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ABSTRACT:  Water is a chief natural resource essential for the existence of life and is a basic 

human entity. This study highlights the physicochemical quality of groundwater in shallow aquifer 

under Nawabganj district of Bangladesh by different water quality parameters and indices like SAR, 

SSP, RSBC, MAR, KR, TH, PI, % Na. Groundwater quality data from a total of 122 monitoring 

were collected from Bangladesh Water Development Board (BWDB). The water samples were 

analyzed for major cations: Na+, Ca2+, Mg2+, K+ and anions: Cl, HCO3
-, SO4

2- and NO3
-. From the 

analytical results it is found that all the groundwater quality indices show suitable to moderate value 

for all 122 monitoring locations except percent sodium (% Na). In some places, the value of % Na is 

in the doubtful to harmful range. The chemical constituent of water is mostly Ca2+-Mg2+-HCO3
- type 

and shows temporary hardness. From the SAR conductivity plot it was found that the groundwater 

samples fall in the field C2S1 and C3S1. Similarly, from Wilcox diagram the samples fall in the 

field of very good to good and good to permissible. The major parameters concentrations suggest 

that water quality of shallow aquifer in study area is quite satisfactory and meets the standard 

guideline value of drinking water of Bangladesh and WHO.  
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1. Introduction 
 
Groundwater (GW) is almost globally important for human consumption as well as for the 
support of habitat and for maintaining the quality of base flow to rivers. Worldwide, the most 
important aspect of any water resources planning and management strategy is to ensure adequate 
quantity of water with acceptable quality (Nobi and Das Gupta, 1997). Water quality problems 
are often complex. However, it is a combination of problems that may affect domestic, irrigation 
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and industrial activities more severely than a single problem in isolation. In evaluating the 
irrigation water characteristics, emphases is placed on the chemical and physical characteristics 
of the water and only rarely are any other factors considered important. Water quality concerns 
have often been plentiful and readily available. However, this situation is being changed now in 
many areas (Ayers and Westcot, 1985). 
 
In Bangladesh, problems with GW are frequent in most of its region. In this study, the problem 
associated with GW quality (GWQ) in two upazillas (sub-district) of Chapai Nawabganj district 
under the northwestern region of Bangladesh is focused. In the last few decades, there has been a 
tremendous increase in the demand for fresh water in the country due to rapid growth of 
populations and the accelerated pace of industrialization. To safeguard the long-term 
sustainability of the GW resources, the quality of the water needs to be continually monitored. 
With this view, an attempt has been made to analyze the groundwater quality of Nawabganj Sadar 
and Shibganj upazilla of Chapai Nawabganj district to determine the exact level of 
physicochemical parameters with special references to suitability of water for drinking purposes 
and to assess its irrigation suitability for sustainable crop production (Raihan and Alam, 2008).  
 
The overall objective of this study is to evaluate the existing GWQ characteristics in Nawabganj 
district under northwest region of Bangladesh. Specific objectives of the study include (i) to 
collect GWQ data and calculate different water quality indices; (ii) to perform Factor Analysis 
using Principal Component; (iii) to check the GW suitability for drinking and irrigation purposes 
using the data obtained through quantitative analysis and water quality standards. 
 
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: 24036'N 88016'E / 24.60N 88.2670E; 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: 24041'00''N 88010'00''E / 24.68330N 88.16670E; 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. The 
official map of Nawabganj Sadar upazilla and Shibganj upazilla are shown in Figure 1.  
 
In the study area, the existing aquifer is semi-confined to confined in nature. A number of hydro 
geological studies have been carried out in and around the study area (Alam et al., 1990). The 
available literature (Azad and Bashar, 2000) reports that the aquifers in the area occur in three 
broad horizons; (a) The upper aquitard lies within 5 to 20 m from the surface; (b) The 
intermediate aquifer zone lies within 15 to 45 m thick and consists of very fine to fine sand, 
medium sand and occasional coarse sand and gravel. Most of the people of the area meet their 
demands of irrigation drinking and domestic water supply by tapping this shallow aquifers; (c) 
The lower aquitard lies greater than 100 m thick (Azad and Bashar, 2000). Aquifers over most of 
the region are sandwiched between upper silt and clay aquitard and lower silt and clay aquitard 
(Shams, 2002). 
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Figure 1 Administrative Map of Nawabganj Sadar and Shibganj Upazilla 
 
