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Abstract

Around 75% of the population of Bangladesh depends on groundwater for drinking and irrigation purposes. As
a result, groundwater contamination is a serious concern. This study aims to thoroughly evaluate groundwater
vulnerability and develop a map highlighting vulnerable zones for the northwestern Barind areas, which include
Rajshahi, Natore, Naogaon, and Chapai Nawabganj districts. In this study, DRASTIC index method is used to
assess the groundwater vulnerability by considering seven key parameters: depth to water table, net recharge,
aquifer media, soil media, topography, impact of the vadose zone, and hydraulic conductivity where the relevant
data for each DRASTIC parameter are collected from different sources, and the groundwater vulnerability map
is generated by using ArcGIS. The findings show that 48% of the total study area (9,395 sq. km) falls under the
highly vulnerable zone, while the low vulnerable zone covers only 8%. The remaining 44% of the study area is
classified as moderately vulnerable to groundwater contamination. Most upazilas in Naogaon and Natore districts
fall within the highly vulnerable zone, while the majority of upazilas in Rajshahi and Chapai Nawabganj districts
lie in the moderately vulnerable zone. However, Niamatpur in Naogaon and Nachol in Chapai Nawabganj are
classified as low vulnerable zones. These findings emphasize the need for immediate and effective groundwater
management strategies, especially in highly vulnerable areas. It is also recommended that proper care should be
taken in managing industrial waste and applying pesticides on agricultural land, as pollutants can easily
contaminate highly vulnerable zones.
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1 Introduction

Over the past decades, water shortage and contamination have turned out to be a significant problem on a global
scale. Shallow aquifer systems have been severely degraded owing to the combination of geological processes as
well as anthropogenic factors (Ruidas et al., 2024). Almost 99% of the world's supply of fresh water is
groundwater, and it is the easiest source of freshwater accessible reservoir on our planet (Lallet al., 2020).
Groundwater monitoring at the regional level is both time-consuming and expensive. However, identifying
vulnerable zones can be beneficial to prioritize and direct limited resources toward areas with the highest risk.
Groundwater vulnerability can be intrinsic and specific, depending on the factors affecting the aquifer
susceptibility (Aneeshet al., 2022; Dekaet al., 2025).

Groundwater vulnerability is a key concept in hydrogeology that defines the extent to which groundwater resources
are at risk of contamination and depletion, depending on various environmental conditions (Raisa et al., 2024).
There are various sorts of vulnerability assessment methodologies that are utilized depending on the situation of
the place. Among these models, DRASTIC is the most used and popular one. The DRASTIC model is a widely
used method for assessing groundwater vulnerability due to its simplicity and data availability (Shirazi et al. 2013).

The Barind region is one of the most agriculturally significant areas in the country, resulting in the intensive use
of fertilizers to enhance crop productivity. As the majority of the population in this region depends on groundwater
to meet their daily water needs, any contamination of groundwater poses serious threats to public health and the
environment. Therefore, it is imperative to implement preventive measures to safeguard groundwater resources
from potential pollution. This study aims to delineate groundwater vulnerability zones within the northwestern
Barind Tract Aquifer using the GIS-based DRASTIC model. The vulnerability maps provide important
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information regarding the necessity for groundwater protection and pollution control, and also assist in identifying
the high, moderate, and low vulnerable zones in the study area.

2 Study Area

The present study is conducted in the northwestern Barind region of Bangladesh, encompassing 31 upazilas across
four districts: Rajshahi, Naogaon, Natore, and Chapai Nawabganj. The region under consideration is situated
within the latitudinal range of 24°07’ to 25°13’ North, and the longitudinal range of 87°55’ to 89°10' East (BRAC,
2024), covering a vast area of around 9395 square kilometers (Table 2). In comparison to other parts of the country,
this region receives significantly less rainfall, with an annual average rainfall of 1400 mm during the monsoon
season (June to September), which represents around 85% of the total annual rainfall (Bari et al., 2021). Based on
lithological data, the top surface and unsaturated zone of the study area primarily consist of clay. The low
permeability of Barind clay restricts infiltration, resulting in increased surface runoff. Despite this, the area is
generally well-drained due to the presence of the Padma River and several smaller rivers flowing through it. Under
normal rainfall conditions, flooding is uncommon; however, continuous heavy rainfall over several days can lead
to flash floods (IWM, 2006).

