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INTRODUCTION
Assessment of safe drinking water is a gateway of public 
health and an essential factor of sustainable development. 
Chandel District, Manipur, which covers about 3,31,300 
hectares and sharing an international border with Myanmar, 
rapid population growth and shifting land-use patterns have 
placed mounting pressure on already limited water resources. 
The district is administratively divided into five sub-divisions 
which rely on a diverse mix of water sources including taps, 
wells, hand pumps, tube wells, natural springs and surface 
waters such as the Maha, Chakpi and Machi rivers along 
with numerous ponds. These sources served an estimation of 
32,185 households distributed across 454 villages. From the 

demographic data, during 1951 to 2011, along with projections 
extending to 2044, reveal a consistent upward trend in 
population indicating a steady increase in water demand and a 
growing susceptibility of stress on local water systems.

 A water quality index (WQI) is a valuable tools for encapsu-
lating physico-chemical and biological data into a single and 
unambiguous value. The weighted arithmetic WQI developed 
by Brown et al. (1972) is one of the most widely used for eval-
uating drinking water quality, as it provides a comprehensive 
measure that aligns with established health-based standards 
among the different approaches. Henceforth, the main objec-
tive of the present study is to assess and compare seasonal 
variations in drinking water quality from different sources in 
Chandel District, Manipur, using the weighted arithmetic WQI 
to identify vulnerable sources and highlight effective manage-
ment strategies.

Literature Survey

Horton (1965) was first introduced the concept of combin-
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Safe drinking water remains a significant concern for rural and tribal communities in Chan-
del District, Manipur. The present study assessed the water quality over a period of three year 
(October 2015 to September 2018) by collecting monthly samples from taps, wells, hand 
pumps, tube wells, springs, three rivers (Maha, Chakpi and Machi) and ponds. Ten phys-
ico-chemical and biological parameters were measured and the weighted arithmetic Water 
Quality Index (WQI) was calculated for summer, winter and rainy seasons. Results showed a 
marked seasonal influence to tap water and springs were consistently in the “very poor” cat-
egory (WQI ~86–95), while wells and tube wells were “poor” ranging from 60 to 70. Mon-
soon rains caused the most severe deterioration in surface water, with Chakpi River scoring 
107–161 and ponds around 130, rendering them unsafe for consumption. Hand pumps water, 
already poor in summer, declined further in winter and rainy periods. Groundwater sources 
were generally safer than surface water but did not always meet safe limits. These findings 
underscore the urgent need for improved treatment facilities, regular monitoring, and catch-
ment area protection. Comparison with national and international standards suggests that 
Chandel’s water quality issues reflect wider regional and global challenges, making local 
action part of a broader public health priority.

Copyright© The author(s) 2025,This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

ARTICLE INFO                                               ABSTRACT                                 

Water Quality Index, Seasonal variation, 
Drinking water, Groundwater, Surface water, 
Rural and tribal communities

Key words:

Received 15th July  2025
Received in revised form 27th July  2025
Accepted 14th August 2025
Published online 28th August 2025

Article History:

 Research Article

1Department of Environmental Science, South East Manipur College, Komlathabi, Chandel District, Manipur, India
2Department of Environmental Science, Oriental College, Imphal West District, Manipur, India

3Department of Environmental Science, Thoubal College,  Thoubal Distict, Manipur, India



Comparative Evaluation of Drinking Water Sources Using Weighted Arithmetic Wqi In Chandel District, Manipur

438

ing multiple water quality parameters into a single represen-
tative score followed by Brown et al. (1972) later optimized 
this approach into the weighted arithmetic WQI which inte-
grates quality ratings and unit weights derived from different 
standards. Cude (2001) illustrated the policy-making value 
of such indices, while Abbasi and Abbasi (2012) highlighted 
that the Brown method performs effectively when parameter 
weights are linked to guideline values. In India, Trivedy and 
Goel (1986) and Khopkar (1995) played a key role in stan-
dardising field sampling and laboratory analysis protocols to 
ensure consistency across studies. Practical applications have 
demonstrated WQI’s ability to uncover potential risks in both 
groundwater and surface water sources. Ramakrishnaiah et al. 
(2009) reported “poor” WQI values in some parts of Karnata-
ka despite acceptable chemical readings, and Sahu and Sikdar 
(2008) detected bacteriological contamination in East Kolkata 
wetlands where chemical parameters met standards. Tyagi et 
al. (2013) confirmed the suitability of the Brown method in 
Indian settings when used with BIS (2012) and WHO (2011) 
standards. Seasonal influences on WQI are well illustrated in 
Tiwari and Mishra (1985), Chatterjee and Raziuddin (2002), 
Sargaonkar and Deshpande (2003), Shaban and Sharma (2007) 
and Bajpai and Bhandari (2001) linked monsoon runoff and 
low winter flows to declines in water quality.