 
2. Materials and Methods 
 
This study has been carried out with the secondary data collected from the Groundwater Circle 
(GWC) of Bangladesh Water Development Board (BWDB) for total 122 GWQ data points 
located in different locations of Nawabganj Sadar (97 samples) and Shibganj upazilla (25 
samples) of Chapai Nawabganj district in the northwestern region of Bangladesh. The raw data 
(pollution indicators) were first block-standardized and transformed by range (auto-scaling) to 
avoid any effects of scale of units on the distance measurements (minimizing biases caused by 
variables with high or low variance on the clustering results). This is achieved by calculating their 
standard scores (Z-scores) using the equation (1) (Kowalkowski et al., 2006): 
 

j

jji
ji s

xx
z

+
=        (1) 

 
Where, zji—the standardized value, xji—original value of measured parameter, xj—average value 
of variable j , sj—the standard deviation of j.The collected data then used to calculate some GWQ 
indices like 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). 
 
The SAR is used to predict the sodium hazard of high carbonate waters especially if they contain 
no residual alkali. The excess sodium or limited calcium and magnesium are evaluated by SAR 
(Kalra and Maynard, 1991) which is computed using equation (2); 
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Where all cationic concentrations are expressed in meq/L (milliequivalent per liter). 
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Soluble Sodium Percentage (SSP) was calculated by the equation (3) proposed by Todd (1959); 
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Where all cationic concentrations are expressed in meq/L. 
 
The Residual Sodium Bicarbonate (RSBC) was calculated based on the equation (4) given by 
Gupta and Gupta (1987); 
 

+− −= 2
3 CaHCORSBC       (4) 

 
Where all cationic concentrations are expressed in meq/L. 
 
Irrigated water influenced by sodium, calcium, magnesium and bicarbonate contents affects the 
permeability of soil after a long-term use (Nagaraju et al., 2006). Permeability Index is estimated 
by using equation (5); 
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Where all cationic concentrations are expressed in meq/L. 
 
The Total Hardness (TH) was calculated by the following equation (Raghunath, 1987); 
 

( ) 5022 ×+= ++ MgCaTH       (6) 
 
Where all cationic concentrations are expressed in mg/L (milligram per liter). 
 
The magnesium hazard (MAR) of irrigation water is proposed by Raghunath (1987). The MAR 
values exceeding 50 is considered harmful and unsuitable for irrigation use. Magnesium 
Adsorption Ratio (MAR) is calculated by the equation (7) (Raghunath, 1987); 
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Where all cationic concentrations are expressed in meq/L. 
 
The Kelley’s Ratio (KR) is calculated by the equation (8) (Kelly, 1959) as; 
 

++

+

+
=

22 MgCa

Na
KR        (8) 

 
Where all cationic concentrations are expressed in meq/L. 
 
Methods of Wilcox (1955) and Richards (1954) have been used to classify and understand the 
basic characteristics of the chemical composition of GW since the suitability of the GW for 
irrigation depends on the mineralization of water and its effect on plants and soil. Percent sodium 
can be determined using the following formula: 
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Where all cationic concentrations are expressed in meq/L. 
 
Multivariate statistical methods are among the most commonly applied techniques in recent times 
to study patterns in hydrologic and hydro-chemical processes in surface and groundwater 
systems. They are useful in delineating GW spatial associations on the basis of chemical 
constitution. In this study, the R-mode Factor analysis using Principal components has been 
applied. This is known as a powerful technique for reduction of variables dimension by providing 
the correlation among measured chemical variables and their multivariate patterns based upon 
eigen analysis of the correlation or covariance matrix that may be help to classify the original 
large sets of data (Helena et al., 2000 and Kaiser, 1958). The geochemical interpretation of 
determined factors gives insights into the dominant processes, which may command the 
distribution of hydro-chemical variables (Liu et al., 2003). However, Multivariate statistical 
analyses do not establish cause-and-effect relationships but provide information from which such 
relationships can be drawn. Piper trilinear, Durov, SAR conductivity plot and Wilcox diagrams 
were plotted from the AquaChem 2011 (Schlumberger Water Services) program to support the 
interpretations of the results of the multivariate statistical analyzes. 
 
