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ABSTRACT

Groundwater quality assessment is crucial for sustainable water resource management,
particularly in coastal regions where salinity intrusion and anthropogenic activities often
compromise water suitability. This study evaluates the groundwater quality and hydro chemical
facies along with multivariate statistical and geospatial analysis in the Patharpratima block of
South 24-Parganas, West Bengal, India - a region vulnerable to geogenic and anthropogenic
contamination. A total of 20 groundwater samples were collected from shallow and deep tubewells
and analyzed for major physicochemical parameters. Hydro chemical facies were determined
using Piper diagrams and found to be Na-K-Cl-SO4 type. Gibbs plot indicated that evaporation,
rock-water interaction, etc. may regulate the chemistry of groundwater. WQI analysis showed that
85% of groundwater samples were unfit for drinking, largely due to high chloride, sodium, iron,
and TDS from geogenic sources and saltwater intrusion. ANN-based prediction and sensitivity
analysis indicated Fe, Na, EC, and TDS as the dominant factors influencing WQI.
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INTRODUCTION

Rising global population is intensifying freshwater
scarcity worldwide (Abedin et al., 2014; Joshi et al.,
2024). South 24-Parganas in southern West Bengal,
encompassing the Sundarbans delta, is charac-
terized by a complex network of rivers, estuaries,
and mangroves and faces various water-related
challenges like saltwater intrusion, limited fresh-
water availability, anthropogenic pressure, and
climate change impacts. The present study deals
with the assessment of groundwater quality and
hydrochemical characteristics in the Patharpratima
block of South 24-Parganas, West Bengal, along with
geospatial mapping, multivariate statistical analysis
and model-driven water quality prediction in order
to understand the key processes influencing
groundwater chemistry.

Study Area

This work focuses on the coastal block of

Patharpratima in South 24-Parganas, West Bengal,
covering 484.5 km² between 21°33’36”N–
22°18.1’44”N and 88°10’0.48”E–88°30’34”E (Fig. 1).
Frequent cyclones, tidal surges, saline intrusion, and
over-extraction of groundwater affect the region,
leading to water scarcity and reduced agricultural

Fig. 1. Map of the study area.
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productivity (De et al., 2023 and references therein).
GPS-based mapping of the study area was
conducted using ArcGIS 10.8.

MATERIALS AND METHODS

Twenty groundwater samples were collected from
shallow and deep tube wells (Table 1) using
stratified random sampling in March 2024. Standard
APHA (2017) protocols were followed for sampling,
preservation, and analysis. Field parameters (pH,
EC, TDS) were measured onsite, while major ions
were analysed in the laboratory using titrimetric,
gravimetric, spectrophotometric, and electrode-
based methods. Hydrochemical characterization
was carried out through Piper and Gibbs plots,
supported by Pearson’s correlation analysis.
Drinking suitability was evaluated using the Weight
Arithmetic Water Quality Index (WAWQI), which
classifies water into five quality categories
(Excellent: 0-25, Good: 26-50, Poor: 51-75, Very Poor:
76-100, Unsuitable for drinking purposes: >100)
(Brown et al., 1972). WQI was further predicted
using an ANN model trained with 80% of the
dataset (Scheme S1). The data were analysed by
ArcGIS 10.8, R, SPSS etc. softwares.

ANN modelling

ANNs are extensively applied to simulate complex
nonlinear processes in hydrogeology and water
resources. Herein, a multilayer feed-forward
perceptron (MLP) was used for modelling (Singha et
al., 2021; Al-Waeli et al., 2022 and references therein).

RESULTS AND DISCUSSION

Physicochemical characterization

In all water samples, pH values (7.6-8.1) were found
to lie in the slightly alkaline range (Table 2). Over
75% of samples exceeded WHO limits for TDS (1000
mg/l) and EC (1500 S/cm), while 95% had iron
levels above 0.3 mg/l. Nearly all samples showed
elevated Na+, Cl–, and Fe2+, suggesting seawater
intrusion and anthropogenic influence. Spatial
distribution maps (Fig. S1) showed higher EC and
TDS in coastal zones, with Fe2+ and Cl hotspots
which may be linked to saline aquifers and poor
drainage. The anion and cation concentrations are
found in the following order: HCO3

->Cl->CO3
2-

>SO4
2- >NO3

->F->PO4
3- and Na+>Ca2+>Mg2+>K+>Fe2+,

respectively.

Table 2. Selected cations, anions and other physicochemical parameters of groundwater samples.

Parameters Minimum Maximum Average Standard BIS (2012) WHO (2017)
deviation drinking drinking

water quality  water quality
Standards Standards

Temperature (°C) 27.2 28.9 27.9 0.5 - -
pH 7.6 8.1 7.8 0.1 6.5-8.5 -
EC(µS/cm) 1025.0 2540.0 1876.6 470.2 - 500-1500
TDS(mg/l) 863.0 1800.0 1324.8 324.1 500-2000 500-1000
Ca2+(mg/l) 17.1 78.8 44.9 12.9 75-200 75-200
Mg2+(mg/l) 6.5 85.0 35.5 18.6 30-100 30-150
Na+(mg/l) 208.2 924.6 582.8 225.6 - 200
K+(mg/l) 8.1 14.4 10.8 1.9 - 10-12
Fe2+ (mg/l) 0.3 3.0 0.8 0.7 0.3 0.3
Total Hardness(mg/l) 147.3 509.3 257.5 94.4 200-600 -
Cl-(mg/l) 435.5 1307.8 924.0 252.1 250-1000 250
CO3