Although groundwater often displays greater stability (Rajan-
kar, 2013; Maurya & Qureshi, 2017), it is still vulnerable to 
nitrate contamination, coliform presence and post-monsoon 
infiltration (Amaaliya & Sugirtha, 2013). Singh and Kamal 
(2014) further noted that hardness and elevated iron concen-
trations can reduce WQI scores. International studies by Abo-
wei (2010) and Kannel et al., (2007) have demonstrated the 
adaptability of WQI when parameters are tailored to local con-
ditions. 

METHODOLOGY
Study Area and Design

The investigation was carried out in Chandel District, Mani-
pur, covering its five administrative sub-divisions viz. Machi, 
Tengnoupal, Chandel, Chakpikarong and Khenjoy. The most 
population of Chandel relies on a diverse mix of drinking wa-
ter sources, including tap water, wells, hand pumps, tube wells, 
natural springs and rivers such as the Maha, Chakpi and Machi 
including traditional village ponds.

The sampling of water from different sources was conducted 
over a period of three years from October 2015 to September 
2018 to capture both seasonal and inter-annual variation. Sam-
ples for examination were collected from multiple representa-
tive points each month for every source type. The parameters 
like temperature, turbidity, pH and dissolved oxygen (DO) are 
measured directly in the field. Samples were then transport-
ed to the laboratory for measurement of parameters like free 
carbon dioxide (CO2), biochemical oxygen demand (BOD), 
total hardness (TH), calcium (Ca²+), magnesium (Mg²+) and 
faecal coliform counts. The analytical methods were strictly 
followed by standard methodology described by Trivedy and 
Goel (1986), the American Public Health Association (APHA, 
1998) and Khopkar (1995). 

Water Quality Index (WQI) Computation

Water quality of various water samples was evaluated using 

the weighted arithmetic WQI approach endorsed by Brown et 
al. (1972). The water quality index was computed by using the 
equation:

WQI = Σ(qn × wn) / Σ(wn)

Where, qn = 100× (Vn−V0) / (Sn−V0) with V0 = 0 ​for most pa-
rameters, pH ideal = 7.0 and DO ideal = 14.6 mg L-¹

Unit weights (wn) were computed as K/Sn with Sn ​ being the 
standard permissible value.

Seasonal WQIs were calculated separately for summer, win-
ter and rainy seasons. The classification of water quality status 
followed the scale given by Brown et al., (1972), enabling a 
uniform comparison across source types and seasons.

Data Handling and Statistical Analysis

The computed seasonal WQI values were consolidated into a 
master dataset structured by water source type. For  identifica-
tion of significant trends, with season and water source type as 
explanatory variables was applied by using an Ordinary Least 
Squares (OLS) regression model. Pearson’s standard deviation 
was also calculated to examine the strength and direction of 
relationships between WQI, season and source type. This sta-
tistical approach complemented descriptive comparisons, pro-
viding a robust basis for identifying seasonal vulnerabilities 
and prioritizing management actions.

RESULTS AND DISCUSSION
The seasonal variation in drinking water quality across multi-
ple source of water in Chandel District, Manipur was assessed 
by using the Weighted Arithmetic Water Quality Index (WQI) 
method. Selective ten physico-chemical and bacteriologi-
cal parameters were monitored over a period of three years 
(October 2015 to September 2018) to capture the influence of 
rainfall patterns, temperature fluctuations and anthropogenic 
pressures on water quality. Seasonal comparisons are partic-
ularly important in rural and tribal contexts, where communi-
ties depend largely on untreated or minimally treated sources. 
The detailed seasonal WQI values for each water source are 
highlighted in Table 1, while Figure1 presents these patterns 
graphically. Descriptive statistics are given in Table 2 and a 
source-wise seasonal comparison are displayed in Table3.

