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Abstract

Rural communities in Niamatpur, Naogaon, depend on shallow aquifers that are increasingly stressed by rising
temperatures, erratic rainfall, and declining water tables. This study evaluates seasonal fluctuations in
groundwater quality and documents local adaptation measures to climate-induced water scarcity. Five water
quality parameters (pH, total dissolved solids (TDS), salinity, electrical conductivity, and temperature) were
measured at tube wells (85-170 ft depth) over dry and monsoon seasons using a multiparameter analyzer. A
structured household survey assessed water availability, source characteristics, hygiene behaviors, perceived
health impacts, and coping strategies. pH ranged from 6.05 to 6.73, average TDS was 200 ppm, salinity averaged
0.02 %, conductivity peaked at 590 umho/cm, and temperature averaged 29.9 °C. During the dry season, 42.9 %
of wells ran dry, whereas only 50 % supplied water year-round. TDS and conductivity were significantly higher
(p < 0.05) in shallower wells (< 120 ft). Although 71.4 % of households owned private sources, 64.3 % of toilets
lay within 10 m of wells, raising contamination concerns. Only 14.3 % reported reducing consumption to cope
with scarcity; 92.9 % practiced crop rotation, and 57.1 % considered changing livelihoods. Institutional support
was minimal (71.4 % received no government aid). Seasonal water shortages and degraded groundwater quality
pose dual threats to health and livelihoods in rural Niamatpur. Enhanced monitoring of key physicochemical
parameters, deeper drilling guidelines, and sanitation-safe siting of wells are urgently needed. Strengthening
local governance, promoting rainwater harvesting, and integrating climate-smart agricultural practices can
bolster community-driven water security under changing climatic conditions.

Keywords: Groundwater quality; Water scarcity; Climate change adaptation; Rural Bangladesh; Naogaon;
Water security.

1 Introduction

Groundwater serves as the primary source of drinking and irrigation water for rural populations in Bangladesh,
particularly within the Barind region where surface water is scarce and shallow aquifers are heavily relied upon
(Haque, 2018; Islam et al., 2023). However, climate change—driven shifts in rainfall patterns, rising temperatures,
and intensified extraction have led to declining groundwater tables and increased salinity stress, undermining
water security in communities like Niamatpur, Naogaon (Rakib et al., 2019; Islam et al., 2025). Seasonal water
deficits not only constrain domestic supply but also threaten agricultural livelihoods, compelling households to
adopt coping mechanisms that may further degrade water quality and public health.

Beyond quantity concerns, groundwater quality in Bangladesh exhibits spatial and temporal heterogeneity driven
by both natural geochemistry and anthropogenic inputs. Elevated levels of dissolved salts, arsenic, iron, and
manganese are frequently reported across diverse hydrogeological settings from coastal Khulna’s brackish
aquifers to Barind tract wells posing risks of hypertension, dermatological disorders, and gastrointestinal diseases
(Shammi et al., 2016; Benneyworth et al., 2016; Didar-Ul Islam et al., 2017). Water Quality Index studies reveal
that only one-third of rural sites consistently achieve “good” quality status, with the remainder falling into “poor”
or “marginal” categories, often exacerbated by seasonal concentration effects during the dry period (Akter et al.,
2016; Uddin et al., 2023; Swarnokar et al., 2019).

Communities confronted with these dual challenges of quantity and quality deploy a range of informal adaptation
strategies, including rainwater harvesting, shifting crop cycles, and reducing per-capita water use, yet the
effectiveness and equity of such measures remain poorly quantified (Anik et al., 2023; Hossain et al., 2025).
Moreover, few studies have paired systematic hydrochemical monitoring with household-level surveys to capture
the interplay between groundwater dynamics and local coping behaviors under a changing climate.

This knowledge gap is particularly apparent for Niamatpur Upazila, where existing research has not fully
characterized the seasonal fluctuations of key water quality parameters pH, total dissolved solids (TDS), salinity,
conductivity, and temperature nor how rural households perceive and respond to emerging water stress. Such

2768


mailto:sumaya@ce.ruet.ac.bd
mailto:monisharoy104@gmail.com

T. Barmon, S. Tabassum, N. Rahman & M. R. Dola
ICCEI 2025

insights are critical for designing targeted interventions that safeguard both water safety and community
resilience.

