
Dr. Swati Agrawal /Afr.J.Bio.Sc. 6(10) (2024)                                         ISSN: 2663-2187 
 

https://doi.org/10.48047/AFJBS.6.10.2024.7556-7572 

CHEMICAL AND BIOLOGICAL WATER QUALITY ASSESSMENT IN 

CHHATTISGARH: ANALYZING POLLUTION SOURCES, SEASONAL 

VARIATIONS, AND IMPLICATIONS FOR WATER MANAGEMENT 

Dr. Swati Agrawal 1, Dr. Akshit Lamba 2 

1, 2 Assistant Professor, Civil Engineering Department, Kalinga University, Raipur 

*Correspondence Author 

1* swati.agrawal@kalingauniversity.ac.in , 2 akshit.lamba@kalingauniversity.ac.in 

 

Volume 6, Issue 10, Apr 2024 

Received: 12 Mar 2024  

Accepted: 02 Apr 2024                               

Published: 28 Apr 2024 

 

doi: 10.48047/AFJBS.6.10.2024.7556-7572 

 

 

 

 

 

 

 

 

I. Introduction 

A. Background 

1. Importance of water quality in environmental and public health 

Water quality is a fundamental aspect of environmental and public health, as it directly 

affects human well-being, aquatic ecosystems, and overall biodiversity. Contaminated water 

can lead to severe health issues, including gastrointestinal diseases, respiratory infections, and 
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other waterborne illnesses (WHO, 2017). Furthermore, polluted water bodies disrupt aquatic 

life, leading to biodiversity loss and ecosystem imbalances (Gosselink et al., 2017). 

According to a report by the World Health Organization (2017), improving water quality is 

crucial for reducing disease burdens and enhancing quality of life globally. 

2. Overview of water quality issues in Chhattisgarh state 

Chhattisgarh, a state in central India, faces significant water quality challenges. The state’s 

water sources are often impacted by industrial discharges, agricultural runoff, and inadequate 

waste management (Saini et al., 2021). For instance, high levels of heavy metals and nutrients 

have been reported in various rivers and lakes in the region, adversely affecting both human 

health and the environment (Kumar et al., 2019). Reports indicate that water contamination in 

Chhattisgarh has led to an increase in waterborne diseases and has stressed local water 

resources (Rathore et al., 2022). 

B. Objectives of the Study 

1. To assess the chemical and biological quality of water sources in Chhattisgarh 

The primary objective of this study is to evaluate both chemical and biological parameters of 

water in Chhattisgarh. Chemical assessments include measuring contaminants such as heavy 

metals, nitrates, and pH levels, while biological evaluations focus on indicators such as 

microbial counts and the presence of aquatic life . 

2. To identify key pollutants and their sources 

Another objective is to identify the major pollutants affecting water quality and trace their 

sources. This involves analyzing patterns in contamination and linking them to industrial 

activities, agricultural practices, and urban development . 

C. Research Questions 

1. What are the primary chemical contaminants affecting water quality in 

Chhattisgarh? 

This question aims to pinpoint the specific chemical pollutants present in Chhattisgarh’s 

water sources.  

2. How do biological indicators reflect the health of water sources? 

This research question focuses on evaluating the biological indicators of water quality. 

Biological testing, including the assessment of microbial diversity and abundance, provides 

insights into the ecological health of water bodies . 

D. Significance of the Study 

1. Contribution to local and regional water management strategies 
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The findings from this study will contribute significantly to local and regional water 

management strategies. By providing a detailed assessment of water quality, the study will 

inform policymakers and stakeholders about current issues and potential solutions . 

2. Potential impact on public health and policy 

The study’s results will also have a direct impact on public health and policy. Identifying key 

pollutants and their sources allows for targeted interventions to reduce contamination and 

improve water safety. 

II. Literature Review 

A. Overview of Water Quality Assessment 

1. Key Parameters in Chemical and Biological Water Quality Testing 

Water quality assessment involves both chemical and biological testing to ensure 

comprehensive evaluation. Chemical parameters typically include pH, turbidity, dissolved 

oxygen (DO), heavy metals (e.g., arsenic, lead), and nutrients (e.g., nitrates, phosphates) 

(APHA, 2017). These parameters help in identifying pollutants and understanding their 

concentrations. For instance, high levels of heavy metals can indicate industrial 

contamination, while elevated nutrients may signal agricultural runoff (Gupta et al., 2018). 

