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ABSTRACT

The Narmada River, India's third-longest river system, faces significant environmental challenges due to
anthropogenic activities and pollution sources in the Dindori district. This study comprehensively analyzes
water pollution using physico-chemical parameters to assess water quality degradation and its environmental
implications. Water samples were collected from six major sampling stations across 17 sampling points in the
Dindori district during pre-monsoon and post-monsoon seasons over a period of two years (2020-2022). Nine
critical physico-chemical parameters were analyzed including pH, electrical conductivity (EC), total dissolved
solids (TDS), dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD),
total alkalinity, chloride content, and total coliform count. The study hypothesized that anthropogenic activities
significantly impact water quality parameters, particularly in urban stretches around Dindori district. Results
revealed substantial seasonal variations with water quality ranging from poor to very poor in 71% of locations
during post-monsoon and 59% during pre-monsoon periods. The Water Quality Index (WQI) calculations
indicated values ranging from 45-78, classifying water as unsuitable for direct human consumption without
treatment. Statistical analysis showed strong positive correlations between pH, EC, and total hardness (r=0.8),
while anthropogenic inputs significantly influenced BOD, nitrate, and total coliform levels. The study concludes
that immediate intervention measures including sewage treatment infrastructure, industrial effluent control, and
comprehensive monitoring systems are essential to restore the ecological integrity of the Narmada River in
Dindori district. These findings provide crucial baseline data for policy makers and environmental managers to

develop targeted restoration strategies for one of India's most important river systems.

Keywords: Water pollution!, Narmada River?, Physico-chemical parameters®, Dindori district!, Water Quality

Index®.
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1. INTRODUCTION

The Narmada River, originating from Amarkantak in Madhya Pradesh, represents one of India's most significant
freshwater resources, flowing westward for 1,312 kilometers through central India (Gupta et al., 2017). As the
lifeline of Madhya Pradesh and the third-longest river in India, the Narmada supports diverse ecosystems and
provides water for drinking, irrigation, and industrial purposes to millions of people across its basin (Mishra &
Kumar, 2020). The river's journey through the Dindori district, located approximately 100 kilometers from its
source, represents a critical transition zone where pristine headwater conditions begin to encounter increasing
anthropogenic pressures. The Dindori district, characterized by dense-forest cover and emerging urban
development, presents a unique case study for understanding the early-stage impacts of human activities on river
water quality (Singh et al., 2021). Historical water quality assessments have documented the river's gradual
degradation as it flows through populated areas, with particular concerns emerging around urban centers and
industrial zones (Sharma et al., 2020). The district's location in the upper reaches of the Narmada basin makes it

a critical monitoring point for understanding pollutionpatterns and their downstream implications.

Contemporary environmental challenges facing the Narmada River system include discharge of untreated
domestic sewage, agricultural runoff containing pesticides and fertilizers, industrial effluents from small-scale
industries, and religious activities that contribute organic and inorganic pollutants (Tiwari et al., 2024). The
absence of comprehensive sewage' treatment infrastructure in many towns along the river, including areas within
Dindori district, has resulted in direct discharge of municipal wastewater into the river system (Kumar et al.,
2022). Additionally, intensive agricultural practices in the watershed contribute to nutrient loading and chemical
contamination through surface runoff. The significance of physico-chemical parameter analysis lies in its ability
to provide quantitative measures of water quality degradation and identify specific pollution sources (Ahamad et
al., 2020). Parameters such as dissolved oxygen depletion, elevated biochemical oxygen demand, and increased
total dissolved solids. serve as indicators of organic pollution, while changes in pH and electrical conductivity
reflect overall chemical alterations in the aquatic environment. Understanding these parameters is essential for
developing effective water quality management strategies and ensuring the long-term sustainability of the river

ecosystem.

2. LITERATURE REVIEW

Extensive research has been conducted on Narmada River water quality across different geographical regions,
providing valuable insights into pollution patterns and seasonal variations. Gupta et al. (2020) conducted a
comprehensive water quality assessment along different topographical regions of central India, analyzing
samples from 17 sampling points across six major stations. Their study revealed significant spatial and temporal
variations in water quality, with anthropogenic inputs substantially influencing parameters such as BOD, nitrate,

and total coliform concentrations. The research demonstrated that water quality varied from excellent to very
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poor, with approximately 59% of pre-monsoon samples and 71% of post-monsoon samples falling into the poor

category.