3 Methodology

This work develops a vulnerability map for groundwater pollution utilizing a geographic information system (GIS)
and the DRASTIC index model. The DRASTIC model (developed by the United States Environmental Protection
Agency (USEPA)) is one of the widely used GIS-based qualitative methods of groundwater vulnerability
assessment (Patel et al. 2022). DRASTIC Index includes seven different parameters, which are Depth to water
(D), net Recharge (R), Aquifer media (A), Soil media (S), Topography (T), Impact of vadose zone (1), and
hydraulic Conductivity (C). The DRASTIC method involves calculating the vulnerability index by multiplying the
ratings of each parameter by its respective weightings. The DRASTIC index (DI) is determined by solving the
equation (1) (Aller et al., 1987):

DI =Dg XDy + Ry X Ry + Ag X Ay + Sg X Sy + Ta X Ty + Iz X Iy + Cg X Cyy 1)

In the above equation (1), the subscript R indicates rating, and W is the weightage given to each parameter. The
DRASTIC model includes three significant parts: weights, ranges, and ratings, which are shown in Table 1 for this
study. Weighting is the measurement of how much influence is played by any parameter in groundwater
contamination. Weights are universally fixed, where ratings vary based on the study area's hydrogeological
conditions (Aller et al., 1987; Gupta et al., 2014). Ratings are given to each of the seven parameters; each is
classified on the scale of 1-10 (Table 1). As shown in Table 1, aquifer, soil, and vadose zone media have been
classified into several categories, while others have been divided into various numerical ranges. The ratings are
established with the help of knowledge of the hydrogeological and geological concepts of the study area (Nahin et
al., 2020).

The raw data are processed and standardized according to the requirements of the DRASTIC model for subsequent
analysis. Groundwater depth data for all upazilas within the selected districts were collected from the Barind
Multipurpose Development Authority (BMDA, 2024). Borehole lithological data obtained from the Institute of
Water Modelling (IWM) is used to determine the types of aquifers and the vadose zone's properties. Groundwater
recharge rate and hydraulic conductivity data were also sourced from various technical reports published by IWM
(IWM, 2006; IWM, 2012; IWM, 2023). Topographic information is collected from the slope percentage of the
study area available in IWM. Additionally, the soil type is determined using the soil association map developed
by the Soil Resource Development Institute (SRDI). Finally, the ratings for different parameters of DRASTIC
index method are established based on Table 1, and the total DRASTIC Index value for each upazila is determined
using Equation 1.

Table 1. Ratings and Weightage of the seven DRASTIC parameters (Aller et al., 1987)
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3.1 Depth to Water Table

Depth to groundwater table is defined as the vertical distance from the ground surface to the water surface in an
aquifer (Abduljaleel et al., 2024). The depth to the water table, assigned the highest weight of 5, is identified as
the most influential factor in assessing groundwater vulnerability. According to Table 1, 22 upazilas exhibit low
water table depths with high vulnerability ratings ranging from 8 to 10. The remaining 8 upazilas fall under the
rating of 4 to 7, and only Nachol has the deepest groundwater level at 32.7 m, which receives the lowest rating of
1.

3.2 Net Recharge

The net recharge parameter represents the total volume of surface water, originating from both precipitation and
artificial sources, per unit area of the study area (Aller et al., 1987).Net groundwater recharge is the second most
influential parameter in the DRASTIC model. Upazilas with a high recharge rating include Baraigram,
Gurudaspur, Singra, Natore Sadar, Naogaon Sadar, Atrai, Badalgachhi, Raninagar, Manda, and VVolahat. Among
these, Singra shows the highest rating of 8, indicating a very high recharge potential.

3.3 Aquifer Media

Aquifer media is a term used to describe the lithology or geologic composition of the aquifer. Aquifer media,
assigned a moderate weight of 3 in the DRASTIC model. Upazilas characterized by coarse sand or a mixture of
coarse and medium sand are more susceptible to contamination due to the higher permeability of these aquifer
materials. A significant number of upazilas, approximately 19 across the study area, are characterized by aquifer
materials that increase groundwater vulnerability. In contrast, upazilas underlain by less permeable materials such
as medium sand or very fine sand exhibit reduced vulnerability. Notably, Nawabganj Sadar and Nachol have the
lowest aquifer media rating of 3, indicating a lower risk of contamination.

3.4 Soil Media

Soil media is defined as the soil that is present in the uppermost part of the ground. The top, weathered portion of
the unsaturated zone with substantial biological activity is represented by the soil media (Aller et al., 1987). The
soil media parameter is assigned a weight of 2, indicating a relatively low influence on groundwater vulnerability.
Among the 31 upazilas in the study area, two upazilas—Nawabganj Sadar and Shibganj in Chapai Nawabgan]
district—received a high rating due to the presence of fine sand. In contrast, 15 upazilas indicate a minimal
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influence on groundwater vulnerability due to the presence of low-permeability soils like heavy clay and clay. The
remaining 14 upazilas have moderate ratings due to the presence of silty soil.

