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Abstract

This study investigates the issue of drinking water contamination in Saran District, Bihar, highlighting its causes,
consequences, and potential solutions. The primary objective of the research is to assess the extent of water
contamination in the district, identify the key sources of contamination, and evaluate the public health implications.
Saran District, located in the northern part of Bihar, faces a significant challenge regarding the availability of clean
and safe drinking water. This study aims to identify the pollutants present in local water sources, such as wells, rivers,
and tube wells, and to analyze the level of contamination, particularly focusing on substances like arsenic, fluoride,
and microbial pathogens. The research employs a combination of field surveys, water sampling, and laboratory
analysis to determine the water quality across different regions of Saran. Water samples are collected from various
rural and urban areas, and their chemical and microbiological parameters are tested according to standard methods.
The results reveal that a significant proportion of the water sources in Saran are contaminated, with high levels of
arsenic and bacterial contamination being prevalent in several regions. This contamination has led to a rise in
waterborne diseases, such as diarrhea, dysentery, and cholera, which affect a large portion of the population, especially
children and the elderly. The findings underscore the urgent need for better water quality management, including the
introduction of water treatment technologies, regular monitoring, and awareness campaigns. The study concludes that
addressing drinking water contamination in Saran is crucial for public health improvement, with both government
intervention and community participation playing vital roles in ensuring safe drinking water for all residents. This
research also recommends further investigation into alternative water sources and the promotion of sustainable water
purification techniques in the region.
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1. Introduction

Saran District, located in the state of Bihar, is one of the key regions in northern India, known for its rich agricultural
history and vital role in the state’s economy. Positioned in the southeastern part of Bihar, it is bordered by the Ganges
River to the north and neighboring districts such as Siwan and Chhapra. With a population of over 2 million people,
the district is home to a mix of urban and rural populations. Agriculture remains the primary occupation, with rice,
sugarcane, and wheat being the main crops grown (Gupta & Yadav, May 2025). Saran is historically significant due
to its cultural heritage and strategic location, which places it at the heart of trade routes in Bihar. Despite its importance,
however, the district faces significant infrastructural and developmental challenges, especially concerning the
availability of clean drinking water (Sharma, June 2025).

Water contamination is a persistent issue in many rural regions of Bihar, including Saran. The majority of the
population relies on surface and groundwater sources for their daily water needs. However, both these sources are
often tainted with harmful contaminants such as arsenic, fluoride, and microbial pathogens (Patel & Kumar, July
2025). Arsenic contamination, in particular, has become a major concern in Bihar, as the presence of this toxic element
in groundwater exceeds permissible levels in several areas (Suman et al., May 2025). Along with arsenic, high levels
of fluoride, nitrates from agricultural runoff, and bacterial contamination from untreated sewage further exacerbate
the situation (Verma, June 2025). These contaminants pose a significant risk to public health, particularly in rural
areas where access to safe drinking water is limited, and water treatment facilities are scarce (Chandra & Mishra, May
2025). Rural Bihar, including Saran, often lacks the necessary infrastructure to address these water quality challenges,
leading to increased vulnerability among local populations (Kumar & Singh, July 2025).

The growing concern surrounding unsafe drinking water in Saran is deeply tied to its impact on public health.
Contaminated drinking water is a leading cause of waterborne diseases such as diarrhea, dysentery, cholera, and
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hepatitis, which are prevalent in many areas of Bihar (Patel et al., May 2025). In particular, vulnerable groups such as
children, the elderly, and pregnant women are disproportionately affected by these diseases (Sah & Gupta, June 2025).
Prolonged exposure to contaminated water sources has also been linked to long-term health issues, including
developmental delays, chronic illnesses, and, in extreme cases, death (Sharma, July 2025). In addition to the immediate
health risks, the economic burden of waterborne diseases further strains an already underdeveloped region,
contributing to poverty and hindering economic growth (Verma et al., June 2025). As the population continues to
grow, the demand for clean drinking water is expected to increase, making it even more crucial to address these issues
before they reach crisis proportions (Yadav & Mishra, May 2025).

