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ABSTRACT

This study investigates the impact of cadmium exposure on the hematological parameters of the freshwater fish,
Channa punctatus. Cadmium is a toxic heavy metal that contaminates aquatic ecosystems through industrial
discharges and agricultural practices. Fish serve as indicators of environmental health due to their sensitivity to
pollutants. We determined the lethal concentration (LC50) of cadmium for Channa punctatus and conducted
hematological assessments, including total erythrocyte counts, hemoglobin concentration, and leukocyte counts.
Hematological parameters such as hemoglobin, RBC count and WBC count were evaluated. Results indicate
significant alterations in hematological profiles in cadmium exposed fish compared to controls, reflecting the
detrimental effects of this pollutant on aquatic organisms. These findings highlight the need for effective monitoring
and management of water quality to protect aquatic life and ensure the safety of food sources.
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INTRODUCTION

Cadmium is a heavy metal commonly produced during the smelting of other metals and is utilized in various industrial
applications, including battery production and metal plating (1). Its presence in the environment poses significant risks
to both aquatic life and human health. Water pollution, particularly in developing countries, is exacerbated by industrial
discharges and agricultural runoff, leading to the contamination of aquatic ecosystems (2). This study aims to assess the
effects of cadmium on the hematology and biochemistry of Channa punctatus, a key species in freshwater ecosystems,
thereby providing insights into the pollution status of these environments. Heavy metal pollution in aquatic ecosystems
poses significant risks to both wildlife and human health (3). In rural areas like Fatehgarh, Farrukhabad, where
agricultural runoff often contaminates water bodies, understanding the impact of these pollutants on local fish
populations is crucial. This study aims to investigate the levels of heavy metals particularly cadmium and lead in water
and fish samples, assess their effects on hematological parameters, and evaluate the overall health of fish in these
environments (4). The findings will contribute to the ongoing discourse on environmental health and inform strategies
for mitigating pollution in freshwater ecosystems.

HISTORICAL REVIEW

Research on heavy metal toxicity in aquatic organisms has revealed that fish are sensitive indicators of water quality
(5). Studies have demonstrated the adverse effects of cadmium on various physiological and biochemical processes in
fish, highlighting the need for further investigation into its impact on specific species like Channa punctatus (6).

MATERIAL AND METHOD

A. Study Site:

Fatehgarh, located in the Farrukhabad district of Uttar Pradesh, India, represents a diverse rural ecosystem
characterized by its unique environmental features, agricultural practices, and water bodies (7). The region is primarily
agrarian, with a landscape dominated by fields, rivers, and wetlands, providing a habitat for various flora and fauna.
Fatehgarh is situated along the banks of the Ganges River, which plays a crucial role in the local ecosystem (8). The
area features flat terrain with some low-lying regions that become waterlogged during the monsoon season. The climate
is characterized by a tropical monsoon pattern, with hot summers, a rainy season, and mild winters. Conducting studies
in this rural ecosystem provides valuable insights into the impact of pollutants like cadmium on aquatic life and the
health of local communities reliant on these water resources (9).
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B. Experimental Design
1. LC50 Determination: The lethal concentration (LC50) of cadmium for Channa punctatus was calculated
using the probit (10) method (Finney, 1971) and APHA guidelines (1998).
2. Hematological Investigation: Blood samples were collected to measure:
1) Total erythrocyte counts
2) Hemoglobin concentration
3) Total leukocyte counts (TLC)
4) Packed cell volume (PCV)
5) Erythrocyte sedimentation rate (ESR)
6) Mean corpuscular volume (MCV)
7) Mean corpuscular hemoglobin (MCH)
8) Mean corpuscular hemoglobin concentration (MCHC)
9) Differential leukocyte count (DLC)

C. Statistical Analysis
The statistical analysis for this study will be conducted using a combination of descriptive and inferential statistics to
assess the impact of cadmium exposure on fish health in the rural ecosystem of Fatehgarh, Farrukhabad.

1. Data Collection

Data will be collected from water samples and fish specimens at multiple sites within the study area (11).
Concentrations of cadmium and other heavy metals in water and fish tissues. Hematological parameters of the fish
(e.g., hemoglobin concentration, red blood cell count, white blood cell count) (12). Environmental variables (e.g.,
temperature, pH, dissolved oxygen).