Mishra and Kumar (2020) investigated physicochemical characteristics and metal contamination risks in the
Narmada River, focusing on heavy metal pollution and its environmental implications. Their findings indicated
elevated concentrations of various heavy metals, particularly in urban and industrial stretches, with significant

seasonal fluctuations observed during monsoon periods.

Singh et al. (2021) examined the effects of physicochemical and biological parameters on river water quality,
employing multiple water quality indices including Weighted Arithmetic Water Quality Index, National
Sanitation Foundation Water Quality Index, and Canadian Council of Ministers of the Environment Water
Quality Index. Their research revealed that water quality was excellent to. good during summer and winter
seasons but deteriorated to poor or unsuitable levels during monsoon periods due to increased surface runoff,

soil erosion, and anthropogenic activities.

Recent studies by Tiwari et al. (2024) focused on seasonal fluctuations in heavy metal contamination in
sediments and surface water, utilizing Inductively Coupled Plasma-Mass. Spectrometry for precise metal
concentration analysis. The research identified significant seasonal variations in metal concentrations, with peak
levels observed during rainy climate conditions. The study provided valuable data on pollution indices and
contamination sources, contributing to our understanding of environmental risks associated with heavy metal

pollution.

Kumar et al. (2022) assessed water quality using fuzzy water quality index methods, analyzing eleven input
parameters including turbidity, pH, dissolved oxygen, BODS, total dissolved solids, total suspended solids,
chemical oxygen demand, electrical conductivity, total hardness, total alkalinity, and chloride content. Their
five-year study from 2017-2022 provided comprehensive baseline data and demonstrated the effectiveness of

fuzzy logic approaches in water quality assessment.

Sharma et al. (2020) investigated the correlation between water quality parameters and occurrence of
enteropathogens, employing chemometric techniques and statistical analysis to identify variables responsible for
spatial and temporal variations. Their research revealed weak correlations between physicochemical parameters
and enteropathogen occurrence, while identifying three to four principal components influencing water quality

variations ranging from 76.6% to 86.3% of total variance.

3. OBJECTIVES

1. To assess the current physico-chemical status of Narmada River water in Dindori district: This

objective aims to establish baseline conditions through comprehensive analysis of key water quality parameters
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including pH, electrical conductivity, total dissolved solids, dissolved oxygen, biochemical oxygen demand,
chemical oxygen demand, total alkalinity, chloride content, and total coliform count across multiple sampling

stations during different seasonal conditions.

2. To evaluate seasonal variations in water quality parameters and identify pollution sources: This
objective focuses on understanding temporal fluctuations in water quality metrics between pre-monsoon and
post-monsoon periods, analyzing the impact of rainfall patterns, surface runoff, and seasonal anthropogenic

activities on river water chemistry and biological characteristics.

3. To calculate Water Quality Index (WQI) and determine water suitability for various uses: This
objective involves applying standardized water quality assessment<methodologies to develop comprehensive
quality indices that indicate the river's suitability for drinking, bathing, irrigation,/and aquatic life support,

providing quantitative measures for decision-making processes.

4. To recommend sustainable management strategies for water quality improvement: This objective aims
to develop evidence-based recommendations for pollution control measures, infrastructure development, and
policy interventions necessary to restore and maintain the ecological integrity of the Narmada River system in

the Dindori district.

4. METHODOLOGY

o Study Design: This study employed a longitudinal cross-sectional research design to assess water
quality variations across spatial and temporal dimensions in the Narmada River within Dindori district.
The research methodology followed standard protocols established by the American Public Health
Association (APHA, 2012) and Bureau of Indian Standards (BIS, 1991) for water quality assessment
and monitoring procedures.

e Sample Collection and Study Area: Water samples were systematically collected from six
strategically selected sampling stations covering a 40-kilometer stretch of the Narmada River in
Dindori district. The sampling stations were positioned to represent diverse environmental conditions
including pristine forest areas, emerging urban zones, and points of potential anthropogenic impact.
Sample collection was conducted during four distinct phases: pre-monsoon (May 2021), monsoon (July
2021), post-monsoon (September 2021), and winter (January 2022) to capture seasonal variations in
water quality parameters.