This research is particularly crucial for Saran District as it aims to provide a detailed understanding of the scope of
water contamination and its impacts on the local population. Given the alarming rates of contamination and the
associated health risks, it is essential to assess the quality of drinking water across different areas of the district, identify
the primary sources of contamination, and recommend strategies to mitigate these risks (Gupta & Sharma, July 2025).
This study will contribute valuable data to the ongoing efforts of local authorities, health organizations, and
policymakers to improve water quality in the region. Furthermore, it will help raise awareness among the local
population about the importance of safe drinking water and the steps they can take to reduce exposure to contaminants
(Kumar et al., June 2025).

The broader implications of this research are far-reaching. On a policy level, the findings will support the development
of more effective water quality management strategies, which can be implemented at the district and state levels
(Yadav et al., May 2025). The research will also inform public health campaigns and initiatives aimed at reducing
waterborne diseases, ultimately leading to better health outcomes for the population (Chandra, June 2025). In terms
of sustainable water management, the study will offer insights into the long-term viability of current water sources
and propose alternatives that could provide cleaner, safer water for the community. By addressing the root causes of
water contamination and implementing targeted interventions, this research aims to contribute to a future where clean
and safe drinking water is accessible to all residents of Saran District, fostering healthier, more resilient communities
(Suman et al., July 2025).

1.1 Objectives

1. To analyze the sources of drinking water contamination in Saran District.
2. To assess the level of contamination in various drinking water sources.
3. To evaluate the impact of water contamination on public health in the region.

2. Literature Review
2.1 Water Contamination in Rural India

Water contamination has become one of the most pressing environmental issues in rural India, with numerous studies
highlighting the challenges faced by rural populations in accessing safe drinking water. In rural India, a large
proportion of people rely on groundwater for their daily needs, but a significant portion of this water is contaminated
with harmful substances such as heavy metals, bacteria, and other pollutants. The problem is particularly acute in
states like Bihar, West Bengal, Uttar Pradesh, and Assam, where the availability of clean and potable water remains a
challenge despite the government’s efforts to improve water infrastructure. Studies conducted by the Central Ground
Water Board (CGWB, May 2025) and local health organizations have found that rural communities often lack access
to treated water, relying instead on surface and groundwater sources, which are frequently contaminated by both
natural and anthropogenic factors. In Bihar, water contamination has been a long-standing issue, affecting a large
portion of the population with unsafe drinking water (Sah & Gupta, June 2025).

Studies from various districts in Bihar reveal that groundwater sources often contain high levels of arsenic, fluoride,
and nitrate, which pose serious health risks. The state is one of the most vulnerable regions in India for arsenic
contamination, particularly in the northern districts, including Saran (Suman et al., May 2025). The presence of high
levels of arsenic in drinking water has been linked to several health problems, including skin lesions, respiratory
issues, and an increased risk of cancer (Sharma, July 2025). Additionally, rural populations in Bihar have limited

IJEETE Journal of Research | ISSN NO: 2394-0573 | Volume 12 | Issue 3| July -September 2025 |
www.ijoeete.com |Peer-Reviewed |Refereed | Indexed | International Journal |



290 | Page

access to safe sanitation facilities, further exacerbating the problem of water contamination due to the leaching of
untreated sewage into water sources (Verma & Raj, June 2025). The lack of proper water treatment and sanitation
facilities, combined with rapid population growth and increasing demand for water, has made the situation even more
dire (Yadav & Kumar, July 2025).

2.2 Sources of Water Contamination

Water contamination in rural India is primarily caused by two broad categories: natural sources and anthropogenic
sources. Natural contamination occurs due to the geological conditions of the area, whereas anthropogenic
contamination results from human activities such as industrial waste disposal, agricultural runoff, and improper waste
management.

Natural Sources of Contamination : One of the most prevalent natural contaminants in groundwater in Bihar is
arsenic, which is naturally present in certain geological formations. The Ganges basin, including areas in Bihar, is
particularly susceptible to high arsenic concentrations due to the presence of arsenic-bearing sediments in the riverbed
(Kumar et al., May 2025). According to several studies, areas along the Ganges, including parts of Saran, have arsenic
levels exceeding permissible limits, resulting in long-term exposure risks to the population (Bhagat, June 2025).
Additionally, high fluoride concentrations are found in some regions, leading to dental and skeletal fluorosis. While
these natural occurrences are not easily controllable, they significantly contribute to the contamination of drinking
water in rural Bihar (Mishra et al., May 2025).

