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Abstract. 

Human activities have a profound effect on aquatic habitats by altering water and sediment quality, 

which in turn impacts resident organisms. These changes are primarily caused by pollutants from 
agricultural, industrial, and health-related sources. Industrial effluents, often containing hazardous 

heavy metals such as chromium, manganese, and lead, are a major source of environmental toxicity. 
The discharge of these pollutants makes water unsafe for drinking, irrigation, and industrial uses, 

necessitating effective management strategies to safeguard environmental health and biodiversity. 
Heavy metal contamination originates from various sources, including industrial processes like 

leather tanning, chrome plating, and battery manufacturing. Agricultural runoff, carrying fertilizers 
and pesticides, and thermal pollution from power plants also contribute significantly to this issue. 

Additionally, the rapid growth of the electronics industry and the resultant e-waste exacerbate heavy 
metal pollution in water bodies. The consequences of heavy metal pollution on aquatic environments 

are severe. While metals like iron, copper, and zinc are essential for cellular functions, others like 
lead can be toxic even in small amounts. The increasing levels of heavy metal contamination, 

particularly in areas such as China, highlight the urgent need for developing sustainable and cost-
effective methods for removing these pollutants from water. Addressing this issue is crucial for 

reducing its negative impact on ecosystems and ensuring the health of both aquatic life and human 
populations. Moreover, implementing stricter regulations on industrial discharge, promoting eco-

friendly agricultural practices, and enhancing public awareness about the sources and impacts of 

heavy metal pollution are essential steps toward mitigating this environmental challenge. 
Collaborative efforts between governments, industries, and communities will be key in creating a 

clean and safe aquatic environment for future generations. 
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INTRODUCTION 

Human activities influence aquatic habitats by modifying water and sediment quality, which affects 
the resident organisms. These activities are the 

primary contributors to heightened environmental 
toxicity, posing substantial risks to ecosystems and 

organisms. Marine ecosystems near developed 
regions are subjected to various pollutants, such as 

agricultural, industrial, and health-related 
contaminants [1–3]. Effluents discharged from 

industrial activities frequently contain a diverse 
array of hazardous heavy metal pollutants. 

Effective management of these pollutants is 

essential for safeguarding environmental health 
and biodiversity

 
[4, 5]. The wastewater released by 

industries into water bodies often contains harmful 
substances such as phenols, oils, pesticides, heavy 

metals, xenobiotic, and polycyclic aromatic 
hydrocarbons (PAHs) [6, 7].Several freshwater 
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resources have been reported to exceed safe levels of heavy metals such as chromium (Cr), 
manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), cadmium (Cd), and lead 

(Pb). As a result, the water available is deemed unsafe for domestic consumption, irrigation, and 
industrial purposes. Heavy metal poisoning significantly impacts the hematobiochemical parameters 

of fish, causing various abnormalities in their blood cells at both the cellular and nuclear levels. This 
toxicity has also been associated with genetic defects and severely impairs fish reproductive 

performance. Previous studies have shown numerous reproductive issues, such as reduced fecundity 
or Gonadosomatic Index (GSI), lower hatching and fertilization rates, and abnormalities in 

reproductive organs, which ultimately diminish the reproductive efficiency of fish [8]. 

 

SOURCES OF HEAVY METALS 

Sources of toxic heavy metal ion contamination in water are particular types of pollution that lead 

to elevated levels of heavy metal ions in water. These sources discharge contaminants directly into 

nearby water bodies or environmental sources, causing serious environmental and health issues [9]. 

 

INDUSTRIAL EFFLUENTS 
Various industrial processes contribute to heavy metal contamination including: Leather tanning, 

Chrome plating, Battery manufacturing, Glass production, Agricultural activities, Domestic waste 

management, Pharmaceutical manufacturing. These processes release toxic metal ions into the 

environment, leading to significant contamination [6]. However, the main issue is the growing presence 

of these metals due to human industrial activities, including increased industrial effluents and wastes, oil 

pollution, toxins, and pests [7]. These pollutants both reduce the amount of oxygen dissolved in water 

and directly impact fish, leading to their loss. Water pollution is primarily caused by pollutants including 

acids, toxic metals, agrochemicals, dyes, and other untreated waste released by factories. The discharge 

of materials not only leads to pollution but also results in the loss of biodiversity in aquatic ecosystems 

and may pose health risks to humans. Untreated discharge of industrial effluents into water bodies is the 

leading cause of surface and groundwater pollution [9–11]. 