2–(mg/l) 73.3 200.0 127.3 36.3 - -
HCO3

-(mg/l) 430.0 696.7 570.8 78.5 - 200-600
Total Alkalinity(mg/l) 560.0 836.7 698.2 89.4
SO4

2–(mg/l) 49.4 214.0 147.3 41.1 200-400 250-400
F-(mg/l) 0.3 0.8 0.5 0.1 1.5 1.5
NO3

-(mg/l) 0.3 2.2 0.8 0.5 45 50
PO4

3- (mg/l) 0.1 0.7 0.2 0.2 - -
Salinity(ppt) 0.6 1.5 1.1 0.3 - -
Eh(mV) 185.0 232.0 205.6 11.5 - -
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Hydrochemistry of groundwater

The Piper Diagram visually classifies and compares
the chemical composition of water samples from
different sources. It classified all twenty samples as
Na-K-Cl-SO4 type, dominated by strong acids and
alkali metals (Na+, K+) (Fig. 2a).

The Gibbs diagram is used to relate aquifer
lithology with groundwater chemistry. Here the plot
indicated that evaporation and rock-water
interaction are key processes controlling
groundwater chemistry (Fig. 2b).

Statistical Correlation

It was revealed from the Pearson’s study that strong
positive correlations were found between EC, TDS,
Na+, Cl–, and Salinity. pH and Fe²+ were also
positively associated. The Cl- and Na+ were also
positively correlated with each other (Fig. S2).

Water Quality Index (WQI)

The WQI values calculated for twenty groundwater

samples in the study area ranged from very poor
(75-100) to unsuitable (>100, five samples) classes.
Notably, nearly 85% of the samples were deemed
unfit for drinking (Fig. 3a). High WQI scores were
driven by sodium, chloride, iron, and TDS.

Salinity Hazards

The Fig. 3b illustrates that salinity hazards (low, C1,
<250 S/cm; medium, C2, 250-750 S/cm; high, C3,
750–2250 S/cm; and very high, C4, >2250 S/cm)
were widespread across the study area, with
extremely high salinity hazards concentrated in the
southern part.

ANN Modelling for Prediction of WQI

Physicochemical data from 20 sites were used for
ANN modelling (80% training, 20% testing). The
optimal network was identified by testing various
transfer functions and layer configurations, selecting
the model with the highest R² and lowest errors
(Relative Error, RMSE). Biases and weights were
updated, and model generalization validated on
separate datasets. A backpropagation algorithm was
applied to relate inputs to output, WQI (Table 4 and
Fig. S3).

Model performance (Table 3) showed low relative
errors, low RMSE and high R² values in both
training (WQI: 0.002, 0.027, 0.98) and testing (WQI:
0.149, 0.167, 0.91). These results confirm the

Fig. 2. (a) Piper diagram and, (b) Gibbs plot of groundwater samples.

Fig. 3. Spatial distribution maps of a) Salinity Hazard
and b) WQI

Table 3. The statistical results of the ANNs model.

Training Testing

Sum of Squares Error 0.012 0.112
Relative Error 0.002 0.149
RMSE 0.027 0.167
R2 0.98 0.91

Dependent Variable, WQI
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accuracy of the ANN, with eight hidden neurons
yielding minimal errors. Comparison plots (Fig. S4)
demonstrate strong agreement between measured
and predicted values, indicating that ANN models
can reliably estimate WQI from simple input

parameters.
The sensitivity analysis (Fig. 4) shows that Fe has

the greatest influence on WQI prediction in the
ANN model, followed by salinity, Na, EC, TDS, etc.

This deterioration of water quality may be due to
tidal inflow, irregular monsoonal recharge, saltwater
intrusion, and cyclonic events that disrupted
groundwater quality and recharge dynamics.

CONCLUSION

The present study reveals a concerning deterioration
in groundwater quality in the Patharpratima Block,
due to salinization, excess iron concentration,
frequent cyclonic disturbances, and increasing
anthropogenic pressures. Hydrochemical
assessments and Water Quality Index (WQI)
analyses indicate that most groundwater sources in
the region are unfit for drinking purposes. ANN and
sensitivity analysis confirmed Fe, Na, EC, and TDS
as key WQI factors. The combined impact of

Table 4. The network information for proposed ANN.

Input Layer Covariates 1 Temp(°C)
2 pH
3 EC(µS/cm)
4 TDS(mg/l)
5 Salinity(ppt)
6 Eh(mV)
7 TH(mg/l)
8 Ca2+(mg/l)
9 Mg2+(mg/l)
10 Na+(mg/l)
11 K+(mg/l)
12 Fe2+(mg/l)
13 CO3

2-(mg/l)
14 HCO3

-(mg/l)
15 TA (mg/l)
16 Cl-(mg/l)
17 F-(mg/l)
18 PO4

3-(mg/l)
19 NO3

-(mg/l)
20 SO4

2-(mg/l)
Number of Unitsa 20
Rescaling Method for Covariates Standardized

Hidden Layer(s) Number of Hidden Layers 1
Number of Units in Hidden Layer  1a 8
Activation Function Hyperbolic tangent

Output Layer Dependent Variables 1 WQI
Number of Units 1
Rescaling Method for Scale Dependents Standardized
Activation Function Identity
Error Function Sum of Squares

a. Excluding the bias unit

Fig. 4. Influence of input variables.
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geogenic processes, seawater intrusion, cyclones,
and insufficient regulatory frameworks exacerbates
the crisis, necessitating the urgent adoption of
integrated water resource management.
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