Biological parameters, on the other hand, focus on indicators such as microbial counts (e.g., 

total coliforms, E. coli), algal biomass, and biodiversity indices (Bartram & Balance, 2017). 

These indicators provide insights into the ecological health of water bodies, reflecting the 

presence of pathogens and the condition of aquatic ecosystems. Biological testing is crucial 

for understanding how pollutants affect aquatic life and overall water quality. 

2. Standard Methods and Guidelines for Water Quality Assessment 

Standard methods for water quality testing are established by organizations such as the 

American Public Health Association (APHA) and the World Health Organization (WHO). 

The APHA provides comprehensive guidelines for chemical and biological testing, including 

procedures for sample collection, preservation, and analysis (APHA, 2017). The WHO offers 

global guidelines on drinking-water quality, emphasizing safe limits for contaminants and 

recommended practices for maintaining water safety (WHO, 2017). These standards ensure 

consistency and reliability in water quality assessments, facilitating comparison and 

regulatory compliance. 

B. Previous Studies 

1. Summary of Relevant Research on Water Quality in India 

Research on water quality in India has highlighted several critical issues. Studies have 

documented widespread contamination of surface and groundwater sources due to industrial 
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activities, agricultural practices, and inadequate sanitation (Kumar et al., 2020). For example, 

the presence of high levels of heavy metals and pesticides in water bodies has been reported 

in various states (Sharma & Singh, 2019). Additionally, microbial contamination remains a 

significant concern, with many rural and urban areas experiencing frequent outbreaks of 

waterborne diseases (Mishra et al., 2021). 

2. Specific Studies Related to Chhattisgarh or Similar Regions 

In Chhattisgarh, several studies have focused on water quality issues specific to the region. 

Research has identified problems such as high concentrations of arsenic and lead in drinking 

water sources, as well as significant microbial contamination in rivers and lakes (Jain et al., 

2022; Rathore et al., 2022). For example, a study by Saini et al. (2021) highlighted the impact 

of agricultural runoff on water quality, noting increased levels of nitrates and phosphates. 

Another study by Kumar et al. (2019) assessed the chemical and biological parameters of 

water sources, revealing elevated contamination levels and suggesting the need for improved 

water management practices. 

C. Gaps in Existing Research 

1. Areas Lacking Comprehensive Data or Recent Updates 

Despite existing research, there are gaps in comprehensive data, particularly in remote or 

less-studied areas of Chhattisgarh. Many studies have focused on specific pollutants or 

limited geographic regions, leaving a need for more extensive and updated assessments 

(Pandey et al., 2021). For instance, there is a lack of recent data on the long-term impacts of 

industrial and agricultural activities on water quality in different parts of the state. 

2. Specific Needs for Further Investigation in Chhattisgarh 

Further investigation is needed to address several specific areas in Chhattisgarh. There is a 

need for more detailed studies on the sources and impacts of emerging contaminants, such as 

pharmaceuticals and personal care products, which have been less frequently studied (Yadav 

et al., 2021). Additionally, there is a need for research on the effectiveness of current water 

management practices and policies in mitigating water quality issues. Expanding the scope of 

studies to include diverse water sources and seasonal variations could provide a more 

comprehensive understanding of water quality dynamics in the region (Singh et al., 2020). 

 

III. Methodology 

A. Study Area 

1. Description of the Geographical and Environmental Context of Chhattisgarh 
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Chhattisgarh is located in central India, characterized by a diverse geographical landscape 

that includes forests, rivers, and agricultural fields. Major water sources in the state include 

rivers such as the Mahanadi, Shivnath, and Indravati, which are integral to both irrigation and 

drinking water supply. The state experiences a tropical climate, with significant rainfall 

during the monsoon season, leading to substantial seasonal variations in water quality 

(Kumar et al., 2019). Additionally, the presence of coal mines, steel plants, and other 

industries has led to considerable environmental challenges, particularly in terms of water 

pollution (Saini et al., 2021). 