3.5 Topography

In the DRASTIC model, the topography parameter is assigned the lowest weight of 1, making it the least influential
factor in groundwater vulnerability assessment. Although all upazilas in the study area received the highest
possible rating of 10 for this parameter, its low weighting significantly reduces its impact on the overall DRASTIC
index.

3.6 Vadose Zone

The unsaturated zone that extends from the soil surface to the groundwater table is termed as vadose zone
(Abduljaleel et al., 2024). The impact of the vadose zone is recognized as one of the most influential parameters
in evaluating groundwater vulnerability, as it is assigned a high weight of 5. Within the study area, Nawabganj
Sadar in Chapai Nawabganj district is the only upazila where the vadose zone consists of very fine sand, earning
a moderate rating of 5. In contrast, all other upazilas have vadose zones composed of low-permeability materials
such as clay and plastic clay, with ratings ranging from 1 to 2.

3.7 Hydraulic conductivity

Hydraulic conductivity (K) is the rate in which water (and hence pollutants) can travel through the aquifer (Aller
et al., 1987). This parameter is assigned a moderate weight of 3. Upazilas such as Bagatipara and Lalpur in Natore
district, along with Atrai and Sapahar in Naogaon district relatively high hydraulic conductivity values. In contrast,
upazilas such as Mohadevpur, Nachol, and Gomostapur have low conductivity values. The other upazilas reflecting
a moderate rating.

4 Results and Discussions

The DRASTIC index values obtained for the study area ranged from 60 to 143 (Table 2). Based on this range, the
vulnerability zones are categorized into three classes. This classification is done by using the quartile classification
scheme, where the obtained total DRASTIC Index value range is divided into three equal parts and characterized
as low, moderate, and high vulnerable zone (Adhikary et al., 2013). The total DRASTIC index value of a particular
area between 60 and 87 represents a low vulnerability zone, 88 to 115 represents a moderate vulnerability zone,
and 116 to 143 represents a high vulnerability zone (Table 2).

Table 2. Classification and description of the DRASTIC Index value (Adhikary et al., 2013)

DI value Vulnerable Zone Area (Sg. Km) Area (%) Total Area (Sg. Km)
60-87 Low Vulnerable Zone 4487 48
88-115 Moderate VVulnerable Zone 4179 44 9395
116-143 High Vulnerable Zone 729 8

The study area is presented as three types of vulnerable zones in Figure 1 by using ArcGIS software. The eastern
and southeast regions of the research area, which include a significant portion of Natore district (Lalpur,
Baraigram, Gurudashpur, and Singra), the southern part of Rajshahi district (Durgapur, Paba, Puthia, and Bagha),
the eastern part of Naogaon district (Naogaon Sadar, Dhamoirhat, Atrai, Badalgachhi, Raninagar and Manda), and
Shibganj upazila of Chapai Nawabganj district, are mainly classified as high susceptibility to contamination as
shown in Figure 1. Because the total DI values of these regions are within the range of 116 to 143. Figure 1 also
shows that moderately vulnerable zones dominate the central and northern part of the study areas, including
upazilas (Bagatipara, Natore Sadar, Mohadevpur, Patnitala, Porsha, Sapahar, Godagari, Charghat, Tanore,
Baghmara, Mohanpur, Nawabganj Sadar, Volahat and Gomostapur) for having the total DI value within the range
of 88-115. Notably, only two upazilas (Nachol and Niamatpur) fall within the low vulnerable category for having
the lowest DI values of 60 and 85.

The total area and the areas under different vulnerable categories are calculated in ArcGIS software from Figure
1. According to the result shown in Table 2, 48% of the total study area (9,395 sq. km) falls within the highly
vulnerable zone, while 44% is classified as moderately vulnerable and only 8% as low vulnerable (Table 2).
According to the assessment, a significant portion of the Barind region has shallow groundwater tables, which is
the main reason for groundwater being vulnerable to contamination.
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Figure 1. Vulnerable zones of the study area

5 Conclusions

The findings of this study lead to the following conclusions:

e  This study concludes that a significant portion of the study area is highly susceptible to contamination due to
the shallow groundwater level.

e The study shows that 48% area is highly vulnerable, 44% area is moderately vulnerable, and the remaining
8% area is low vulnerable to groundwater pollution.

e The groundwater vulnerable map of the North-Western Barind region of Bangladesh indicates that highly
vulnerable areas are mainly the northeast and southeast parts of the studied area. The northern part and the
middle of the southern part are moderately vulnerable.

e Only two upazilas within the study area—Nachol in Chapai Nawabganj district and Niamatpur in Naogaon
district fall under the low vulnerability zone.
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