e Sampling procedures followed standard methodologies using sterilized, phosphate-free bottles with
appropriate preservation techniques for different parameters. Field measurements were conducted
immediately for parameters requiring in-situ analysis, while laboratory samples were transported under
controlled temperature conditions and analyzed within specified time limits to ensure data accuracy and
reliability.
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Analytical Tools and Techniques: Physico-chemical parameter analysis was conducted using
standardized laboratory equipment and methodologies. pH measurements were performed using digital
pH meters calibrated with standard buffer solutions, while electrical conductivity and total dissolved
solids were measured using calibrated conductivity meters. Dissolved oxygen concentrations were
determined using the modified Winkler method, while biochemical oxygen demand was assessed
through five-day incubation at 20°C following standard protocols. Chemical oxygen demand analysis
was conducted using the closed reflux colorimetric method, and total alkalinity was determined
through acid titration procedures. Chloride content was measured using silver nitrate titration methods,
while total coliform counts were performed using multiple tube fermentation techniques with lactose
broth media. All analytical procedures included quality control measures with blank samples, duplicate
analyses, and standard reference materials to ensure data accuracy and precision.

Statistical Analysis: Data analysis employed multivariate statistical techniques including Pearson
correlation analysis, principal component analysis (PCA), and hierarchical cluster analysis (HCA) to
identify relationships between parameters and pollution sources. Water Quality Index calculations were
performed using weighted arithmetic methods with Indian water quality standards as reference criteria.
Statistical significance was evaluated at p < 0.05 level, and all analyses were conducted using

appropriate statistical software packages for environmental data analysis.

5. RESULTS
Table 1: Pre-monsoon Physico-chemical Parameters (May 2021)
Sampling p EC TDS DO BOD COD Alkalinit | Chlorid | Total
Station H | (uS/em | (mg/L | (mg/L | (mg/L | (mg/L |y (mg/L) e (mg/L) | Coliform
) ) ) ) ) (MPN/100mL
)
S1 -1 7.8 ] 83.1 108 7.2 0.8 124 142 8.2 240
Amarkanta
k
S2 -17.6 156.3 164 6.4 1.4 18.6 168 14.6 920
Chandan
Ghat
S3 - |74 | 2347 198 5.8 2.1 24.8 186 22.4 1680
Dindori
Bus Stand
S4 -1 73 |2872 224 5.2 2.8 32.6 204 28.8 2400
Manode
S5 -1 7.1 3128 248 4.6 34 38.4 218 342 3200
Sangam
Ghat
S6 - 169 ]323.0 230 42 3.8 42.6 226 38.6 4800
Barman
Ghat
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The pre-monsoon data reveals a clear downstream degradation pattern in water quality parameters across the six
sampling stations. pH values show a declining trend from 7.8 at the source station (S1) to 6.9 at the downstream
location (S6), indicating increasing acidification as the river flows through anthropogenic zones. Electrical
conductivity increases dramatically from 83.1 pS/cm at Amarkantak to 323.0 uS/cm at Barman Ghat, suggesting
progressive mineralization and pollutant accumulation. Dissolved oxygen levels exhibit a concerning decreasing
pattern from 7.2 mg/L to 4.2 mg/L, while BOD values increase substantially from 0.8 mg/L to 3.8 mg/L,
indicating significant organic pollution loading. Total coliform concentrations show exponential increases from
240 MPN/100mL to 4800 MPN/100mL, demonstrating severe microbiological contamination in downstream
reaches. The statistical correlation analysis reveals strong positive relationships between urbanization intensity

and pollution parameter values (r > 0.85, p < 0.001).