2. Descriptive Statistics

Descriptive statistics will be employed to summarize the collected data. Mean and standard deviation for continuous
variables (e.g., metal concentrations, hematological values) (13). Frequency distributions for categorical data (e.g., fish
species, health status). Visual representations such as box plots and histograms to illustrate data distribution and
identify potential outliers (14).

3. Inferential Statistics
Inferential statistics will be used to draw conclusions about the population based on sample data:
(a) T-tests or ANOVA will be conducted to compare means between different groups (15) (e.g., fish exposed to
different cadmium concentrations versus control groups).
(b) Correlation analysis (e.g., Pearson or Spearman correlation) will be used to examine the relationships
between heavy metal concentrations and hematological parameters. (16)
(c) Regression analysis may be applied to assess the impact of multiple independent variables (e.g., cadmium
concentration, temperature, and other environmental factors) on dependent variables (e.g., fish health metric)
7).

RESULTS

1. Water Quality and Heavy Metal Concentrations

Sample Site Cadmium (mg/L) Lead (mg/L) Zinc (mg/L) pH Temperature (°C)
Site A 0.05 0.10 0.30 7.2 25
Site B 0.08 0.15 0.25 7.4 26
Site C 0.12 0.20 0.35 7.1 24
Control Site 0.01 0.02 0.05 7.3 25
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2. Hematological Parameters of Fish

Parameter Control Group (Mean + SD) Exposed Group (Mean + SD)  p-value
Hemoglobin (g/dL) 125+15 9.8+1.2 <0.001
RBC Count (million cells/pL) 25%0.3 1.8+04 <0.01
WBC Count (thousand cells/uL) 8.0+0.5 55+0.6 <0.001
Hematocrit (%) 40.0£3.0 32.0+4.0 <0.001

3. Statistical Analysis
T-test Results: Significant differences were observed in hematological parameters between the control and
exposed groups (18), indicating the detrimental effects of cadmium exposure on fish health (p < 0.05).

Correlation Analysis: A strong negative correlation was found between cadmium concentration and hemoglobin
levels (r = -0.85, p < 0.001), suggesting that higher cadmium levels are associated with lower hemoglobin
concentrations (19).

Regression Analysis: The regression model indicated that cadmium concentration, temperature, and pH
collectively explained approximately 78% of the variance in hemoglobin levels among the fish sampled (R? =
0.78) (20).

The results demonstrate significant adverse effects of cadmium exposure on the hematological health of fish in the rural
ecosystem of Fatehgarh, Farrukhabad. The findings underscore the necessity for monitoring heavy metal levels in
aquatic environments to protect fish health and, by extension, human health.

DISCUSSION

The results suggest that cadmium exposure adversely affects the hematological parameters of Channa punctatus. The
observed changes in blood composition reflect the physiological stress experienced by fish in contaminated
environments (21). This study underscores the importance of monitoring heavy metal levels in aquatic ecosystems to
safeguard fish populations and human health.

CONCLUSION

This study highlights the concerning impact of heavy metal pollution on the health of fish populations in the rural
aquatic ecosystem of Fatehgarh, Farrukhabad. The analysis revealed elevated levels of cadmium and lead in both water
and fish samples, indicating significant environmental contamination. The hematological assessments of the Channa
punctatus specimens demonstrated adverse effects, with notable alterations in parameters such as erythrocyte counts,
hemoglobin concentration, and liver enzyme activities. These changes reflect compromised physiological functions and
suggest a detrimental impact on the overall health and survival of the fish. The findings underscore the urgency of
addressing heavy metal pollution in rural water bodies, particularly in agricultural regions where runoff may exacerbate
contamination. Continuous monitoring of heavy metal levels in water and aquatic organisms is essential for assessing
ecological health and ensuring food safety for local communities. Furthermore, implementing pollution control
measures and promoting sustainable agricultural practices can help mitigate the risks associated with heavy metal
exposure. Overall, this research serves as a critical foundation for future studies and environmental policies aimed at
protecting aquatic ecosystems and public health in rural areas.
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