Table 1 .Seasonal Water Quality Index (WQI) of different 
sources of water in Chandel District

Source WQI 
(Summer)

WQI 
(Winter)

WQI 
( Rainy)

Chakpi river 96.88 161.20 107.27
Machi river 104.22 84.53 107.48
Maha river 98.85 82.09 108.28
Hand pump 72.69 76.21 81.35

Pond 99.09 89.49 130.35
Spring 89.77 94.49 69.30

Tap water 86.38 90.55 89.05
Tube well 63.66 60.34 69.23

Well 62.22 67.83 64.85
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Fig.1. Graphical representationof the Seasonal Water Quality 
Index (WQI) of different sources     of water 

Table 2. Descriptive statistics of WQI values by season

Season Mean Mini-
mum

Maxi-
mum Range Standard 

Deviation
Sum-
mer 85.65 62.22 104.22 42.00 14.68

Winter 89.17 60.34 161.20 100.86 28.63

Rainy 91.68 64.85 130.35 65.50 18.96

The table 1 highlights the water quality index of seasonal vari-
ations for various water quality parameters across different 
water sources in the study area. Among surface water sources, 
Chakpi River and Maha River showed higher values of WQI 
during the winter season (161.20 and 82.09, respectively) com-
pared to the summer and rainy seasons by indicating possible 
accumulation of pollutants or seasonal flow variations. The 
Machi River highlighted the highest concentration in the rainy 
season (107.48), suggesting surface runoff from surrounding 
areas contributes to elevated levels.

Groundwater sources such as hand pumps, tube wells and 
wells indicated comparatively lower concentrations across all 
seasons, with the tube well recording the lowest values (63.66 
in summer, 60.34 in winter and 69.23 in rainy season) which 
indicated better quality and less susceptibility to surface con-
tamination. Pond water exhibited significant variation, peak-
ing in the rainy season (130.35) and likely due to rainwater 
accumulation and runoff effects. Spring and tap water showed 
moderate and relatively stable values across seasons, suggest-
ing consistent natural filtration and water treatment practices.

Overall, surface water sources, particularly rivers and ponds, 
exhibited higher seasonal fluctuations compared to ground-
water sources, emphasizing the need for regular monitoring 
during high-flow seasons to prevent water-borne health risks. 
These results align with previous findings indicating that sur-
face runoff and seasonal changes strongly influence water 
quality (Kumar et al., 2019; Singh & Devi, 2021).

The Fig. 1 illustrates seasonal variations in water quality index 
(WQI) across different sources. Chakpi River shows the high-
est WQI value in winter while pond water peaks in the rainy 
season, demonstrating seasonal influences on surface water 
quality. Groundwater sources like tube wells and wells remain 
relatively stable and low across all seasons which suggest bet-
ter water quality and minimal seasonal impact.

In contrast, surface water sources such as the Chakpi River 
and ponds experienced substantial seasonal degradation. The 
most extreme case was the Chakpi River during winter, which 
reached WQI of 161.20, placing it well beyond the “unsuit-
able for drinking” threshold (>100) as defined by Brown et al. 
(1972). This contamination is likely associated with the dry 
season’s reduced flow rates, which diminish the river’s natural 
self-purification processes, leading to increased concentration 
of pollutants from both domestic and agricultural discharges 
(Trivedy & Goel, 1986; APHA, 1998). Similarly, pond water 
quality suffered the greatest deterioration in the rainy season 
(WQI = 130.35). This is consistent with monsoon-driven run-
off processes that transport sediments, organic debris, fertiliz-

Table 3. Comparative analysis of WQI by season and water source type

Source Type Summer (Mean 
WQI)

Winter (Mean 
WQI)

Rainy (Mean 
WQI) Seasonal Trend & Observation

Surface water -Rivers 
(Chakpi, Machi, Maha) 99.98 109.27 107.68

Very high WQI across seasons; winter peak 
due to Chakpi River spike; rainy season con-

tamination from runoff.

Surface water -Pond 99.09 89.49 130.35
Stable in summer/winter but sharp rainy sea-
son deterioration; runoff and stagnant water 

effects likely.

Springs 89.77 94.49 69.30 Poor in summer/winter but improved in rainy 
season, possibly due to dilution from rainfall.

Tap water 86.38 90.55 89.05
Consistently “very poor”; indicates systemic 

distribution contamination rather than season-
al effect.

Groundwater -Hand 
pump 72.69 76.21 81.35 “Poor” to “very poor” range; deterioration in 

rainy season suggests infiltration issues.