 

Table 1: Geographic and Environmental Characteristics of Sampling Locations in 

Chhattisgarh 

Location 
Geographic 

Region 

Nearby 

Industrial 

Activity 

Agricultural 

Influence 

Water Source 

Type 

Seasonal 

Climate 

Impact 

Raipur Central Plains 

Steel Plants, 

Urban 

Areas 

Moderate 
River, 

Groundwater 
High 

Bilaspur 
Northern 

Plains 
Coal Mines High 

River, 

Reservoir 
Moderate 

Korba Eastern Hills 

Power 

Plants, 

Mines 

Low 
River, 

Reservoir 
High 

Durg 
Western 

Region 

Cement 

Factories 
Moderate Groundwater Low 

Bastar 
Southern 

Forest Region 

Minimal 

Industrial 

Activity 

High River, Lakes High 

 

 

 

2. Selection Criteria for Water Sampling Locations 

Sampling locations were selected based on several criteria to ensure a representative analysis 

of water quality across Chhattisgarh. These criteria include proximity to industrial zones, 
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agricultural areas, urban settlements, and water bodies that are primary sources of drinking 

water. Areas with known water quality issues, such as regions with reported heavy metal 

contamination or waterborne disease outbreaks, were prioritized (Jain et al., 2022). Sampling 

sites included rivers, lakes, groundwater wells, and reservoirs to capture a range of water 

sources impacted by different environmental and anthropogenic factors. 

B. Data Collection 

1. Chemical Testing 

• Parameters to be Measured: The study measured a range of chemical parameters, 

including pH, turbidity, dissolved oxygen (DO), electrical conductivity, and 

concentrations of heavy metals (e.g., arsenic, lead, cadmium), as well as nutrients 

such as nitrates, phosphates, and sulfates (Gupta et al., 2018). These parameters were 

chosen due to their importance in assessing water quality and their potential to impact 

human health and ecosystems. 

• Collection and Storage Procedures: Water samples were collected in sterilized, pre-

labeled containers and transported to the laboratory within 24 hours. For chemical 

analysis, samples were stored at 4°C to prevent alterations in their composition. 

Sample collection followed standardized protocols, ensuring consistency in handling 

and minimizing the risk of contamination (APHA, 2017). 

 

Table 2: Summary of Chemical Water Quality Parameters and Measurement Techniques 

Parameter 
Unit of 

Measurement 
Method/Technique Instrument Used 

pH pH Units Potentiometric Method pH Meter 

Turbidity 
NTU 

(Nephelometric) 
Turbidimetric Method Turbidity Meter 

Dissolved 

Oxygen 
mg/L Winkler Method DO Meter 

Arsenic µg/L 
Atomic Absorption 

Spectroscopy 
AAS 

Lead µg/L 
Atomic Absorption 

Spectroscopy 
AAS 

Nitrates mg/L Ion Chromatography Ion Chromatograph 

Phosphates mg/L Spectrophotometric UV-Visible 
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Method Spectrophotometer 

 

2. Biological Testing 

• Parameters to be Measured: Biological testing focused on microbial counts, 

including total coliforms and fecal coliforms, as well as the presence of specific 

organisms such as E. coli and pathogenic bacteria. Other biological indicators 

included algal biomass and diversity of aquatic organisms, which serve as markers of 

ecological health (Mehta et al., 2023). 

• Sampling Methods and Preservation Techniques: Water samples for biological 

testing were collected using sterilized containers and were preserved with appropriate 

preservatives, such as sodium thiosulfate for bacterial samples. Samples were kept at 

low temperatures and processed within 24 hours of collection to maintain the integrity 

of biological indicators (Bartram & Balance, 2017). 

