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 Abstract: Groundwater (GW) in shallow aquifer is a major source of drinking and 
irrigation water in Bangladesh. Contamination of GW resulting from inherent 
composition of aquifer material or from human activities reduces the supply of safe 
drinking water, posing a threat to public health and thereby posing a great challenge to 
water managers and policy makers. However, GW quality maps are helpful for 
identifying locations that involve the threat of contamination. The present study 
describes the application of geographic information system (GIS) technology for 
mapping GW quality in shallow aquifer for drinking and irrigation purposes. A small 
catchment covering two upazillas (Nawabganj Sadar and Shibganj) located in 
Nawabganj district under northwest region of Bangladesh has been considered for this 
study. GIS mapping is generated based on different GW quality parameters of shallow 
aquifer in the study catchment from a total of 122 monitoring locations collected from 
Groundwater Hydrology Circle (GWHC) of Bangladesh Water Development Board 
(BWDB). ArcGISv9.3 software package along with water quality data is used to assess 
the pollution within the catchment. Locations of monitoring wells used for GW 
sampling are presented by using their location coordinates in the framework of ArcGIS 
software. In this study, different water quality indices such as sodium adsorption ratio 
(SAR), soluble sodium percentage (SSP), residual sodium bi-carbonate (RSBC), 
magnesium adsorption ratio (MAR), Kelly’s ratio (KR), total hardness (TH), 
permeability index (PI), sodium percentage (% Na) defining irrigation water 
characteristics are calculated. The analysis shows that all the GW quality indices show 
suitable to moderate values for all 122 monitoring locations except percent sodium (% 
Na). However, in some locations, the value of % Na is in the doubtful to harmful 
range. Finally, the GW quality map and indices map are prepared, which delineates 
different GW zones as desirable or undesirable for drinking and irrigation purposes. 
The developed spatially integrated drinking water quality map demonstrates that GW 
in 85 percent of the study area is desirable for drinking and irrigation purposes. By 
contrast, the produced irrigation water quality map shows that over 95 percent of the 
study area can be considered suitable for irrigation activities. 

1.  INTRODUCTION 

In recent years, it has been recognized that the quality of ground water is of nearly equal 
importance to quantity. As greater development and use of GW continues, combined with the 
reuse of water, quality suffers unless consideration is given to protecting it. Pollution is being 
increased gradually, as the encroachments are occurred. The required quality of ground water 
supply depends upon its purpose; thus, the needs for drinking water, industrial water, and 
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irrigation water vary widely. To establish quality criteria, measures of chemical, physical, and 
bacterial constituents must be specified, as well as standard methods for reporting results of 
water analyses. Recommended limits of water quality can then be determined, serving as guides 
for proper protection and development of ground water basins (Todd, 1959). 

In recent years, the use of the Geographic Information System (GIS) has grown rapidly in GW 
management and research. GIS is now widely used to create digital geographic databases, to 
manipulate and prepare data as input for various model parameters, and to display model output. 
These functions allow primarily overlay or index operations, but new GIS functions that are 
available or under development could further support the requirements of process-based 
approaches. A GIS-managed hydrological database has been developed in order to support data 
used in numerical modeling for GW quality studies. The database contains the hydrological 
specificity of the environment of the two upazillas (sub-district) of Chapai Nawabganj district 
under the northwestern region of Bangladesh.  

The overall objective of this study is to evaluate the existing GW quality characteristics in 
Nawabganj district under northwest region of Bangladesh. Specific objectives of the study 
include (i) to collect GW quality data and calculate different water quality indices; (ii) to check 
the GW suitability for drinking and irrigation purposes using the data obtained through 
quantitative analysis and water quality standards; (iii) to prepare spatial extent maps for different 
GW quality parameters using ArcGIS software. 

1.1 STUDY AREA 

Nawabganj Sadar and Shibganj upazilla of Nawabganj district under northwest region of 
Bangladesh are selected as the study area based on the availability of data. Nawabganj Sadar 
upazilla, co-ordinates: 24°36′N 88°16′E / 24.6°N 88.267°E; has a total area of 451.8 km2 (174.4 
sq mi) and a population of 389524. Males constitute are 50.39% of the population, and females 
49.61%. Nawabganj Sadar has 19 Unions/Wards, 237 Mauzas/Mahallas, and 192 villages. 
Shibganj upazilla, co-ordinates: 24°41′00″N 88°10′00″E / 24.6833°N 88.1667°E; has a total area 
of 525.43 km2 (202.87 sq mi) and a population of 422347. Males constitute are 51.25% of the 
population, and females 48.75%. Shibganj has 18 Unions/Wards, 242 Mauzas/Mahallas, and 367 
villages. The study area is bounded by West Bengal of India on the south and west, Bholahat 
upazilla on the north and Nachol and Gomastapur upazilla of Nawabganj district on the east.  
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Figure 1: Location of the 122 GW Sample Stations within the Study Area 