 

AGRICULTURE 

In rural areas, where the population is lower, water bodies are primarily contaminated by fertilizers, 

pesticides, and eroded soil. These pollutants are carried into water bodies through runoff following 

rain and floods [9]. Research indicates that non-point source pollution, stemming from agricultural 

and industrial activities without a single identifiable source, significantly contributes to the presence 

of cadmium, nickel, lead, zinc, arsenic, and mercury in the environment [12–15]. 

 

POWER PLANT 

The rising demand for coastal power stations has heightened concerns about their environmental 

impact, especially regarding plankton entrainment in cooling waters [16–18]. Drawing in large 

volumes of seawater for cooling purposes can inadvertently capture and harm plankton, which are 

vital to marine ecosystems. Furthermore, discharging warmer water back into the environment can 

lead to thermal water pollution, altering the natural water temperature. This change can degrade water 

quality and disrupt the balance of marine life. Releasing hot water into lakes, rivers, stream, and 

ponds can harm aquatic ecosystems. Eutrophication is triggered by a rise in decomposed nutrient 

concentrations in water, often leading to algae blooms. These blooms block sunlight from reaching 

the aquatic plants below [19, 20]. 

 

E-WASTE 

The electronics industry is among the largest and fastest-growing sectors worldwide. People 

heavily rely on modern technologies for a luxurious lifestyle. Consequently, the global demand and 

consumption rate of these devices have increased significantly [13]. The global production of e-waste 

is rising almost three times faster than the increase in overall municipal solid waste. Research by the 

Institute for Applied Ecology (Öko-Institute) revealed that residents living near the Lagoon, where 
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there are uncontrolled dumping and e-waste recycling activities, expressed concerns about the 

negative effects on the aquatic life in nearby water bodies [21, 22]. 

 

IMPACT OF HEAVY METAL ON AQUATIC ENVIRONMENT 

Along with carbohydrates, lipids, amino acids, and vitamins, certain heavy metals are crucial for 

cellular functions. For example, iron is essential for life, whereas metals like copper and zinc play a 

key role in enzyme activity in small quantities. However, metals like lead, although necessary in trace 

amounts, can be harmful. Heavy metal pollution in water has emerged as a major global 

environmental issue, with China experiencing particularly significant problems [23–25]. Recent water 

quality assessments reveal rising levels of heavy metal contamination in major Chinese lakes and 

rivers. For instance, the Pearl River annually receives around 3,000 tons of lead, 15,000 tons of zinc, 

300 tons of cadmium, and 1,000 tons of arsenic, primarily from activities such as ship maintenance, 

metal corrosion, and pesticide use. Given the drawbacks of current physiochemical methods, there is a 

pressing need to create cost-effective and environmentally sustainable approaches for the efficient 

removal of heavy metals from water [26]. 

 

CONCLUSIONS 

The profound influence of human activities on aquatic environments underscores the urgent need 

for effective strategies to mitigate pollution. The discharge of industrial effluents, agricultural runoff, 

power plant operations and improper disposal of electronic waste significantly contributes to heavy 

metal contamination in water bodies. These pollutants not only compromise water quality but also 

pose severe risks to aquatic life and human health. Heavy metals, while essential in trace amounts for 

various biological functions become detrimental in excess, leading to ecological imbalance and health 

hazard. Given the complexity and scale of the problem, it is crucial to adopt integrated management 

practices that combine regulatory measures, technological innovations and public awareness 

initiatives. Emphasizing sustainable industrial processes, improving waste management systems and 

promoting cleaner agricultural practices are essential steps toward reducing heavy metal pollution. 

Additionally, advancing research into cost effective and eco-friendly methods for heavy metal 

removal from water is imperative to address this growing environmental challenge. Ensuring the 

protection of aquatic ecosystems and human health requires concerted efforts and a holistic approach 

to pollution management. 
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