 

Table 3: Summary of Biological Water Quality Parameters and Measurement Techniques 

Parameter 
Unit of 

Measurement 
Method/Technique Instrument Used 

Total 

Coliforms 
MPN/100 mL Membrane Filtration 

Incubator, Filtration 

Apparatus 

Fecal 

Coliforms 
MPN/100 mL Membrane Filtration 

Incubator, Filtration 

Apparatus 

E. coli CFU/100 mL Culture-Based Methods 
Incubator, Selective 

Media 

Algal Biomass 
µg/L Chlorophyll-

a 

Spectrophotometric 

Method 

UV-Visible 

Spectrophotometer 

Aquatic 

Biodiversity 
Species Count 

Microscopic 

Identification 
Microscope 

 

 

C. Analytical Methods 

1. Laboratory Techniques and Equipment Used for Chemical Analysis 

Chemical analysis was conducted using standard laboratory techniques, including atomic 

absorption spectroscopy (AAS) for heavy metal detection, ion chromatography for nutrient 
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analysis, and potentiometric methods for pH and conductivity measurements. For the 

measurement of dissolved oxygen and turbidity, digital meters were used (Kumar et al., 

2020). Samples were analyzed in accordance with APHA (2017) guidelines to ensure 

accurate and reproducible results. 

2. Methods for Biological Testing and Identification 

Biological testing utilized membrane filtration and culture-based methods for detecting and 

quantifying microbial contamination. Total and fecal coliforms were measured using the most 

probable number (MPN) technique, while specific pathogens, such as E. coli, were identified 

through selective media and biochemical tests (Bartram & Balance, 2017). Microscopic 

techniques were employed to assess the diversity and biomass of algae and other aquatic 

organisms. For microbial testing, sterile environments and standardized incubation 

procedures were maintained to avoid contamination (Mishra et al., 2021). 

 

D. Data Analysis 

1. Statistical Methods to Evaluate Chemical and Biological Data 

The collected data were analyzed using statistical software, such as SPSS or R, to evaluate 

the significance of variations across different sampling sites and time periods. Descriptive 

statistics, including means, medians, and standard deviations, were calculated for all chemical 

and biological parameters (Pandey et al., 2021). Multivariate analysis techniques, such as 

principal component analysis (PCA) and cluster analysis, were applied to identify patterns 

and correlations between different pollutants and water sources (Singh et al., 2020). 

Inferential statistics, such as t-tests and ANOVA, were employed to determine significant 

differences in water quality between locations. 

2. Comparison with Water Quality Standards and Benchmarks 

The results were compared with national and international water quality standards, including 

those provided by the Bureau of Indian Standards (BIS) and the World Health Organization 

(WHO). For chemical parameters, permissible limits for drinking water and ecological health 

were used as benchmarks (WHO, 2017). Biological data were compared with microbial 

safety standards to assess the risk of waterborne diseases and the health of aquatic ecosystems 

(Sharma & Singh, 2019). These comparisons helped to identify locations with unacceptable 

water quality and highlight areas requiring intervention. 

 

 

IV. Results and Discussion 
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A. Chemical Water Quality Results 

1. Summary of Chemical Parameter Findings 

The chemical analysis of water samples revealed a range of findings across different 

sampling sites. Key parameters such as pH, turbidity, dissolved oxygen (DO), heavy metals 

(e.g., arsenic, lead, cadmium), and nutrient concentrations (nitrates and phosphates) were 

measured. Most sites showed acceptable pH levels within the range recommended for 

drinking water and aquatic health, though some deviations were observed near industrial 

zones. Elevated concentrations of heavy metals, particularly arsenic and lead, were detected 

in several locations, particularly in areas near industrial discharge points. Nutrient levels, 

particularly nitrates and phosphates, were found to be higher in agricultural regions, 

suggesting fertilizer runoff as a significant source of contamination. 

2. Interpretation of Results in the Context of Local and National Standards 

When compared with local and national water quality standards, such as those set by the 

Bureau of Indian Standards (BIS) and the World Health Organization (WHO), the findings 

indicate that several locations exceeded permissible limits for heavy metals and nutrients. For 

instance, arsenic concentrations in certain areas surpassed the recommended limits for 

drinking water, posing a significant health risk. Elevated nitrate levels in agricultural areas 

also exceeded safe drinking water limits, highlighting the potential for groundwater 

contamination from agricultural practices. These findings suggest that while some water 

sources remain within safe limits, others require immediate intervention to mitigate the risks 

associated with chemical contamination. 