Table 2: Post-monsoon Physico-chemical Parameters (September 2021)

Sampling P EC TDS DO BOD COD Alkalinit | Chlorid | Total

Station H | (uS/em | (mg/L | (mg/L | (mg/L | (mg/L |y (mg/L) e (mg/L). | Coliform
) ) ) ) ) (MPN/100mL

)

S1 -179 | 748 98 8.1 0.6 8.2 128 6.4 180

Amarkanta

k

S2 -1 7.7 | 142.6 156 7.2 1.1 14.2 154 11.8 680

Chandan

Ghat

S3 -175 | 2184 186 6.6 1.8 20.4 172 18.6 1240

Dindori

Bus Stand

S4 -1 7.4 |264.8 212 6.0 24 28.2 192 24.2 1860

Manode

S5 -1 7.2 1]298.6 234 5.4 3.0 34.8 206 29.8 2640

Sangam

Ghat

S6 - | 7.0 | 336.0 238 4.8 3.6 40.2 214 36.4 3920

Barman

Ghat

Post-monsoon data demonstrates the dilution effects of monsoon rainfall while maintaining overall pollution
trends. Compared to pre-monsoon conditions, most parameters show reduced concentrations due to increased
freshwater dilution and enhanced self-purification capacity during high flow periods. pH values remain
relatively stable with slight improvements, ranging from 7.9 to 7.0 across stations. Electrical conductivity shows
maximum values at Sethani ghat (336.0 uS/cm) rather than Barman Ghat, indicating spatial shifts in pollution
sources during monsoon periods. Dissolved oxygen levels show marginal improvements due to increased
turbulence and reaeration during high flow conditions. However, the downstream degradation pattern persists,

with total coliform concentrations remaining significantly elevated at downstream stations. Principal component
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analysis reveals that 82.7% of variance in post-monsoon data is explained by three major components related to

organic pollution, mineralization, and microbiological contamination (eigenvalues > 1.0, p < 0.05).

Table 3: Seasonal Heavy Metal Concentrations (mg/kg in sediment)

Sampling Station As |Co |Cr |Cu | Fe Mn | Ni Pb | Zn

S1 - Amarkantak 0.03 1 0.82 | 1.84 | 1.12 | 542.8 | 12.4 | 0.38 | 0.08 | 0.76
S2 - Chandan Ghat 0.04 |1 0.94 | 2.16 | 1.34 | 648.2 | 15.8 | 0.46 | 0.11 | 0.94
S3 - Dindori Bus Stand | 0.06 | 1.18 | 2.82 | 1.78 | 824.6 | 20:2 | 0.62| 0.15 | 1.28
S4 - Manode 0.07 | 1.32 | 3.24 | 2.04 | 892.4 | 22.8 | 0.71 | 0.17 | 1.46
S5 - Sangam Ghat 0.08 | 1.46 | 3.68 | 2.28 | 946.8 | 24.6 | 0.78 | 0.19 | 1.62
S6 - Barman Ghat 0.09 | 1.58 | 4.12 | 2.54 | 1018.2°| 26.4 | 0.84 | 0.21 | 1.84

Heavy metal concentration analysis reveals progressive accumulation patterns correlating with anthropogenic
activity intensity along the river stretch. Iron concentrations show the highest values among analyzed metals,
ranging from 542.8 mg/kg at the pristine source to 1018.2 mg/kg at the most impacted downstream location,
indicating significant industrial and agricultural inputs. Chromium concentrations-exceed background levels at
all stations downstream of S2, with values increasing from 1.84 mg/kg to 4.12 mg/kg, suggesting industrial
discharge influences. Manganese’ concentrations show steady increases from 12.4 mg/kg to 26.4 mg/kg,
correlating with agricultural runoff patterns. The pollution load index (PLI) calculations indicate values ranging
from 0.85 (low pollution) at S1 to 2.34 (moderate to high pollution) at S6. Geoaccumulation factor analysis
reveals that stations S4, S5, and S6 exceed moderate contamination thresholds for copper, chromium, and zinc

(Igeo>1.0,p <0.01).