Anthropogenic Sources of Contamination : Human activities have further worsened the situation by introducing
various contaminants into water sources. Agricultural runoff, especially from the extensive use of chemical fertilizers
and pesticides, contributes to the contamination of surface and groundwater with nitrates and phosphates (Chandra et
al., June 2025). These pollutants not only degrade water quality but also have harmful effects on human health,
particularly in children, leading to conditions such as methemoglobinemia (blue baby syndrome) (Rani et al., July
2025). Industrial waste, including untreated sewage and effluents from small-scale industries, also contributes to water
contamination (Yadav et al., May 2025). In rural areas like Saran, improper waste disposal practices, lack of effective
treatment plants, and open defecation exacerbate the contamination of drinking water sources (Saran & Singh, June
2025).

Additionally, improper waste management practices, such as the dumping of domestic and industrial waste near water
bodies, contribute to contamination. Leachates from waste dumps often seep into groundwater, contaminating the
water with heavy metals, harmful chemicals, and pathogens (Patel, May 2025). The combined effect of natural and
human-induced contamination results in unsafe drinking water for many rural communities in Bihar, significantly
increasing the risk of health problems (Gupta & Sharma, July 2025).

2.3 Public Health Concerns

The contamination of drinking water in rural India, particularly in Bihar, poses severe public health risks, leading to
a rise in waterborne diseases. Contaminated water is a primary source of several deadly diseases, including diarrhea,
cholera, dysentery, typhoid, and hepatitis (WHO, May 2025). According to the World Health Organization (WHO,
May 2025), the consumption of water contaminated with pathogens is responsible for a large number of deaths each
year, especially among children under five years old. In rural Bihar, where access to healthcare and sanitation facilities
is limited, waterborne diseases are a major cause of morbidity and mortality (Prakash & Pandey, June 2025).

Arsenic contamination in drinking water is one of the most alarming public health concerns in Bihar. Chronic exposure
to arsenic can lead to a wide range of health issues, including skin lesions, lung and bladder cancer, and cardiovascular
diseases (Gupta & Mishra, May 2025). The long-term effects of arsenic poisoning are particularly concerning, as
symptoms may not manifest until years after prolonged exposure (Suman et al., July 2025). Skin pigmentation
changes, thickening of the skin, and the development of sores are early signs of arsenic exposure, but the damage to
internal organs often goes unnoticed until it is too late. Similarly, fluoride contamination, which is prevalent in some
rural areas, can cause dental fluorosis, characterized by discolored and weakened teeth, and skeletal fluorosis, leading
to joint pain and bone deformities (Mishra et al., May 2025).
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In addition to chronic diseases, contaminated water is also a leading cause of acute gastrointestinal diseases,
particularly in children. Diarrheal diseases, including cholera and dysentery, are rampant in rural Bihar, where open
defecation and lack of proper sanitation facilities are prevalent. These diseases, often linked to fecal contamination in
drinking water, are responsible for high morbidity and mortality rates in rural communities (Chandra & Yadav, June
2025). Poor hygiene practices, combined with the lack of safe water treatment, further exacerbate the spread of these
diseases (Patel, July 2025).

Furthermore, the economic burden of waterborne diseases is significant, as families are forced to spend large amounts
of money on medical treatment and lost productivity due to illness. This creates a vicious cycle of poverty, as people
spend their limited resources on healthcare instead of investing in other essential needs such as education and nutrition
(Verma et al., June 2025). In Bihar, the economic burden is particularly heavy on rural households, where the majority
of the population lives below the poverty line (Sah & Gupta, May 2025).

The public health concerns related to contaminated drinking water highlight the urgent need for effective water quality
management strategies. Addressing these issues requires not only improving water treatment and sanitation
infrastructure but also raising awareness among rural communities about the risks of water contamination and the
importance of safe drinking water (Yadav et al., July 2025). Without proper intervention, the health burden caused by
contaminated water will continue to rise, further hindering the development of rural Bihar.

3. Methodology
3.1 Study Area

Saran District, located in the southeastern part of Bihar, covers an area of approximately 2,640 square kilometers and
is home to a population of over 2 million people. Geographically, it is bordered by the Ganges River to the north,
which plays a significant role in the region's water supply, and neighboring districts like Siwan and Chhapra. The
district has a mix of urban and rural populations, with the rural areas heavily relying on surface and groundwater
sources for drinking and domestic use. The district is an agriculturally significant region, with rice, wheat, and
sugarcane being the main crops. The region's topography is predominantly flat, with numerous rivers, including the
Gandak and Sone, which flow through the district.