2.  MATERIALS AND METHODS 

GW quality data from a total of 122 monitoring locations of Nawabganj Sadar upazilla and 
Shibganj upazilla of Nawabganj district are collected from Groundwater Hydrology Circle 
(GWC) of Bangladesh Water Development Board (BWDB). The collected data were categorized 
into two different zones in the study area. The GIS map containing the location of 122 sample 
collection stations are indicated in Fig 1. The indices of GW quality such as sodium adsorption 
ratio (SAR), soluble sodium percentage (SSP), residual sodium bi-carbonate (RSBC), 
magnesium adsorption ratio (MAR), Kelly’s ratio (KR), total hardness (TH), permeability index 
(PI), sodium percentage (% Na) are obtained using well-established models (Raihan and Alam, 
2008). 
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The spatial analysis of various physico-chemical parameters was carried out using the 
ArcGISv9.3 software. In order to interpolate the data spatially and to estimate values between 
measurements, an inverse distance weighed (IDW) algorithm was used. The IDW technique 
calculates a value for each grid node by examining surrounding datapoints that lie within a user 
defined search radius (Burrough and McDonnell, 1998). All of the data points are used in the 
interpolation process and the node value is calculated by averaging the weighted sum of all the 
points. Durov diagram was plotted from the AquaChem 2011 (Schlumberger Water Services) 
program to support the interpretations of the result. 

3.  RESULT AND DISCUSSION 

Drinking water criteria and standards have been developed by many countries in the world. 
Bangladesh developed the first water quality standards in1976 based on the WHO 1971 
International Drinking Water Standards. The revision of Bangladesh standards for drinking water 
was felt desirable after publication of the WHO drinking water quality guidelines. The 
Bangladesh Standard Specification for Drinking Water (BDS 1240: 1989) was prepared and 
published by the Bangladesh Standard and Testing Institute (BSTI) for the control of drinking 
water quality. The Ministry of Environment and Forest, Government of Bangladesh, adopted 
comprehensive water quality standards for drinking water by Gazette notification in 1997 as 
Environmental Conservation Rules under the Environmental Conservation Act, 1995. The 
Bangladesh Drinking Water Standards, 1997 with WHO guideline values, 1993 are presented in 
Table 1. 

Fig. 2 shows the GIS maps of different water quality indices for irrigation purpose in the study 
area, while Fig. 3 demonstrates the GIS maps of different GW quality parameters according to 
the suitability of potable water. From Fig. 2 it can be seen that the SAR, SSP, RSBC, PI, MAR 
and KR values are within the suitable to permissible range but values of the % Na are quite high.  
From the Table 1 and Fig. 3 it can be seen that the concentration of Na+ in the study area is lower 
than the allowable limit. The concentration of Ca2+ in the study area is higher than the allowable 
limit in most of the areas. From the Fig. 2, it can be noticed that the concentration of Mg2+ of the 
study area is under 30-50 mg/L range, which demonstrate that the area is risk free from high 
concentration of Mg2+. There are also some areas that have Mg2+ concentrations higher than 50 
mg/L and therefore, identified as the risk zones. The concentration of K+ is in the allowable limit 
except two sample station. Most of the area of the study area has an acceptable rate of pH. But 
the concentration of iron, manganese and arsenic is higher in the study area. Aluminum, zinc, 
chloride, sulphate and nitrate concentration of the study area is relatively low. But the ammonia 
concentration throughout the study area is relatively low according to WHO but it is high in 
some places according to the Bangladesh Standard.  
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 Table 1: Drinking water standards 
 

Water Quality Parameters Units Bangladesh Standards WHO Guideline Values, 1993 
Sodium mg/l 200 200 
Calcium mg/l 75 - 
Magnesium mg/l 30-35 - 
Potassium mg/l 12 - 
pH -- 6.5 - 8.5 - 
Iron mg/l 0.3 – 1.0 0.3 
Manganese mg/l 0.1 0.1 
Aluminum mg/l 0.2 0.2 
Zinc mg/l 5 3 
Arsenic mg/l 0.05 0.01 
Chloride mg/l 0.2 0.6 - 1.0 
Sulphate mg/l 400 250 
Nitrate mg/l 10 50 
Ammonia mg/l 0.5 1.5 

 
 

 
 

Figure 2: Spatial maps of different water quality index values in the study area. 
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Figure 3: Spatial maps of different GW quality parameter values in the study area. 
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In Fig. 4, the Durov diagram for the GW samples from all 122 stations are presented. The 
differentiation is clearly discernible in the Durov diagram. 

 

 
 

Figure 4: Durov diagram for Shibganj and Nawabganj Sadar upazilla. 
 

4.  CONCLUSION 

The spatial analysis and interpretations of the GW quality of the study area successfully 
demonstrates that the applied GIS methodology is powerful tool in evaluation and describing the 
spatial analysis, and mapping of the GW characteristics. The estimated water quality indices 
demonstrates that GW quality in the study area is quite satisfactory for irrigation purposes and 
the corresponding suitable area  have been delineated by producing different spatial extent maps.  
This study can offer the requisite information for the authority to pursue the sustainable 
approaches on GW management and contamination prevention. 
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