 
3. Results and Discussions 
 
From the analysis of different groundwater quality indices it can be seen that the value of SAR is 
relatively low in all 122 monitoring locations and samples are in excellent category having the 
SAR value <20 meq/L. The SSP values are in the range of excellent to good category. From Table 
1 it can be seen that the GW of the study area is low to medium alkaline according to RSBC 
concentration. The limit of PI is 25-75 meq/L for the moderate irrigation category and >75 meq/L 
for the good irrigation category. Thus, the results indicate that the study area has a moderate 
irrigation quality according to the PI values. The limit of TH is 500 mg/L. Therefore, it can be 
said that the study area has a hardness problem in the GW. All values of MAR are under 50 
meq/L, which indicates that the groundwater is suitable or fair to use in irrigation. The limit of 
KR is < 1 meq/L for the suitable irrigation category. So, it can be said tha the study area has a 
suitable irrigation quality according to the KR values. The ranges of % Na are <20 meq/L for 
very good quality, 20-40 meq/L is good irrigation quality, 40-60 meq/L is permissible, 60-80 is 
doubtful and > 80 meq/L is harmful irrigation quality. There are 21 samples in very good 
category, 50 samples are in good category, 17 samples are in permissible category, and 14 
samples are in doubtful category and 20 samples shows harmful quality according to % Na 
concentration. The minimum, maximum, average and standard deviation values of different WQI 
of all 122 samples are shown in Table 1. 
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Table 1 Minimum, Maximum, Average and Standard Deviation of different WQI. 
 

WQI Min Max Average St. Dev. 
SAR 0.14 2.21 2.20902 0.504471 
SSP 5.82 39.61 15.99441 8.675748 

RSBC -4.77 4.88 2.314705 1.220588 
PI 27.19 77.23 48.65749 10.33867 
TH 2345 17800 6432.392 2248.078 

MAR 18.68 39.34 28.76948 4.116842 
KR 0.046 0.646 0.187956 0.141483 

% Na 9.91 130.11 42.7818 28.6453 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 2 Piper plot describing hydro-geochemical facies of (a) Nawabganj Sadar (b) Shibganj  
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Most natural water can be represented as solution of three cationic constituents, viz., Ca2+, Mg2+ 
and alkaline metals and of three anionic constituents viz., SO4

2-, Cl- and those contributing to 
alkalinity, i.e., CO3

2- and HCO3
-. Therefore, linear plots are most suitable for the representation of 

groundwater composition. The modified trilinear diagram was presented by Piper (1944). Figure 
2, which clearly explain the variations of cation and anion concentration in the study area. The 
diamond-shaped field of piper diagram is divided into four classes, namely Ca2+–Mg2+–Cl-–SO4

2-, 
Na+–K+–Cl-–SO4

2-, Na+–K+–Cl-–HCO3
- and Ca2+–Mg2+–HCO3

-. From the figure 2, it can be seen 
that in the study area majority of samples belong to the Ca2+–Mg2+–HCO3

- type. 
 

 
Figure 3 Wilcox diagram of the groundwater in the study area 

 
On the Wilcox diagram in the Figure 3 prepared according to EC vs SSP values, about 44.33% of 
the samples of Nawabganj Sadar and about 64% of the samples of Shibganj fall into the good to 
permissible classification. The rest of the samples are fall into the very good to good 
classification. Figure 4 is the U.S. Salinity Laboratory’s (USSL 1954) SAR-EC diagram for 
groundwater from all samples. The diagram is divided into several sections on the basis of the 
various combinations of Sodium hazard (SAR) and salinity (EC).  The entire samples plot within 
the S1 (low sodium) category and range in salinity is low. These waters are generally acceptable  

Figure 4 SAR conductivity plot 
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for irrigation on almost all soils without the prospects of causing the sodium effects on irrigation 
soils. The salinities for the samples range between medium and high. The high salinities might 
pose problems in poorly drained soils due to the prospects of salt accumulations over long 
periods of application. Excess salinity reduces the osmotic potential of plants and thus interferes 
with the absorption of water and nutrients from the soil (Saleh et al., 1999). 
 
The rotated factor loading, eigen values, percentages of variance, and cumulative percentages of 
variance associated with each factor for PCA of two upazillas are summarized in Table 2 and 
Table 3. The highlighted variables have their absolute values of loadings greater than or equal to 
0.7 for the reason that it is an indicator of the participation of the variables in each Principal 
Component, i.e. they represent the most important information on which the interpretation of 
factors is based (Huang et al., 2010).  
 