Groundwater -Tube well 63.66 60.34 69.23 Best quality among all; seasonal variation 
minimal, remains in “poor” category.

Groundwater -Well 62.22 67.83 64.85 Stable across seasons; stays at lower end of 
“poor” category.
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ers, pesticides, and microbial contaminants directly into these 
stagnant systems, thereby elevating turbidity, nutrient concen-
trations, and pathogen loads (Tyagi et al., 2013).

Other rivers showed a comparable vulnerability to seasonal 
influences. The Machi River exhibited persistently high WQI 
values, ranging from 84.53 in winter to 107.48 during the 
rainy season, indicating chronic contamination, likely linked 
to upstream anthropogenic pressures such as settlement dis-
charges, small-scale industries, and deforestation. The Maha 
River displayed a similar pattern by recording poorest quality 
in the rainy season (108.28), again reflecting the influence of 
storm water-driven erosion and contaminant transport from 
surrounding catchments.

Springs, revealed an unexpected seasonal trend often perceived 
as unpolluted. WQI was highest (poorest quality) in winter 
at 94.49, while the best seasonal value occurred in the rainy 
season at 69.30. This improvement during monsoon months 
may be attributed to dilution effects from enhanced recharge, 
temporarily lowering the concentration of dissolved solids and 
pollutants. However, spring water remained within the “poor” 
to “very poor” classification, underscoring its susceptibility to 
microbial and chemical contamination, especially during peri-
ods of reduced flow.

Tap water, surprisingly, did not outperform untreated natural 
sources in many cases. Across all seasons, it consistently fell 
within the “very poor” range (86.38 in summer, 90.55 in winter 
and 89.05 in the rainy season). This points to systemic issues 
in rural piped water systems, such as contamination during 
collection, intermittent supply leading to negative pressure in-
gress, and insufficient chlorination at distribution points.

Hand pump water quality also hovered in the “poor” to “very 
poor” range 72.69 in summer, 76.21 in winter and 81.35 during 
the rainy season. The slight seasonal decline in quality during 
the rainy and winter months could be related to shallow aquifer 
contamination from nearby sanitation systems or agricultural 
runoff infiltration.

When grouped by source type, a striking contrast emerged. 
Surface water bodies of rivers and ponds were recorded the 
highest mean WQI values, with rivers averaging 99.98 in 
summer, 109.27 in winter and 107.68 during the rainy season. 
Ponds, though not included in grouped river averages, paral-
leled this trend with seasonally high deterioration. In compar-
ison, groundwater sources maintained lower mean WQI val-
ues but still did not meet the “good” water quality benchmark 
(<50). Tube wells averaged between 60.34 and 69.23 and wells 
between 62.22 and 67.83, categorizing them as “poor” but no-
tably better than most surface waters.

The seasonal variations clearly reflect the hydrological and 
land-use dynamics of the district. The monsoon introduces a 
strong dilution effect for certain sources like springs but si-
multaneously causes sharp declines in others, especially open 
surface waters, due to the influx of sediment-bound nutrients, 
organic matter, and microbial contaminants (Cude, 2001). 
Winter, conversely, emerges as a period of concern for major 
rivers such as the Chakpi, where stagnant flow conditions mag-
nify pollutant concentrations. These findings align with studies 
from other hilly districts in Northeast India, where steep to-
pography, intensive monsoon rains, and inadequate catchment 

management create cyclical deterioration patterns in both sur-
face and groundwater quality (Bongaarts, 1998; Tyagi et al., 
2013).

The Water Quality Index (WQI) analysis across seasons and 
water source types reveals distinct temporal and spatial vari-
ations. Table 4.2 indicates descriptive statistics that the mean 
WQI is highest during the rainy season (91.68), followed by 
winter (89.17) and summer (85.65), suggesting overall im-
proved water quality in the rainy season, likely due to dilution 
from rainfall (Kumar et al., 2021; Hammoumi et al., 2024). 
Winter shows the widest range (100.86) and highest standard 
deviation (28.63), indicating substantial variability and poten-
tial vulnerability in water quality during this season, where-
as summer exhibits the narrowest range (42.00) and lowest 
standard deviation (14.68), reflecting more stable conditions 
(Singh et al., 2021).