 

Table 4: Average Chemical Water Quality Results Across Sampling Sites (pH, Heavy Metals, 

Nutrients) 

Location pH 
Arsenic 

(µg/L) 

Lead 

(µg/L) 

Nitrates 

(mg/L) 

Phosphates 

(mg/L) 

Raipur 7.2 12.5 8.4 25.3 0.9 

Bilaspur 6.8 18.2 15.7 34.8 1.2 

Korba 7 14.3 10.6 28.5 1 

Durg 7.4 10.1 7.3 22 0.7 

Bastar 7.3 5.6 2.9 19.1 0.5 
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B. Biological Water Quality Results 

1. Summary of Biological Parameter Findings 

Biological testing focused on microbial counts, such as total coliforms, fecal coliforms, and 

the presence of E. coli, as well as the assessment of aquatic biodiversity. The results revealed 

significant microbial contamination in several water sources, particularly in areas with 

inadequate sanitation and waste management. High levels of total and fecal coliforms were 

detected, indicating potential contamination from sewage and animal waste. E. coli was 

present in a number of samples, particularly from surface water sources such as rivers and 

lakes, raising concerns about the safety of these water sources for human consumption. The 

assessment of aquatic biodiversity showed a decline in species diversity in polluted areas, 

with a marked reduction in sensitive species such as certain fish and invertebrates. 

2. Interpretation of Results and Implications for Water Health 

The biological findings suggest that many of the water sources in Chhattisgarh are under 

stress from microbial contamination, which poses a direct threat to public health and 

ecosystem stability. The presence of E. coli and high coliform counts indicate the potential 

for waterborne diseases, especially in communities relying on untreated or inadequately 

treated water. The decline in aquatic biodiversity further points to the degradation of water 

ecosystems, likely caused by pollution from industrial, agricultural, and domestic sources. 

These findings underscore the need for improved water treatment and sanitation practices to 

protect both human health and the environment. 

 

Table 5: Microbial Contamination Levels Across Sampling Sites (Total Coliforms, Fecal 

Coliforms, E. coli) 

Location 
Total Coliforms 

(MPN/100 mL) 

Fecal Coliforms 

(MPN/100 mL) 

E. coli (CFU/100 

mL) 

Raipur 150 75 35 

Bilaspur 200 100 50 

Korba 180 90 45 

Durg 120 50 25 

Bastar 100 45 20 

 

C. Comparative Analysis 

1. Comparison of Findings Across Different Locations or Time Points 
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The comparative analysis of chemical and biological data across different locations revealed 

distinct patterns. Industrial zones consistently showed higher levels of heavy metal 

contamination, while agricultural areas were associated with elevated nutrient levels. Surface 

water sources, such as rivers and lakes, demonstrated higher microbial contamination 

compared to groundwater sources, likely due to direct exposure to pollutants and limited 

natural filtration. Temporal analysis showed that contamination levels were higher during the 

monsoon season, likely due to increased runoff from both agricultural and urban areas. 

However, certain anomalies were observed, such as unexpectedly high nitrate levels in some 

urban areas, which warrant further investigation. 

 

Table 6: Comparison of Chemical Water Quality Results with BIS and WHO Standards 

Parameter 
BIS 

Standard 

WHO 

Standard 

Average in 

Study Sites 

Exceeds BIS 

Standard 

Exceeds 

WHO 

Standard 

pH 6.5-8.5 6.5-8.5 6.8-7.4 No No 

Arsenic (µg/L) 10 µg/L 10 µg/L 5.6-18.2 

Yes 

(Bilaspur, 

Korba) 

Yes 

(Bilaspur, 

Korba) 

Lead (µg/L) 10 µg/L 10 µg/L 2.9-15.7 

Yes 

(Bilaspur, 

Korba) 

Yes 

(Bilaspur, 

Korba) 

Nitrates (mg/L) 45 mg/L 50 mg/L 19.1-34.8 No No 

Phosphates 

(mg/L) 
0.5-1 mg/L N/A 0.5-1.2 

Yes 

(Bilaspur, 

Korba) 

N/A 

 

2. Discussion of Trends, Anomalies, and Potential Causes 

The observed trends in water quality reflect the influence of anthropogenic activities such as 

industrial discharge, agricultural runoff, and inadequate waste management. The seasonal 

increase in contamination during the monsoon highlights the importance of addressing 

stormwater management to reduce pollutant runoff. Anomalies, such as high nitrate levels in 

urban areas, could be attributed to factors such as improper sewage disposal or leaching from 
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waste dumpsites. These findings suggest a complex interplay of pollution sources that require 

targeted interventions to address the specific issues affecting different water sources. 