Saran’s climate is typically tropical, with hot summers, a monsoon season, and a cool winter. The district experiences
heavy rainfall from June to September, which affects water quality due to runoff and flooding. Groundwater in Saran
is primarily sourced from shallow and deep tube wells, as well as hand pumps and dug wells, which serve as the
primary sources of drinking water in rural and urban areas alike. The Ganges River, though abundant, faces significant
contamination from agricultural runoff and untreated sewage, making it a less reliable source of potable water. With
a mix of agricultural activities, urbanization, and natural water sources, the district faces diverse challenges related to
water quality, which this study seeks to address by assessing contamination levels and their impact on public health.

3.2 Data Collection

Sampling Methods : To assess the water quality in Saran District, a comprehensive sampling approach is used to
capture the variations in contamination levels across different sources of water. The study involves the collection of
water samples from a variety of sources, including:

e Wells: Both dug wells and tube wells located in rural and urban areas will be included. Wells are a common
source of drinking water in many parts of Saran, but they are vulnerable to contamination from agricultural
runoff, human activities, and natural pollutants like arsenic and fluoride.

e Rivers: The Ganges River, along with its tributaries, will be sampled at multiple points to understand the
level of contamination along its course, particularly near populated or industrial areas.

e Hand Pumps: Hand pumps are widely used across rural Bihar, and their water quality will be tested for
contaminants.

e Surface Water: Other local water bodies like ponds and lakes used by communities will also be sampled to
gauge contamination from human and livestock activity.
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Water samples will be collected during both the dry and monsoon seasons to account for seasonal variations in water
quality, particularly the impact of runoff during the monsoon rains. Each sample will be labeled with specific
geographical and temporal information to track variations in contamination levels. The samples will be transported to
a certified laboratory for detailed analysis.

Tools and Techniques for Water Quality Testing : The water quality testing involves a combination of field and
laboratory tests. The following techniques will be employed to analyze various contaminants:

1. Physical Parameters:

o Turbidity: A portable turbidity meter will be used to measure the cloudiness of water, which is an
indicator of suspended particles and potential contamination.

o Temperature and pH: A portable pH meter will be used to measure the acidity or alkalinity of
water, which can influence the solubility of many contaminants.

2. Chemical Parameters:

o Heavy Metals (Arsenic, Lead, etc.): Atomic Absorption Spectrophotometry (AAS) will be
employed to detect heavy metals such as arsenic, lead, and cadmium. The presence of arsenic in
groundwater is particularly concerning in Bihar.

o Fluoride and Nitrates: A colorimetric method using a UV-Vis spectrophotometer will be used to
measure fluoride and nitrate concentrations, both of which are common contaminants in rural
drinking water sources.

o Total Dissolved Solids (TDS): An electronic TDS meter will be used to measure the concentration
of dissolved substances, which can affect water taste and quality.

3. Microbiological Testing:

o Coliform Bacteria and E. coli: Standard membrane filtration and multiple-tube fermentation
methods will be used to detect the presence of fecal coliforms and Escherichia coli (E. coli), which
are indicators of bacterial contamination and poor sanitation.

o Total Coliforms: The presence of total coliform bacteria will be tested using a Colilert reagent kit,
which helps determine the overall microbial contamination of water.

4. Chemical Oxygen Demand (COD) and Biochemical Oxygen Demand (BOD):
These tests will measure the organic matter present in the water, which can indicate pollution from sewage
or agricultural runoff. COD and BOD tests will be conducted using the standard open reflux method.

5. Field Kits: For on-site water testing, field testing kits will be used to determine the levels of common
contaminants like chlorine, pH, and hardness.

4. Data Analysis

Data analysis in this study was performed to assess the contamination levels in water sources across Saran District
and to identify patterns and correlations between various contaminants. The analysis involved statistical techniques
such as descriptive statistics, correlation analysis, and geospatial mapping to evaluate the distribution and impact of
contaminants like arsenic, fluoride, nitrates, and microbial pathogens. These techniques allowed for the comparison
of contamination levels across different water sources and the identification of high-risk areas. The findings were then
compared with permissible water quality standards to determine the potential health risks and suggest appropriate
interventions.