Table 6 Variance of rotated R-mode Factor loading matrix for Nawabganj Sadar 
 

Variable Factor 1 Factor 2 Factor 3 Factor 4 
Na+ 0.651 -0.349 -0.008 -0.329 
Ca2+ 0.835 0.388 0.239 0.146 
Mg2+ 0.895 0.166 0.118 -0.084 
K+ 0.457 0.142 0.272 0.450 
HCO3

- 0.582 0.549 0.433 -0.130 
pH 0.026 0.105 -0.059 0.790 
SEC 0.902 0.273 0.229 0.029 
Fe -0.062 0.672 -0.187 0.018 
Mn2+ 0.077 0.759 0.364 0.238 
Al3+ 0.085 -0.101 0.663 -0.110 
Zn2+ 0.096 0.286 -0.526 -0.264 
As(Tot) -0.030 0.664 -0.129 0.043 
Cl- 0.839 -0.153 -0.181 0.155 
SO4

2- 0.858 -0.225 0.088 0.127 
NO3

- 0.859 -0.200 -0.300 0.019 
NH4

+ -0.014 0.924 -0.156 0.054 
Eigenvalue 5.486 3.235 1.444 1.165 
Variance (%) 34.290 20.216 9.028 7.280 

Cumulative Variance (%) 34.290 54.506 63.534 70.814 
 
In Table 2 four factors with respective eigen values greater than unity were identified which 
account for 70.814% of total variance in the original dataset of Nawabganj Sadar zone. Similarly, 
Table 3 explains 86.698% of total variance in the original dataset of Shibganj zone. Higher values 
of Ca2+, Mg2+, SO4

2-and NO3
- denote the hardness of GW of this area. Ca2+, Mg2+ and HCO3

- all 
are the products of the dissolution of dolomite (Maree et al., 1996). The sulfate might come from 
the breakdown of organic substances of weathered soils, leachable sulfate from fertilizers and 
other human influences like sulfuric salts in domestic wastewater (Craig and Anderson, 1979; 
Bahar and Yamamuro, 2008) and from industrial effluents. NO3- has no known lithological source 
and it is introduced into the GW by atmospheric and pollution sources (Jeong, 2001). Presence of 

NH4
+
 explains the agricultural signature as it is a common constituents of soluble fertilisers or 

could come from livestock excrement (Conrad et al., 1999). Cl- indicates the influence of 
saltwater signature. 
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Table 3 Variance of rotated R-mode Factor loading matrix for Shibganj 
 

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
Na+ 0.606 0.402 -0.298 0.542 -0.057 
Ca2+ 0.628 0.677 -0.097 -0.051 0.145 
Mg2+ 0.879 0.375 -0.109 0.092 -0.010 
K+ -0.107 -0.084 0.054 -0.823 -0.087 
HCO3

- 0.188 0.859 -0.089 0.372 0.082 
pH 0.173 -0.140 0.302 -0.798 -0.101 
SEC 0.728 0.597 -0.165 0.250 0.076 
Fe -0.118 0.440 0.625 0.107 -0.491 
Mn2+ -0.131 0.191 0.069 0.146 0.905 
Al 3+ 0.136 -0.562 -0.062 0.527 -0.125 
Zn2+ 0.835 -0.059 0.312 -0.013 -0.128 
As(Tot) -0.044 -0.111 0.845 -0.201 0.136 
Cl- 0.972 -0.002 -0.049 -0.078 0.048 
SO4

2- 0.918 0.176 -0.218 0.146 -0.086 
NO3

- 0.976 -0.062 -0.078 -0.016 -0.085 
NH4

+ -0.083 -0.086 0.909 -0.194 -0.017 
Eigenvalue 5.636 2.485 2.332 2.237 1.182 
Variance (%) 35.226 15.532 14.574 13.982 7.385 

Cumulative Variance (%) 35.226 50.757 65.331 79.313 86.698 
 
 
4. Conclusions 
 
Groundwater is an important source of drinking water for many people around the world. 
Contamination of groundwater generally results in poor drinking water quality, loss of water 
supply, high cleanup costs, high-cost alternative water supplies and potential health problem. In 
the present study, interpretation of hydro-chemical analysis reveals that the groundwater in area is 
hard to very hard. The chemical constituent of water is mostly Ca2+-Mg2+-HCO3

- type and shows 
temporary hardness. The Wilcox diagram shows that the samples are in C2S1 and C3S1 
classification. From SAR conductivity plot, it shows that the samples are in very good to good 
and good to permissible classification. The R-mode factor analysis reveals the source of different 
constituents. This study can offer the requisite information for the authority to pursue the 
sustainable approaches on GW management and contamination prevention. The estimated water 
quality indices demonstrate that GWQ in the study area is quite satisfactory for irrigation and 
domestic purposes. 
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