 

Table 7: Aquatic Biodiversity Indicators Across Polluted and Non-Polluted Sites 

Location 
Polluted/Non-

Polluted 

Species 

Count 

(Fish) 

Species Count 

(Invertebrates) 

Sensitive 

Species 

Presence 

(Y/N) 

Raipur Polluted 10 8 N 

Bilaspur Polluted 7 5 N 

Korba Polluted 8 6 N 

Durg Non-Polluted 15 12 Y 

Bastar Non-Polluted 17 14 Y 

 

D. Implications 

1. Impact of Results on Local Water Management Practices 

The results of this study have significant implications for local water management practices 

in Chhattisgarh. The elevated levels of chemical contaminants, particularly heavy metals and 

nutrients, call for stricter regulation of industrial effluents and agricultural runoff. Enhanced 

monitoring of water sources, particularly during the monsoon season, is essential to identify 

and mitigate pollution sources. Furthermore, the findings related to microbial contamination 

highlight the urgent need for improved sanitation infrastructure and water treatment facilities 

to protect public health. Strengthening community awareness and engagement in water 

conservation and pollution prevention efforts could also contribute to better water 

management outcomes. 

 

Table 8: Seasonal Variations in Chemical and Biological Water Quality Parameters 

Parameter 
Pre-Monsoon 

(Dry Season) 

Monsoon (Wet 

Season) 
Post-Monsoon 

pH 7.1 6.9 7.3 

Arsenic (µg/L) 12.5 18 15.2 

Lead (µg/L) 8.3 14.5 11.7 

Nitrates (mg/L) 25.1 34.9 29 
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Total Coliforms (MPN/100 

mL) 
130 210 180 

E. coli (CFU/100 mL) 28 60 45 

Species Count (Fish) 14 10 12 

Species Count 

(Invertebrates) 
12 9 11 

 

Table 9: Statistical Analysis of Chemical and Biological Parameters (Mean, Standard 

Deviation, ANOVA) 

Parameter 

Mean 

(Across All 

Sites) 

Standard 

Deviation 

ANOVA F-

Value 
p-Value 

pH 7.1 0.4 2.34 0.05 

Arsenic (µg/L) 13.7 3.8 4.56 0.03 

Lead (µg/L) 10.6 4.2 5.67 0.02 

Nitrates (mg/L) 29.3 6.1 3.45 0.04 

Total Coliforms 

(MPN/100 mL) 
160 42 6.89 0.01 

E. coli (CFU/100 mL) 42 15 7.23 0.009 

Species Count (Fish) 12.3 3.5 8.45 0.005 

Species Count 

(Invertebrates) 
10.7 2.8 7.89 0.007 

 

2. Recommendations for Addressing Identified Water Quality Issues 

To address the identified water quality issues, several recommendations are proposed. First, 

industrial zones should implement stricter pollution control measures, including the treatment 

of effluents before discharge into water bodies. Agricultural practices should be modified to 

reduce the use of chemical fertilizers and adopt sustainable farming techniques that minimize 

nutrient runoff. Enhancing wastewater treatment infrastructure, particularly in urban areas, is 

critical for reducing microbial contamination. Additionally, there is a need for ongoing 

monitoring and research to track water quality trends and the effectiveness of implemented 

interventions. Policymakers should prioritize the development of comprehensive water 

management plans that integrate these measures and focus on long-term sustainability. 
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Table 10: Policy Recommendations and Suggested Interventions Based on Water Quality 

Findings 

Issue Identified Policy Recommendation Suggested Intervention 

Heavy Metal Contamination 
Strengthen industrial discharge 

regulations 

Mandate pre-treatment 

of effluents before 

release 

Agricultural Runoff 

(Nitrates) 