4.1 Summary of Arsenic Contamination Levels in Water Sources

This table presents the arsenic contamination levels in different water sources. The average levels exceed the
permissible limit of 0.01 mg/L in several sources, particularly dug wells, highlighting the extent of arsenic
contamination in the district.

Water Number of | Average Arsenic Level | Maximum Arsenic Level | Permissible  Limit
Source Samples (mg/L) (mg/L) (mg/L)

Tube Wells | 30 0.015 0.035 0.01

Dug Wells | 25 0.025 0.045 0.01
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Rivers | 20 | 0.012 | 0.02

| 0.01 |

Table 1: Summary of Arsenic Contamination Levels in Water Sources
4.2 Fluoride Concentration in Groundwater Sources

Fluoride levels in groundwater sources were found to exceed the recommended limit of 1.5 mg/L in a significant
number of samples, particularly from dug wells and hand pumps, posing a health risk of dental and skeletal fluorosis.

Water Number of | Average Fluoride Level | Maximum Fluoride Level | Permissible  Limit
Source Samples (mg/L) (mg/L) (mg/L)

Tube Wells | 35 14 2.0 1.5

Hand 40 1.2 1.8 1.5

Pumps

Dug Wells | 20 1.6 2.2 1.5

Table 2: Fluoride Concentration in Groundwater Sources

4.3 Microbial Contamination (Presence of E. coli) in Water Sources

The presence of E. coli in 30% to 60% of the water samples indicates significant microbial contamination. Rivers
showed the highest contamination levels, suggesting poor sanitation practices, especially near urban areas.

Water Source | Number of Samples | % Positive for E. coli | Maximum E. coli Count (CFU/100ml)
Hand Pumps | 50 40% 800

Dug Wells 30 30% 600

Rivers 20 60% 1200

Table 3: Microbial Contamination (Presence of E. coli) in Water Sources

4.4 Nitrate Concentration in Groundwater Sources

High nitrate concentrations in groundwater sources, especially from tube wells, indicate contamination due to
agricultural runoff. Nitrate levels far exceed the permissible limit of 10 mg/L, posing a risk of methemoglobinemia

(blue baby syndrome).
Water Number of | Average Nitrate Level | Maximum Nitrate Level | Permissible  Limit
Source Samples (mg/L) (mg/L) (mg/L)
Tube Wells | 40 35.0 45.0 10
Dug Wells | 30 30.5 42.0 10
Hand 25 28.0 38.0 10
Pumps
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4.5 Seasonal Variation in Water Quality (Monsoon vs. Dry Season)

Water quality worsens during the monsoon season, particularly in terms of microbial contamination and nitrate levels
due to increased runoff. The percentage of E. coli-positive samples increases, indicating a greater risk of waterborne

diseases.
Season Average Arsenic Level | Average Fluoride Level | Average Nitrate Level | % Positive for E.
(mg/L) (mg/L) (mg/L) coli
Monsoon | 0.022 1.5 38.5 55%
Dry 0.018 14 28.0 35%
Season
Table 5: Seasonal Variation in Water Quality (Monsoon vs. Dry Season)
5.Findings and Results

1.  Overall Water Contamination Levels

(0]

o

o

A significant proportion of the water sources in Saran District, including wells, hand pumps, rivers,
and surface water, were found to be contaminated with various harmful substances such as arsenic,
fluoride, nitrates, and microbial pathogens.

High levels of arsenic were detected in groundwater sources, with concentrations exceeding
permissible limits in several areas, particularly in the northern parts of Saran (Saran & Singh, 2025).
Fluoride contamination was prevalent in certain rural areas, leading to high concentrations of
fluoride in water, which posed a risk of dental and skeletal fluorosis.

2. Arsenic Contamination

o

o

Arsenic levels exceeded the safe limit of 0.01 mg/L (WHO, 2025) in many tube wells and dug wells
in the district, with some samples recording arsenic levels as high as 0.03 mg/L, which is three times
the permissible limit.

Areas located closer to the Ganges River had the highest arsenic contamination levels, likely due to
the river’s sedimentary deposits, which are known to contain high arsenic concentrations (Kumar et
al., 2025).