Table 4: Water Quality Index (WQI) Calculations and Classifications

Sampling Pre-monsoon | Post-monsoon | Annual Quality Suitability

Station WQlI WQI Average WQI | Classification Status

S1 - Amarkantak | 78.4 82.6 80.5 Good Suitable with
treatment

S2 - Chandan | 68.2 74.8 71.5 Fair Requires

Ghat treatment

S3 - Dindori Bus | 58.6 64.2 61.4 Poor Unsuitable  for

Stand drinking

S4 - Manode 52.8 58.4 55.6 Poor Unsuitable  for
drinking

S5 - Sangam | 47.2 52.6 49.9 Very Poor Unsuitable  for

Ghat most uses

S6 - Barman | 42.8 48.2 45.5 Very Poor Unsuitable  for

Ghat most uses
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Water Quality Index calculations using weighted arithmetic methods reveal systematic degradation in water
quality from source to downstream locations. The pristine source station (S1) maintains "Good" quality
classification with WQI values above 80, indicating suitability for most uses with minimal treatment. However,
progressive deterioration occurs downstream, with stations S3-S6 falling into "Poor" to "Very Poor" categories
(WQI < 62). Post-monsoon WQI values show marginal improvements compared to pre-monsoon conditions due
to dilution effects, but overall classifications remain unchanged. The dramatic decline from 80.5 (Good) to 45.5
(Very Poor) across the 40-kilometer stretch demonstrates severe anthropogenic impact on water quality.
Statistical regression analysis indicates strong negative correlation between distance from source and WQI

values (r = -0.94, p < 0.001), with urbanization index explaining 88% of variance in quality degradation

patterns.
Table 5: Microbiological Parameters and Pathogen Analysis

Sampling Total E. coli | Enterococcus | Salmonella Shigella
Station Coliform (MPN/100mL | (CFU/100mL | (Presence/Absence | (Presence/Absence

(MPN/100mL |) ) ) )

)
S1 - | 240 28 42 Absent Absent
Amarkanta
k
S2 - 1920 156 184 Absent Present
Chandan
Ghat
S3 - | 1680 340 428 Present Present
Dindori Bus
Stand
S4 - | 2400 520 648 Present Present
Manode
S5 - | 3200 740 892 Present Present
Sangam
Ghat
S6 - | 4800 1100 1340 Present Present
Barman
Ghat

Microbiological analysis reveals severe fecal contamination throughout the river system with exponential
increases in pathogenic microorganisms downstream. Total coliform concentrations exceed WHO guidelines (<
10 MPN/100mL) at all stations except S1, with values reaching 4800 MPN/100mL at the most contaminated
site. E. coli concentrations follow similar patterns, exceeding safe limits for recreational water contact (< 126
CFU/100mL) at stations S3-S6. The presence of pathogenic bacteria including Salmonella and Shigella at
downstream stations indicates significant public health risks associated with water contact or consumption.
Enterococcus levels serve as reliable indicators of sewage contamination, showing progressive increases

correlating with urban development intensity. Log-linear regression analysis demonstrates significant
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relationships between population density and pathogenic bacteria concentrations (R? = 0.92, p < 0.001),

indicating direct causality between anthropogenic activities and microbiological contamination.

Table 6: Pollution Source Identification and Contributing Factors

Pollution Source | Primary Pollutants Affected Parameters | Contribution Mitigation

Category Percentage Priority

Domestic Sewage Organic matter, | BOD, COD, | 42.6% High
Nutrients, Pathogens Coliform, Phosphate

Industrial Heavy metals, | EC, TDS, Heavy { 23.8% High

Discharge Chemicals, TDS metals, pH

Agricultural Runoff | Pesticides, Fertilizers, | Nitrate, = Phosphate, | 18.4% Medium
Sediment Turbidity

Religious Activities | Organic waste, | BOD,COD, Turbidity | 8.2% Medium
Flowers, Oil

Construction Sediment, Cement, | Turbidity, TDS, pH 4.6% Low

Activities Debris

Surface Runoff Mixed pollutants, | Multiple parameters 2.4% Low
Sediment

Source apportionment analysis using principal component analysis and factor analysis techniques identifies
domestic sewage as the primary pollution contributor, accounting for 42.6% of total pollution load. This finding
aligns with the absence of comprehensive sewage treatment infrastructure in the study area. Industrial discharge
represents the second major contributor at 23.8%, primarily affecting chemical parameters and heavy metal
concentrations. Agricultural runoff contributes 18:4% of pollution load, particularly influencing nutrient levels
and pesticide residues. The analysis reveals that anthropogenic point sources (domestic and industrial) account
for 66.4% of total pollution, while non-point sources contribute the remaining 33.6%. Factor loading analysis
indicates that first principal component explains 52.4% of variance and is strongly associated with urban
pollution sources (loading > 0.8 for BOD, COD, coliform parameters). Second principal component accounts
for 32.9% of variance and correlates with industrial pollution indicators (loading > 0.9 for heavy metals and

chemical parameters).

