed in fish exposed to high fluoride concentrations. Fish from the Maharaja Pond were smaller in
size compared to those from the control pond, suggesting that chronic fluoride exposure may be
inhibiting normal growth and development. This is consistent with previous studies indicating that high
fluoride exposure can reduce growth rates in fish by affecting enzyme activity and metabolic processes.

Histopathological Findings :

Histopathological examination of liver and kidney tissues from fish exposed to fluoride revealed
significant cellular damage, including necrosis and inflammation. In the liver, the tissue showed areas of
cellular degeneration, vacuolization, and focal necrosis, while kidney tissues exhibited glomerular
damage and tubular degeneration. These findings are consistent with the effects of fluoride toxicity,
where excessive accumulation of fluoride in these organs leads to impaired cellular function and tissue
damage.

Comparison with Other Studies:

The results of this study align with other research on fluoride toxicity in freshwater fish. For
instance, a study by Sharma et al. (2018) reported similar tissue damage in fish exposed to high fluoride
concentrations in water bodies of Rajasthan, India. Furthermore, studies by Kumar and Gupta (2017)
have shown that fluoride can interfere with various biochemical processes in fish, leading to reduced
reproductive success, metabolic disturbances, and increased susceptibility to diseases.

In contrast to other studies, the fluoride levels in Maharaja Pond were relatively high compared
to some other freshwater systems in India, which indicates a potentially more severe environmental
impact. The consistent presence of elevated fluoride concentrations in both water and fish tissues
suggests that the pond may be at risk of long-term ecological damage if the contamination persists.

Environmental and Health Implications:

The elevated fluoride levels in both the water and fish tissues of Maharaja Pond pose significant
risks to the aquatic ecosystem and to humans who depend on the pond for fishing and water
consumption. The bioaccumulation of fluoride in fish tissues could lead to risks for human consumers,
as chronic exposure to high fluoride levels is associated with dental and skeletal fluorosis. The long-
term health effects of consuming contaminated fish and water from such ponds should be investigated
further to assess the public health risks. Moreover, the impaired health of fish populations in the pond
could disrupt local fisheries and affect the livelihood of people who rely on fishing for sustenance. The
observed toxic effects on fish also indicate potential cascading effects on the food web, as the disruption
of fish populations may impact predators and other organisms dependent on them.

The study clearly demonstrates that fluoride contamination in Maharaja Pond, Mauganj, poses
significant toxic risks to both water quality and aquatic organisms. The elevated fluoride levels in water
and fish tissues indicate potential ecological and public health threats. These findings highlight the
urgent need for regular monitoring of fluoride concentrations in freshwater bodies and the
implementation of pollution control measures to prevent further deterioration of water quality and
protect aquatic life. Additionally, public awareness and intervention are necessary to reduce the
sources of fluoride pollution in the area.
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CONCLUSION :

The study on fluoride toxicity in water and fish species of Maharaja Pond, Mauganj, has revealed
significant levels of fluoride contamination that exceed the permissible limits for safe water quality.
Both water samples and fish tissues exhibited elevated fluoride concentrations, with fish, particularly in
their liver and kidney tissues, showing considerable bioaccumulation. The fluoride levels in the pond
were found to be higher than those in nearby uncontaminated water bodies, indicating that the pond is
adversely affected by local anthropogenic activities such as agricultural runoff and industrial effluents.

Behavioral and physiological disruptions were observed in fish exposed to elevated fluoride
concentrations, including erratic swimming patterns, reduced growth, and histopathological damage to
vital organs such as the liver and kidneys. These findings suggest that prolonged exposure to high
fluoride levels in aquatic environments can lead to significant ecological consequences, including the
deterioration of fish health and the disruption of local fish populations.

The fluoride contamination in Maharaja Pond not only poses a risk to aquatic life but also has
potential implications for public health, especially for communities dependent on the pond for drinking
water and fish consumption. The bioaccumulation of fluoride in fish tissues highlights the importance of
assessing the risks of consuming contaminated aquatic organisms. This study underscores the need for
regular water quality monitoring, better management of agricultural runoff, and strict regulation of
industrial discharges to prevent further contamination of freshwater resources. Furthermore, public
awareness regarding the potential dangers of fluoride exposure and its impact on both human and
ecological health is crucial. To safeguard the aquatic ecosystem and public health, immediate action is
needed to mitigate fluoride pollution in Maharaja Pond. Further research is also necessary to assess the
long-term effects of fluoride contamination on the aquatic ecosystem and to develop strategies for its
remediation.
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