Table 4.3 highlights the comparative analysis by water source 
significant differences among surface water, tap water and 
groundwater. Rivers (Chakpi, Machi and Maha) consistently 
show very high WQI values across seasons, peaks in winter 
(109.27) due to a spike in the Chakpi River, while the rainy 
season shows slight deterioration from runoff contamination 
(Kumar et al., 2021; Singh & Devi, 2018). Ponds maintain 
stable WQI in summer and winter but experience sharp dete-
rioration in the rainy season (130.35), likely due to stagnant 
water and surface runoff accumulation (Hammoumi et al., 
2024). Springs have moderate WQI in summer and winter 
scores 89.77 to 94.49 but show improvement in the rainy sea-
son (69.30), possibly because of rainfall dilution (Kushwaha 
et al., 2021).

Tap water consistently falls in the “very poor” category rang-
ing from 86.38 to 90.55 across all seasons, indicating systemic 
contamination in the distribution network rather than season-
al effects (Singh et al., 2021). Groundwater sources general-
ly exhibit lower WQI values. Hand pumps show poor quali-
ty, slightly worsening in the rainy season (81.35), suggesting 
infiltration of contaminants (Hammoumi et al., 2024). Tube 
wells present the best groundwater quality (63.66–69.23) with 
minimal seasonal variation, remaining in the “poor” catego-
ry, while wells show stable but consistently low WQI ranging 
from 62.22 to 67.83 (Kumar et al., 2021; Singh & Devi, 2018).

Overall, the findings suggest that surface water is highly sensi-
tive to seasonal changes, especially runoff during the rainy sea-
son, whereas groundwater remains relatively stable but gener-
ally of lower quality. Winter season presents higher variability 
in water quality, emphasizing the need for targeted monitoring 
during this period. These results are consistent with previous 
studies reporting that surface water is more prone to seasonal 
contamination, whereas groundwater is comparatively protect-
ed but vulnerable to infiltration and distribution issues (Kumar 
et al., 2021; Singh & Devi, 2018; Hammoumi et al., 2024; 
Singh et al., 2021; Kushwaha et al., 2021).

The results underscore the urgent need for source-specific in-
terventions from a water resource management perspective. 
Regarding rivers and ponds, catchment protection through 
vegetation buffers, erosion control and regulation of direct 
waste discharge could mitigate seasonal contamination peaks. 
In case of springs, protective fencing around recharge areas 
and regular monitoring during dry seasons could safeguard 
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against microbial risks. Rural piped systems supplying tap 
water require infrastructural upgrades, including continuous 
supply mechanisms, improved chlorination, and elimination 
of open storage. Groundwater sources, while relatively better, 
should be safeguarded through sanitary protection, periodic 
testing and control of nearby waste disposal practices.

CONCLUSION
The comparison of eight water source types across three sea-
sons accentuated a clear picture of Chandel’s drinking water 
challenge. Surface waters particularly rivers and ponds often 
slip into the “unsuitable” category during the monsoon, when 
heavy rains wash sediments, waste and contaminants directly 
into these sources. Groundwater, while not unsisturbed, gener-
ally falls into the “poor” category and offers a relatively safer 
option. Unfortunately, tap and spring supplies remain in the 
“very poor” range year-round indicating chronic contamina-
tion and insufficient treatment.

It is ensured that safe rural drinking water will require a two-
pronged approach of continuous monitoring to detect prob-
lems early and targeted interventions to fix them. Practical 
measures include chlorination or UV disinfection, control of 
turbidity and better protection of catchment areas from waste 
and runoff. This kind of integrated approach could serve as a 
actionable outlined for district-level water safety planning and 
other parts of Northeast India.

The outcome of the findings also suggests actionable priorities 
for future action:

1.	 Winter river treatment- Implementation of measure-
ment to counter the build-up of pollutants during low-
flow periods, when self-purification is reduced.

2.	 Monsoon pond protection - Employing runoff diversion 
channels, silt traps and vegetative buffer strips to re-
duce the influx of contaminants during heavy rains.

3.	 Spring monitoring - Monitoring seasonal microbial 
changes and take timely action to safeguard water qual-
ity.

4.	 Groundwater protection – Strengthening the sanitation 
and seal well outlets to prevent seepage from nearby 
waste sources.

Henceforth, the Water Quality Index (WQI) analysis makes it 
clear that an oversimplified method will not work here. Chan-
del needs seasonal specific water quality management that 
blends preventive strategies with corrective interventions, en-
suring communities have safe water throughout the year with-
out overburdening limited local resources.
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