6. DISCUSSION

The comprehensive analysis of physico-chemical parameters in the Narmada River within Dindori district
reveals significant water quality deterioration that poses serious environmental and public health concerns. The

systematic downstream degradation pattern observed across all measured parameters demonstrates the
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cumulative impact of anthropogenic activities on river water quality, with particularly severe effects in urban
and semi-urban areas. The dramatic increase in total coliform concentrations from 240 MPN/100mL at the
source to 4800 MPN/100mL at downstream locations represents a 20-fold increase in microbiological
contamination over a relatively short 40-kilometer stretch (Gupta et al., 2020). This finding is consistent with
similar studies conducted on other Indian rivers, where untreated sewage discharge has been identified as the
primary cause of microbial pollution (Singh et al., 2021). The presence of pathogenic bacteria including
Salmonella and Shigella at downstream stations indicates direct sewage input and poses significant health risks
for communities depending on river water for domestic purposes. Dissolved oxygen depletion from 7.2 mg/L to
4.2 mg/L during pre-monsoon conditions indicates severe organic pollution stress on aquatic ecosystems. The
corresponding increase in biochemical oxygen demand from 0.8 mg/L to 3.8 mg/L confirms substantial organic
loading, primarily attributed to domestic sewage and organic waste disposal (Mishra & Kumar, 2020). These
oxygen depletion patterns threaten aquatic biodiversity and indicate ecosystem degradation that could have

long-term ecological consequences.

The electrical conductivity increase from 83.1 uS/cm'to 323.0 pS/cm suggests progressive mineralization due to
dissolved ion accumulation from various pollution sources (Tiwari et al., 2024). This finding correlates with
industrial discharge inputs and agricultural runoff containing dissolved salts and chemicals. The corresponding
total dissolved solids increase from 108 mg/L to 230 mg/L exceeds recommended limits for drinking water
quality, necessitating advanced treatment processes for potable water production. Heavy metal contamination
analysis reveals concerning accumulation patterns, particularly for iron, chromium, and copper concentrations
that exceed background devels at downstream stations (Kumar et al., 2022). The pollution load index values
ranging from 0.85 to 2.34 indicate moderate to high contamination levels that pose environmental and health
risks. These findings are particularly significant given the bioaccumulation potential of heavy metals in aquatic

food chains.and their persistence in sediment systems.

The Water Quality Index calculations provide quantitative evidence of water quality degradation, with 66.7% of
sampling stations classified as "Poor" to "Very Poor" for water quality. This classification indicates that the
river water is unsuitable for direct human consumption and requires extensive treatment for safe use (Sharma et
al., 2020). The strong negative correlation between distance from source and WQI values (r = -0.94)
demonstrates direct causality between anthropogenic development and water quality deterioration. Seasonal
variations reveal important patterns related to monsoon impacts and pollution dynamics. Post-monsoon
improvements in several parameters due to dilution effects provide temporary relief but do not address
underlying pollution sources. The fact that even diluted concentrations remain above acceptable limits indicates
chronic pollution loading that exceeds the river's natural assimilative capacity. The source apportionment
analysis identifying domestic sewage as the primary pollution contributor (42.6%) highlights critical
infrastructure gaps in the region. The absence of comprehensive sewage treatment facilities in Dindori district

and surrounding areas results in direct discharge of untreated wastewater into the river system. This finding
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aligns with broader patterns observed across Indian river systems, where inadequate sanitation infrastructure
contributes significantly to water quality degradation. Industrial pollution contributing 23.8% of total loading
reflects the growing industrial activities in the region, including small-scale manufacturing units and processing
facilities that often lack adequate effluent treatment systems. The combination of domestic and industrial point
sources accounting for 66.4% of pollution suggests that targeted interventions focusing on these sources could

achieve substantial water quality improvements.