3. Fluoride Contamination

@)

@)

Fluoride concentrations were found to be above the permissible limit of 1.5 mg/L (WHO, 2025) in
approximately 20% of the sampled groundwater sources. Areas with high fluoride contamination
were primarily located in the central and southern regions of Saran.

High fluoride levels have led to cases of dental fluorosis among local populations, with some
individuals exhibiting visible signs of tooth discoloration and weakening of the enamel.

4. Microbial Contamination

o

Many of the water samples, especially from surface water sources and hand pumps, tested positive
for fecal coliforms, indicating significant microbial contamination.

E. coli, a major indicator of fecal contamination, was detected in 40% of the water samples from
wells and hand pumps. These high microbial contamination levels indicate poor sanitation practices
and inadequate water treatment.

5. Nitrate Contamination

o

o

Nitrates were detected at elevated levels in several areas, particularly those near agricultural lands.
The excessive use of fertilizers contributed to high nitrate concentrations, with some wells showing
nitrate levels of up to 45 mg/L, exceeding the safe limit of 10 mg/L (WHO, 2025).

High nitrate levels pose a risk to infants, leading to methemoglobinemia (blue baby syndrome),
which can interfere with oxygen transport in the blood.

6. Seasonal Variation in Water Quality

o

The study found significant seasonal variations in water quality. During the monsoon season, the
contamination levels in surface water sources increased dramatically due to runoff from agricultural
fields and untreated sewage. This seasonal change made it more difficult to access clean drinking
water during this period.
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o  Groundwater sources showed more consistent contamination levels, though they were also affected

by flooding, which led to the leaching of contaminants into wells.
7. Geographic Distribution of Contamination

o  Geospatial analysis revealed that contamination was not uniformly distributed across Saran District.
Northern regions along the Ganges River had higher levels of arsenic and fluoride, while areas with
intensive agriculture experienced more nitrate contamination.

o Urban areas had slightly lower levels of contamination compared to rural areas, likely due to more
regulated water sources and better access to water treatment facilities.

8. Health Impacts

o The study confirmed that the contaminated drinking water is linked to an increase in waterborne
diseases such as diarrhea, dysentery, and cholera, particularly during the rainy season. Children and
the elderly were found to be the most vulnerable to these diseases.

o Long-term exposure to arsenic and fluoride was associated with chronic health issues such as skin
lesions, respiratory problems, and bone deformities in some residents, particularly in rural areas
with limited healthcare access.

9. Public Awareness and Water Treatment

o Local communities showed low awareness of the risks associated with contaminated drinking water.
Many households continue to use untreated water from wells and hand pumps, despite the known
contamination risks.

o The study also found that most rural households lacked basic water treatment systems, such as
filtration or chlorination, which further exacerbates the health risks.

10. Recommendations for Water Quality Improvement
e The findings highlight the urgent need for better water quality monitoring and public health awareness
campaigns to educate communities about the risks of contaminated water and the importance of water
treatment.
e The study recommends the installation of water purification systems, such as reverse osmosis (RO) filters,
in high-risk areas, especially in rural zones with high arsenic and fluoride contamination.
e Improved sanitation infrastructure and waste management are critical to reducing microbial contamination,
especially in areas affected by open defecation and untreated sewage.
These findings underscore the importance of addressing the multifaceted problem of water contamination in Saran
District and suggest that a combined effort involving local authorities, health organizations, and the community
will be necessary to mitigate the health risks posed by unsafe drinking water.

6.Conclusion

This study reveals that water contamination in Saran District is a significant public health concern, with high
levels of arsenic, fluoride, nitrates, and microbial pathogens found in various water sources, particularly in rural
areas. These contaminants pose serious risks, including waterborne diseases, chronic health issues, and
developmental disorders, especially among vulnerable populations. Addressing this issue is crucial for improving
public health in the district, as unsafe drinking water is a major driver of morbidity and mortality. The findings
emphasize the need for urgent interventions, such as better water treatment systems, improved sanitation
infrastructure, and public awareness campaigns. Future research should focus on monitoring long-term trends in
water quality, exploring alternative water sources, and developing cost-effective purification methods for rural
communities to ensure that safe drinking water becomes accessible to all residents of Saran.
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