Accordingly, this study combines portable multi-parameter field measurements with structured interviews to (1)
delineate seasonal groundwater quality variations across rural Niamatpur, and (2) document household water use
patterns, perceived health impacts, and adaptation strategies. By integrating hydrochemical data with
socio-behavioral evidence, we aim to inform integrated water resource management policies and
climate-adaptive planning for vulnerable rural populations.

2 Methodology

This study employed a mixed-method, cross-sectional design combining seasonal groundwater quality
assessment with a community survey to examine water security in rural Niamatpur. Data collection was done in
two campaigns: late dry season (March—April 2025) and late wet season (January-February 2025). Sampling
Design was stratification by Village, 30 % of wells per village, chosen via systematic random sampling, n=14
(All functional tube wells (<120 ft)). The Household Survey was conducted with a sample size 40, distributed
proportionally across villages. The household respondents were sampled from users of the measured wells.
Temperature, pH, electrical conductivity (EC), and total dissolved solids (TDS) were measured using a portable
multiparameter probe (Multi-Functional Water Quality Tester). Probe calibration and QA/QC were performed as
follows: pH calibrated with pH 4.01, 7.00, and 10.01 buffer solutions before each field day; accuracy +0.05 pH
units; resolution 0.01. EC / TDS calibrated using a standard 1413 puS/cm solution daily; EC measurement range
0-2000 pS/cm; resolution 1 pS/cm; accuracy +1-2% of reading. TDS was derived from EC using instrument
conversion or measured directly as configured on the device. Temperature probe calibrated in an ice bath and
verified at ambient reference (accuracy 0.2 °C; resolution 0.1 °C). Salinity measured/derived according to
instrument method; detection limit and measurement range documented per manufacturer.

Field blanks and replicate measurements were taken at 10% of sites to check repeatability; results were inspected
for outliers. All field results reported with their sample count (n) and measurement uncertainty. Water table depth
recorded from the information of the water source owner. Demographics and water-use practices, Seasonal
coping strategies and health outcomes, Distance from toilet to water point, presence of protective casing, and
visible contamination were found from surveying, and Microsoft Excel was used for data analysis. Informed
consent was obtained from all participants, and individual wells were coded to protect privacy.

3 Result and Discussion
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profitable crops like seasonal fruits (Mango)
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g) Infrastructure for a storage
practice

i) Motorized deep tube well j) Domestic water is kept stored when the water source
fails to extract water on summer days

k) The storage tanks are not cleaned reglrl the resence of bacteria was common.
Figure 1. Condition of water sources in the study area.
Figure 1 comes up with the scenario of water use practices; other findings are reflected in Tables 1 and 2.

Table 1. Water Quality Parameters

Parameter Range (n=14) Meanz SD Average Interpretation
Depth of drinking 85170 ft 1275+ 1275 ft ng_hly variable depths indicate a heterogeneous
water source 24.3 aquifer.
pH 6.05-6.73 ggg + 6.39 S::S:élsy acidic to near neutral, within acceptable
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Parameter Range (n=14) Meanz SD Average Interpretation

Electrical 120 to 590 345 + 140 . . N
o — Indicates moderate mineralization of groundwater.

conductivity pS/cm
Salinity 0.005-0.04% 002 0029  Lowsalinity, within safe limits for drinking.
Total dissolved i 200+ 90 TDS values suggest generally acceptable water
solids (TDS) 80- 380 ppm 200 ppm quality.
Temperature 97 1- 325 °C 299+16 29.9 °C ;I;]yspd(r:T?ranTblent temperature, moderately elevated

Safe limit of pH is 6.5 to 8.5 for drinking-water (WHO desirable range; same range used in Bangladesh
guidance). For Total dissolved solids (TDS), WHO has no health-based guideline value; WHO discusses
palatability with TDS < 300 mg/L generally desirable, up to 600 mg/L acceptable for taste; national standards
commonly use 1000 mg/L as an upper acceptability limit in regulatory tables and comparisons. Electrical
conductivity (EC) has no WHO health-based guideline; EC is used as a proxy for dissolved salts and is
interpreted relative to TDS (approximate conversion factor EC (uS/cm) approximately 0.55-0.75 x TDS (mg/L)
depending on ionic composition). National guidance documents report EC method and use EC thresholds
corresponding to TDS limits rather than a standalone WHO limit. Salinity (expressed as % or total dissolved
salts/Cl) has no WHO health-based guideline for ; Bangladesh guidance and regional standards address chloride
and electrical salinity for palatability and agricultural suitability (taste/discomfort and crop tolerance), with
chloride/related salt thresholds shown in national tables (for example, chloride benchmarks 150-600 mg/L
appear in national parameter tables used for comparison).