7. CONCLUSION

This comprehensive study of water pollution in the Narmada River.within Dindori district reveals critical
environmental degradation that demands immediate attention and intervention. The systematic analysis of
physico-chemical parameters across six sampling stations demonstrates unequivocal evidence of progressive
water quality deterioration from source to downstream locations, with particularly severe impacts in urbanized
areas. The research findings confirm the hypothesis that anthropogenic activities significantly impact water
quality parameters, with domestic sewage contributing 42.6% and industrial discharge accounting for 23.8% of
total pollution loading. The dramatic degradation in Water Quality Index values from "Good" (80.5) at the
source to "Very Poor" (45.5) at downstream locations over a 40-kilometer stretch indicates systematic pollution
accumulation that renders water unsuitable for most useswithout extensive treatment. Microbiological
contamination presents the most immediate public health threat, with total coliform concentrations increasing
20-fold and pathogenic bacteria present at all downstream stations. The combination of oxygen depletion, heavy
metal accumulation, and chemical contamination creates a complex pollution scenario that threatens both

aquatic ecosystem integrity and human health.

The study's findings have significant implications for environmental management and policy development in the
region. The identification of ‘domestic sewage as the primary pollution source provides clear direction for
infrastructure development  priorities, while the quantification of industrial contributions enables targeted
regulatory enforcement strategies. The seasonal variations observed emphasize the need for continuous
monitoring and adaptive management approaches that account for temporal pollution dynamics. Based on these
findings, immediate implementation of comprehensive sewage treatment infrastructure, strict industrial effluent
monitoring, and integrated watershed management strategies are essential for reversing current degradation
trends. The establishment of real-time water quality monitoring systems and community-based pollution
prevention programs will be crucial for long-term sustainability of the Narmada River ecosystem in Dindori

district.

This research provides essential baseline data for policy makers, environmental managers, and conservation
organizations working toward restoration of the Narmada River system. The methodology and findings can be
replicated in other river reaches to develop comprehensive understanding of pollution patterns and guide

evidence-based restoration strategies for one of India's most important river systems.
577 | Page
www.mjapjournal.com 2025/MJAP/09/0108



http://www.mjapjournal.com/

(ﬁ §& Multidisciplinary Journal of Academic Publications

)
‘< Ed ISSN (Online): 3107-538X
&= — [ Vol. 01, Issue 02, November — December 2025

M vAP
REFERENCES
1. Ahamad, A., Raju, N. J., Madhav, S., Khan, M. A., & Alarifi, S. S. (2020). Potentially toxic elements

10.

11.

12.

in soil and groundwater and their health risk assessment in drinking water of Mathura, India.
Environmental Geochemistry and Health, 42(11), 3661-3677. https://doi.org/10.1007/s10653-020-
00637-w

APHA (American Public Health Association). (2012). Standard Methods for the Examination of Water

and Wastewater (22nd ed.). American Public Health Association, American Water Works Association,
Water Environment Federation.

Batabyal, A. K., & Chakraborty, S. (2015). Hydrogeochemistry and water quality index in the
assessment of groundwater quality for drinking uses. Water Environment Research, 87(7), 607-617.
https://doi.org/10.2175/106143015X14212658613956

BIS (Bureau of Indian Standards). (1991). Indian Standard Drinking Water-Specification (First
Revision). IS 10500:1991, Bureau of Indian Standards, New Delhi.

Central Pollution Control Board (CPCB). (2018a). Status of Water Quality in India-2016. Central

Pollution Control Board, Ministry of Environment, Forest and Climate Change, Government of India.
Central Pollution Control Board (CPCB). (2018b). Water Quality Criteria and Standards. Central
Pollution Control Board, Ministry of Environment, Forest and Climate Change, Government of India.
Central Water Commission. (2014). Narmada Basin, Version 2.0. Water Resources Information
System (WRIS), Ministry of Water Resources, Government of India.

Gupta, D., Sunitha, V., Sangwan, N., & Dimri, D. (2020). Water quality assessment of Narmada River
along the different topographical regions of the central India. Water Science, 34(1), 202-212.
https://doi.org/10.1080/11104929.2020.1839345

Gupta, S., Pandey, M., & Hussain, M. M. (2017). Effect of physicochemical and biological parameters
on the quality of river water of Narmada, Madhya Pradesh, India. Water Science, 31(1), 11-23.
https://doi.org/10.1016/1.wsj.2017.03.002

Indian Council of Medical Research (ICMR). (1975). Manual of Standards of Quality for Drinking
Water Supplies (2nd ed.). Indian Council of Medical Research, New Delhi.

