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Abstract 
 

Groundwater quality issues in India have severe implications for human health and the 

environment. The deterioration of groundwater quality is mainly caused by anthropogenic 

activities such as agricultural practices, industrialization, urbanization, and domestic sewage 

disposal. Arsenic, fluoride, and nitrate contamination are the most significant groundwater 

quality issues in India. Remediation of groundwater contamination is a challenging task and 

requires a multidisciplinary approach. Several remediation techniques, such as physical, 

chemical, and biological methods, have been implemented to mitigate groundwater 

contamination in India. Community-based remediation plants have been successful in 

providing safe drinking water to the affected population. This article provides an overview of 

the groundwater quality issues in India, their causes and impacts, and various remediation 

strategies implemented to mitigate contamination. 

 

Introduction 
 

Groundwater is an essential resource for human life and the environment, and it plays a 

crucial role in India's economy. About 80% of India's rural water needs and 50% of urban 

water needs are met by groundwater. However, the quality of groundwater in India has been 

deteriorating over the years due to various anthropogenic activities, such as agricultural 

practices, industrialization, urbanization, and domestic sewage disposal. 

 

Groundwater Quality Issues in India 
 

Groundwater quality issues in India are widespread and have been a cause of concern for 

many years. The main sources of groundwater contamination in India are: 

 

Agricultural practices: Agricultural practices such as excessive use of fertilizers and 

pesticides have resulted in groundwater contamination. The excessive use of fertilizers and 

pesticides has led to high levels of nitrate and pesticide residues in groundwater, which pose a 

significant risk to human health. 

 

Industrialization: The rapid industrialization in India has led to the release of various toxic 

chemicals and heavy metals into the environment. The discharge of untreated industrial 

wastewater into rivers and other water bodies has resulted in the contamination of 

groundwater. 

 

Urbanization: The rapid urbanization in India has led to increased domestic sewage disposal, 

which has resulted in groundwater contamination. The lack of adequate sewage treatment 

facilities in urban areas has led to the discharge of untreated sewage into the environment, 

contaminating groundwater. 

 



Natural sources: Natural sources of groundwater contamination in India include arsenic and 

fluoride. Arsenic contamination is mainly found in the Ganga-Brahmaputra basin, while 

fluoride contamination is widespread across several states in India. 

 

Effects of Groundwater Contamination on Human Health 
 

Groundwater contamination can have severe effects on human health, depending on the type 

and extent of contamination. Some of the effects of groundwater contamination on human 

health are: 

 

Acute health effects: Acute health effects of groundwater contamination include 

gastrointestinal illnesses, skin rashes, and respiratory problems. These health effects are 

typically caused by exposure to high levels of bacteria, viruses, and other microorganisms in 

contaminated groundwater. 

 

Chronic health effects: Chronic health effects of groundwater contamination include various 

types of cancers, reproductive disorders, and neurological disorders. These health effects are 

typically caused by exposure to toxic chemicals and heavy metals in contaminated 

groundwater. 

 

Remediation of Groundwater Contamination 
 

Remediation of groundwater contamination is a challenging task and requires a 

multidisciplinary approach. The remediation of groundwater contamination involves various 

techniques, such as physical, chemical, and biological methods. 

 

Physical methods: Physical methods of remediation include the use of pumps, wells, and 

barriers to remove or contain the contaminated groundwater. Pump and treat systems involve 

pumping contaminated groundwater from an aquifer to the surface, treating it, and then 

returning it to the aquifer. Permeable reactive barriers involve the installation of a reactive 

material in the groundwater flow path to treat the contaminants. 

 

Chemical methods: Chemical methods of remediation include the use of oxidants, reducing 

agents, and chelating agents to treat the contaminants. Chemical oxidation involves the use of 

oxidants such as hydrogen peroxide and ozone to break down the contaminants. Chemical 

reduction involves the use of reducing agents such as zero-valent iron to convert the 

contaminants to less harmful forms. Chelating agents are used to immobilize heavy metals in 

the soil and prevent them from leaching into groundwater. 

 

Biological methods: Biological methods of remediation involve the use of microorganisms to 

degrade or immobilize the contaminants. Bioremediation involves the use of microorganisms 

to degrade organic contaminants in the groundwater. Phytoremediation involves the use of 

plants to absorb and translocate contaminants from the groundwater to the atmosphere or soil. 

 

Case Studies 
 

Arsenic contamination in West Bengal 

 

Arsenic contamination in West Bengal is one of the most significant groundwater quality 

issues in India. The contamination is mainly found in the Ganga-Brahmaputra basin, affecting 



millions of people. The primary source of arsenic contamination is natural, with the element 

leaching from the surrounding rocks and soil. The contamination is severe in the shallow 

aquifers, which are the primary source of drinking water for the local population. 

 

Several remediation techniques have been implemented to mitigate the arsenic contamination 

in West Bengal. The most common method is the installation of community-based arsenic 

removal plants, which use activated alumina, iron oxide-coated sand, or other materials to 

remove arsenic from the water. The plants are operated and maintained by the local 

community and have been successful in providing safe drinking water to the affected 

population. 

 

Fluoride contamination in Rajasthan 

 

Fluoride contamination is widespread in several states in India, with Rajasthan being one of 

the most affected. The contamination is mainly caused by the dissolution of fluoride-rich 

rocks and minerals in the groundwater. The high fluoride concentration in the water leads to 

dental and skeletal fluorosis, a debilitating disease that affects millions of people in India. 

 

Several remediation techniques have been implemented to mitigate the fluoride 

contamination in Rajasthan. The most common method is the installation of community-

based defluoridation plants, which use activated alumina or bone char to remove fluoride 

from the water. The plants are operated and maintained by the local community and have 

been successful in providing safe drinking water to the affected population. 

 

Nitrate contamination in Punjab 

 

Nitrate contamination is a widespread issue in Punjab, mainly caused by excessive use of 

fertilizers and pesticides in agriculture. The contamination is severe in the shallow aquifers, 

which are the primary source of drinking water for the local population. High levels of nitrate 

in the water can cause methemoglobinemia, also known as blue baby syndrome, in infants. 

 

Several remediation techniques have been implemented to mitigate the nitrate contamination 

in Punjab. The most common method is the installation of community-based nitrate removal 

plants, which use ion exchange resins or reverse osmosis to remove nitrate from the water. 

The plants are operated and maintained by the local community and have been successful in 

providing safe drinking water to the affected population. 

 

Conclusion 
 

Groundwater quality issues in India are widespread and have severe implications for human 

health and the environment. The deterioration of groundwater quality is mainly caused by 

anthropogenic activities such as agricultural practices, industrialization, urbanization, and 

domestic sewage disposal. The remediation of groundwater contamination is a challenging 

task and requires a multidisciplinary approach. Several remediation techniques, such as 

physical, chemical, and biological methods, have been implemented to mitigate groundwater 

contamination in India. Community-based remediation plants have been successful in 

providing safe drinking water to the affected population. However, there is a need for 

sustained efforts to address the groundwater quality issues in India and ensure the availability 

of safe drinking water for all. 

 


