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Abstract 

This study examines the acute toxicity of cadmium (Cd^2+) on juvenile fish, focusing on its physiological and biochemical 

impacts. Given the increasing contamination of aquatic environments with heavy metals, understanding the specific effects of 

cadmium is crucial for wildlife conservation and environmental management. The research assesses mortality rates, behavioral 

changes, and biochemical markers of stress in exposed fish, providing a comprehensive overview of cadmium’s toxicity. 
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Introduction 

Cadmium is a heavy metal with significant environmental 

and health implications. It is a common pollutant in aquatic 

systems, primarily due to industrial discharge and 

agricultural runoff. Juvenile fish are particularly vulnerable 

to cadmium exposure, which can affect their development, 

behavior, and survival. This study aims to elucidate the 

acute impacts of cadmium on juvenile fish, contributing to a 

deeper understanding of its ecological consequences. By 

exploring how cadmium influences survival and stress 

markers, this research will inform strategies to mitigate its 

effects on aquatic biodiversity. 

Cadmium (Cd) is a pervasive environmental pollutant 

primarily derived from industrial activities such as mining, 

smelting, and the manufacture of batteries, as well as from 

phosphate fertilizers in agriculture (Godt et al., 2006). Once 

released into the environment, cadmium can remain 

bioavailable and toxic to aquatic organisms for extended 

periods, posing serious threats to aquatic biodiversity 

(Nordberg, 2009). 

 

Literature Review 

Cadmium exposure has been shown to induce both acute 

and chronic toxicological effects in aquatic organisms. 

Acute exposure can lead to immediate physiological and 

behavioral disruptions, while chronic exposure affects 

reproduction, growth, and long-term survival (Hogstrand 

and Wood, 1998). In fish, cadmium uptake primarily occurs 

through the gills and digestive tract, leading to its 

accumulation in vital organs where it can exert toxic effects 

by disrupting metabolic and physiological processes 

(Jezierska & Witeska, 2006). 

The toxicity of cadmium stems from its ability to induce 

oxidative stress, disrupt cellular function by displacing 

essential metals in enzymatic systems, and interfere with 

calcium signaling (Atli & Canli, 2007). Cadmium is also 

known to affect the neuroendocrine system, leading to 

altered levels of stress hormones such as cortisol, which 

further impacts fish health and behavior (Bury et al., 2003). 

Behavioral alterations, such as changes in swimming 

activity and feeding behavior, are among the earliest 

indicators of cadmium exposure in fish (Scott & Sloman, 

2004). On a biochemical level, markers such as lactate 

dehydrogenase activity increase in response to tissue 

damage, and antioxidants like glutathione are depleted in 

response to oxidative stress caused by cadmium (Pan et al., 

2006). 

The ecological consequences of cadmium pollution are 

significant, affecting not only individual species but also 

community structure and ecosystem functions (Sorensen, 

1991). The sensitivity of juvenile fish to cadmium is 

particularly concerning, as it impacts recruitment and the 

sustainability of fish populations (Handy, 2003). 

 

Methodology 

Study Area and Sampling: Juvenile fish of the species 

Danio rerio were acclimated in a controlled laboratory 

setting with conditions mirroring their natural habitat. Water 

quality was maintained within optimal ranges for 

temperature, pH, and oxygen levels. 

 

Experimental Design: Fish were exposed to different 

concentrations of cadmium (0, 0.5, 1, 5, and 10 mg/L) for 

48 hours. Each treatment group consisted of 30 fish, with 

three replicates per concentration. 

 

Data Collection: Mortality was recorded every 6 hours. 

Behavioral changes were assessed using standard 

ethological tests, and blood samples were collected at the 

end of the exposure period to measure stress markers 

(cortisol levels, glutathione levels, and lactate 

dehydrogenase activity). 

 

Statistical Analysis: Data were analyzed using ANOVA to 

compare means between treatment groups, followed by 

Tukey’s post-hoc test for pairwise comparisons. A 

significance level of p<0.05 was used. 

 

Results 

The mortality rate increased significantly with cadmium 

concentration, with the highest mortality observed at 10 

mg/L. 

 
Cadmium Concentration (mg/L) Mortality Rate (%) 

0 0 

0.5 5 

1 10 

5 50 

10 90 
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Behavioral lethargy and reduced feeding activity were noted 

as cadmium concentrations increased, indicating stress and 

potential neurotoxic effects. Cortisol levels and lactate 

dehydrogenase activity were elevated in a dose-dependent 

manner, while glutathione levels decreased, suggesting 

oxidative stress. 

 

Discussion 

The results clearly indicate that cadmium has a dose-

dependent toxic effect on juvenile fish. Mortality rates 

escalated with higher concentrations, which is consistent 

with previous findings on cadmium’s lethality in aquatic 

organisms. The observed behavioral changes - such as 

lethargy and decreased feeding - suggest that cadmium may 

disrupt neurological functions and energy metabolism, 

which could have long-term effects on survival and growth. 

The biochemical data further support these findings. 

Elevated cortisol and lactate dehydrogenase activities are 

indicative of acute stress and cellular damage, respectively. 

The reduction in glutathione, a critical antioxidant, points to 

oxidative stress as a key mechanism of cadmium toxicity. 

These markers are useful not only for assessing health 

impacts but also for establishing biomarkers for 

environmental monitoring. 

 

Conclusion 

This study confirms that cadmium is acutely toxic to 

juvenile fish, with significant implications for their survival, 

behavior, and physiological health. The dose-dependent 

increases in mortality and stress markers underscore the 

need for urgent measures to control cadmium pollution in 

aquatic environments. Effective management strategies and 

stricter regulatory policies are essential to mitigate the 

environmental and ecological risks posed by cadmium, 

thereby protecting aquatic life and maintaining biodiversity 

in affected habitats. The findings from this study provide a 

scientific basis for regulatory actions and highlight the 

importance of continued research into the effects of 

pollutants on aquatic organisms. 
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