In the surveyed water sources, pH values fall slightly below the desirable lower bound commonly used in
drinking-water guidance (pH 6.5-8.5). Mean TDS (200 mg/L) and EC remain below commonly applied
guideline thresholds for palatability and health (TDS < 500 mg/L; EC < 1500 pS/cm), but localized elevated
EC/TDS in shallow wells indicate potential salinization or concentration during dry periods.

Table 2. Community Water Use, Safety, and Adaptation Parameters

Parameter Response Percentage (%0) Interpretation
Year-round water Half of sources supply water year-round;
s Yes 50.0
availability the rest face seasonal shortages.
Sometimes 7.1
Not in summer 42.9
Pr|0( testing of water Never 100.0 No respondents h_ad ever tested their
quality water for contaminants.
Over half of wells are sited too close to
Source-to-toilet distance  <10m 64.3 unlined sanitary facilities, risking
contamination.
Daily drinking-water 3 jars 214 Reflects modest per-capita drinking

consumption (jars) requirements.
Daily domestic-water usage 5 buckets 357 Wld_e variation suggests dlffgrences in
(buckets) family size and storage practices.

Majority have private tube wells; a

Type of water source Personal (household) 71.4 T -
minority share community sources.

Community/shared  28.6

Proximity of source to Most sources are conveniently located

In-house compound 71.4

house within living areas.
Over half report no recent illnesses;
Recent water-borne illness No 64.3 however, 35.7 % did report water-borne
diseases.
Satisfaction with water . General satisfaction is moderate; low and
Medium 85.7 .
supply high extremes are rare.
High 7.1
Low 7.1
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Parameter Response Percentage (%) Interpretation
. - Nearly all are uncertain about
Perceived profitability of . o 92.9 agriculture’s profitability; few see it as
agriculture .
clearly profitable.
Yes 7.1
Government support for Most receive no formal aid to cope with
. o No 714
climate mitigation water stress.
Maybe 28.6
. . . Universally felt heat stress; some (15.4
Perception of climate Excessive - L
- 100.0 %) also cite water deficiency and low
change impacts temperature

rainfall.

Alternate drinking-water ~ Other community 50.0 Half shift to ponds or neighbor’s wells;
sources when dry sources ' others use varied local sources.

Coping strategies for Crop rotation is the predominant
climate-driven water stress adaptation strategy.

Over half consider changing livelihood to
reduce water dependence.

A minority reduce personal consumption
during shortages.

Crop alternation 92.9
Alter profession 57.1

Consume less water 14.3

4 Conclusions

Seasonal fluctuations in groundwater availability and quality in rural Niamotpur reveal a precarious balance
between community needs and ecosystem capacity. Shallow aquifers (<120 ft) exhibit elevated TDS, salinity,
and conductivity during dry months, while nearly half of tube wells cease to yield water when demand peaks.
Proximity of toilets to wells further exacerbates contamination risks. Despite high ownership of private water
sources, households’ resort to desperate coping strategies reducing consumption, diversifying crops, and
considering alternative livelihoods primarily in the absence of institutional support.

The small sample size and partial seasonal coverage, these hydrochemical results are preliminary and should be
used to guide an expanded monitoring program. The household survey reveals widespread reliance on private
tube wells and diverse adaptation strategies including crop rotation and livelihood shifts. To safeguard public
health and water security, an integrated response is essential. Routine monitoring of key physicochemical
parameters should guide evidence-based drilling depths and well siting away from sanitation hazards.
Investments in rainwater harvesting and managed aquifer recharge can buffer against seasonal deficits, while
promotion of climate-smart agriculture will reduce water stress on critical growing seasons. Crucially,
government agencies and non-governmental organizations must collaborate with local communities to build
governance mechanisms, subsidize deeper borehole construction, and deliver hygiene and water-safety
education. Only through coordinated, multi-sectoral action can rural Niamotpur transition toward resilient,
sustainable water management in the face of intensifying climatic pressures.
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