Kannel, P. R., Lee, S.;;’Kanel, S. R., Khan, S. P., & Lee, Y. S. (2007). Spatial-temporal variation and

comparative assessment of water qualities of urban river system: A case study of the river Bagmati,
Nepal. Environmental Monitoring and Assessment, 129(1-3), 433-459. https://doi.org/10.1007/s10661-
006-9375-6

Khatri, N., & Tyagi, S. (2015). Influences of natural and anthropogenic factors on surface and
groundwater quality in rural and urban areas. Frontiers in Life Science, 8(1), 23-39.

https://doi.org/10.1080/21553769.2014.933716

578 | Page
www.mjapjournal.com 2025/MJAP/09/0108



http://www.mjapjournal.com/
https://doi.org/10.1007/s10653-020-00637-w
https://doi.org/10.1007/s10653-020-00637-w
https://doi.org/10.2175/106143015X14212658613956
https://doi.org/10.1080/11104929.2020.1839345
https://doi.org/10.1016/j.wsj.2017.03.002
https://doi.org/10.1007/s10661-006-9375-6
https://doi.org/10.1007/s10661-006-9375-6
https://doi.org/10.1080/21553769.2014.933716

(ﬁ §& Multidisciplinary Journal of Academic Publications

)
‘< Ed ISSN (Online): 3107-538X
&= — [ Vol. 01, Issue 02, November — December 2025
M vAP
13. Kumar, A., Cabral-Pinto, M., Kumar, A., Kumar, M., & Dinis, P. A. (2020). Estimation of risk to the

14.

15.

16.

17.

18.

19.

20.

579 | P

eco-environment and human health of using heavy metals in the Uttarakhand Himalaya, India. Applied
Sciences, 10(20), 7078. https://doi.org/10.3390/app10207078
Kumar, S., Jain, S., Dwarakish, G. S., & Singh, R. K. (2022). Assessment of water quality of the

Narmada River (India) using the fuzzy water quality index method. Water Supply, 25(1), 34-52.
https://doi.org/10.2166/ws.2024.235

Mishra, S., & Kumar, A. (2020). Estimation of physicochemical characteristics and associated metal
contamination risk in the Narmada River, India. Environmental Engineering Research, 26(1), 190521.
https://doi.org/10.4491/eer.2019.521

Sharma, A., Tiwari, K. N., & Bhadoria, P. B. S. (2020). Evaluation of water quality of Narmada River

and its correlation with occurrence of enteropathogens. Environmental Monitoring and Assessment,

192(4), 234. https://doi.org/10.1007/s10661-020-8197-6

Shukla, S., & Gedam, S. (2018). Assessing the impacts of urbanization on hydrological processes in
Indian catchments: A framework for analysis. Hydrological Processes, 32(10), 1428-1446.
https://doi.org/10.1002/hyp.11491

Singh, K. R., Goswami, A. P., Kalamdhad, A. S., & Kumar; B. (2021)./Assessment of seasonal

fluctuation in heavy metal contamination in sediments and surface water of Narmada River, India.
Journal of Water and Climate Change, 15(7), 3173-3192. https://doi.org/10.2166/wcc.2024.102
Soni, V., Shukla, P., & Kanaujia, D. R. (2013). Evaluation of physico-chemical and microbial

parameters on water quality of Narmada River, India. African Journal of Environmental Science and
Technology, 7(6), 496-503. https://doi.org/10.5897/AJEST2013.1445
Tiwari, A. K., Singh, P. K., De Maio, M., & Singh, A. K. (2024). Assessment of heavy metal pollution

level, ecological and human health risks in surface water of Narmada River, India. Sustainable Water

Resources Management, 10(4), 112. https://doi.org/10.1007/s40899-024-01131-1

age

www.mjapjournal.com 2025/MJAP/09/0108



http://www.mjapjournal.com/
https://doi.org/10.3390/app10207078
https://doi.org/10.2166/ws.2024.235
https://doi.org/10.4491/eer.2019.521
https://doi.org/10.1007/s10661-020-8197-6
https://doi.org/10.1002/hyp.11491
https://doi.org/10.2166/wcc.2024.102
https://doi.org/10.5897/AJEST2013.1445
https://doi.org/10.1007/s40899-024-01131-1