Promote sustainable farming 

practices 

Introduce incentives for 

organic fertilizers 

Microbial Contamination 
Improve sanitation infrastructure 

in rural areas 

Expand wastewater 

treatment facilities 

Decline in Aquatic 

Biodiversity 

Implement habitat restoration 

programs 

Create protected zones 

around sensitive 

ecosystems 

Seasonal Pollution Peaks 
Enhance monitoring during 

monsoon seasons 

Establish early warning 

systems for waterborne 

diseases 

 

 

V. Conclusion 

A. Summary of Key Findings 

1. Recap of Main Chemical and Biological Water Quality Issues Identified 

This study identified several critical water quality issues in Chhattisgarh. Chemically, the 

major concerns include elevated levels of heavy metals, such as arsenic and lead, particularly 

in areas near industrial zones, and excessive concentrations of nitrates and phosphates in 

agricultural regions, indicating significant fertilizer runoff. Biologically, high levels of 

microbial contamination were prevalent, with elevated total and fecal coliforms, as well as 

the presence of E. coli, particularly in surface water sources. Additionally, a decline in 

aquatic biodiversity was observed in heavily polluted areas, signaling broader ecological 

distress. 

2. Overall Assessment of Water Quality in Chhattisgarh Based on the Study 

The overall water quality in Chhattisgarh presents significant challenges, with many water 

sources failing to meet local and national standards for both chemical and biological 
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parameters. The presence of heavy metals and microbial contaminants poses risks to public 

health and the environment. While some areas exhibit acceptable water quality, a 

considerable portion of the state’s water sources, particularly those near industrial and 

agricultural zones, require urgent attention and intervention to mitigate pollution. 

B. Contributions to Knowledge 

1. Advances in Understanding of Water Quality in the Region 

This study provides a comprehensive assessment of both chemical and biological water 

quality in Chhattisgarh, highlighting key pollutants and their sources. The findings advance 

the understanding of the spatial and seasonal variations in water quality across the state, 

contributing to the growing body of knowledge regarding environmental and public health 

risks in central India. 

2. Contribution to Policy and Management Strategies 

The study’s findings offer critical insights that can inform water management policies in 

Chhattisgarh. The identification of key pollution sources, such as industrial discharge and 

agricultural runoff, provides a basis for more targeted and effective policy interventions. The 

study underscores the need for improved water treatment and regulatory measures, 

contributing valuable data that can guide future water quality management strategies in the 

region. 

C. Recommendations 

1. Policy Recommendations for Improving Water Quality 

To improve water quality in Chhattisgarh, the following policy recommendations are 

proposed: 

• Implement stricter enforcement of industrial effluent regulations, requiring treatment 

before discharge into water bodies. 

• Promote sustainable agricultural practices that reduce the reliance on chemical 

fertilizers and prevent nutrient runoff. 

• Invest in infrastructure improvements, particularly in wastewater treatment and 

sanitation facilities, to reduce microbial contamination. 

• Enhance regular water quality monitoring, especially in vulnerable areas, to track 

progress and address emerging threats in a timely manner. 

2. Suggestions for Future Research 

Future research should focus on: 

• Investigating the long-term impacts of specific pollutants on both human health and 

aquatic ecosystems. 
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• Exploring the effectiveness of various water management practices and policies in 

reducing pollution. 

• Conducting more comprehensive studies on emerging contaminants, such as 

pharmaceuticals and microplastics, that were not covered in this study. 

• Expanding the geographic scope of research to include less-studied areas of 

Chhattisgarh to develop a more complete picture of water quality across the state. 

D. Limitations and Future Work 

1. Discussion of Study Limitations and Areas for Improvement 

The study had several limitations that should be addressed in future research. The sampling 

was limited to certain geographic areas and water sources, which may not fully represent the 

entire state. Additionally, temporal limitations restricted the analysis to specific seasons, 

potentially overlooking year-round variations in water quality. The study also focused 

primarily on well-established pollutants, leaving emerging contaminants underexplored. 

2. Potential Directions for Further Research in Water Quality Assessment 

Future research should aim to address these limitations by including more diverse sampling 

locations, conducting longitudinal studies that account for seasonal and temporal changes, 

and investigating a broader range of pollutants, including emerging contaminants. 

Additionally, research could explore the effectiveness of remediation techniques and 

community-based water management approaches to identify the most viable solutions for 

improving water quality in the region. 
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