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Abstract Sustainable groundwater quality is a key global concern and has become a major

issue of disquiets in most parts of the world including Bangladesh. Hence, the assessment

of groundwater quality is an important study to ensure its sustainability for various uses. In

this study, a combination of multivariate statistics, geographical information system (GIS)

and geochemical approaches was employed to evaluate the groundwater quality and its

sustainability in Joypurhat district of Bangladesh. The results showed that the groundwater

samples are mainly Ca–Mg–HCO3 type. Principal component analysis (PCA) results

revealed that geogenic sources (rock weathering and cation exchange) followed by

anthropogenic activities (domestic sewage and agro-chemicals) were the major factors

governing the groundwater quality of the study area. Furthermore, the results of PCA are

validated using the cluster analysis and correlation matrix analysis. Based on the
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groundwater quality index (GWQI), it is found that all the groundwater samples belong to

excellent to good water quality domains for human consumption, although iron, fluoride

and iodide contaminated to the groundwater, which do not pose any significant health

hazard according to World Health Organization’s and Bangladesh’s guideline values. The

results of irrigation water quality index including sodium adsorption ratio (SAR), per-

meability index and sodium percentage (Na %) suggested that most of the groundwater

samples are good quality water for agricultural uses. The spatial distribution of the mea-

sured values of GWQI, SAR, Fe (iron), EC (electrical conductivity) and TH (total hard-

ness) were spatially mapped using the GIS tool in the study area.

Keywords Sustainable groundwater quality � Geochemical approaches � Irrigation

quality index � Groundwater management � Groundwater quality index

1 Introduction

Sustainable groundwater quality is essentially vital for human consumption, and agricul-

tural purposes in any region, while a recent study revealed ‘‘extensive contamination’’

possesses more threat to sustainable groundwater supply than depletion (Macdonald et al.

2016). The sustainability of groundwater quality in the context of Bangladesh is reiterated

and highlighted with significant importance in recent literature (Hossain et al. 2010;

Biswas et al. 2014; Bhuiyan et al. 2015). The evaluation of groundwater quality is not only

necessary to know the suitability but also for planning the management of groundwater in a

more sustainable way to meet the existing and future demands for drinking and irrigation

uses. However, the surface water flow in Bangladesh is also at risk due to the disruption of

trans-boundary river courses which has existed on Indian strip. Moreover, the erratic

rainfalls also cause adverse effects on the groundwater quality and chemistry in the

northwestern Bangladesh.

The excessive uses of groundwater resulting in depletion of groundwater table and

degradation of the groundwater quality through anthropogenic processes have led to severe

socioeconomic implications in northwestern region of Bangladesh (Shahid et al. 2015;

Rahman et al. 2017). In addition, geological characteristics, rock–water interaction, dis-

solution/evaporation due to rainfall are the major geogenic processes controlling the

groundwater quality in this region. Although several studies have focused on groundwater

quality in Bangladesh (Saha et al. 2009; Afroza et al. 2009), published work concerning the

influence of geogenic and anthropogenic activities on changes of the hydrogeochemical

composition in natural water is limited. However, there is no unique solution for sus-

tainable groundwater quality management, and several factors influence climatic, hydro-

geologic and socioeconomic conditions that vary with region to region. The groundwater

quality index is a plausible option to know the status of the groundwater quality either

sustained or unsustainable way in any region.

Many researchers have endeavored to develop various groundwater quality indices

(GWQIs) for evaluating water quality; the selection of GWQIs is based upon the

groundwater input variables and the obtained outcomes (Singh et al. 2005; Vasanthavigar

et al. 2010). The GWQI is an effective tool for measuring not only the suitability of

drinking water, but also to formulate the information on groundwater quality in an area.

However, most of the previous research works have been conducted in northwestern
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regions, especially in Natore, Bogra, and Dinajpur districts in Bangladesh (Mridha et al.

1996; Islam and Shamsad 2009; Hakim et al. 2009) where they have focused on the

physico-chemical characteristics of groundwater quality and its suitability for human

consumption and agriculture uses. Groundwater quality and its sustainability in Joypurhat

district of Bangladesh by using integrated hydro-chemical techniques along with the GIS

and multivariate statistical approaches are yet to be carried out.

It has been observed that statistical techniques are widely used for assessing the

groundwater quality and quantity in the worldwide. Among various statistical techniques,

multivariate statistics has been extensively applied for source identification of groundwater

pollution in most regions of the world including Bangladesh ((Halim et al. 2010; Molla

et al. 2015; Bhuiyan et al. 2016). In addition, spatial analysis shows the heterogeneity of

groundwater quality in spatial extents. The combined approaches of multivariate statistics

and spatial interpolation technique can provide the reliable results in groundwater con-

tamination history. Since the spatial distribution of groundwater contaminants in any area

is controlled by geochemical heterogeneity, the spatial interpolation technique is an option

for measuring the value at unknown sampling sites to exhibit groundwater pollution

(Webster and Oliver 2001; Hossain et al. 2007; Bhattacharya et al. 2011). In this study, the

inverse distance weighting (IWD) interpolation technique has been employed to demon-

strate the spatial variation of parameters of groundwater samples (Isaaks and Srivastava

1989; Islam et al. 2017).

The status of the drinking and irrigation water quality is important to know for the better

insights into the sustainability of groundwater for domestic, agriculture and other purposes.

However, a very limited research has been undertaken on groundwater quality assessment

in the study region. Therefore, the integrated geochemical and multivariate statistical

approaches are the widely used methods that help to understand the geochemical factor

controlling the groundwater geochemistry and quality (Kumar et al. 2009; Liu et al. 2003;

Bodrud-Doza et al. 2016; Bhuiyan et al. 2016; Alharbi et al. 2017). Considering above-

mentioned aspects, Joypurhat district of the northwest Bangladesh has been chosen as the

study site for a detailed investigation of groundwater quality and its sustainability using the

integrated approach of the geochemical method and the GIS with multivariate statistics.

The paper is organized into 4 sections. The material and method are given in the next

Sect. 2. Section 3 contains the result and discussion parts which include the characteristics

of groundwater quality, ionic relationship, factor controlling the groundwater quality,

status of drinking and irrigation water quality and also spatial analysis. Conclusion is

presented in Sect. 4.

2 Material and method

2.1 Study area

Panchbibi upazila (a small administrative unit), situated in northwestern region of Ban-

gladesh, Joypurhat district has been chosen for this study, which is positioned between

25�020N to 25�160N latitude and 88�580E to 89�120E longitude (Fig. 1). The Joypurhat

district is the part of Tista floodplain that experiences drought condition. Surface is gen-

erally flat low laying topography, with a 30 m elevation from mean sea level (Afroza et al.

2009). The study area lies in the sub-humid area of northwest Bangladesh and is vulnerable

to different potential threats like growing population, rapid urbanization and small
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industries. It is occupied by a range of geological formation containing from the DupiTila

Sandstone Formation to recent deposits. The DuptiTila Sandstone Formation is divided

into semi-consolidated to unconsolidated formation. The sediment is deposited as an older

alluvial fan of the Chiri, Haraboti and small Jamuna River. The groundwater quality is

highly dominated by the old Brahmaputra and Teesta Rivers of Bangladesh. Aquifer

system is mainly semi-confined in nature and originated in Plio-Pleistocene age. This area

is characterized by hot summer monsoon climate. The climate is suitable for living and

non-living ones and no distinguishable variation in temperature. The mean temperature is

26 �C, and the annual normal rainfall is about 1400 mm.

2.2 Sample design and analytical procedure

Water samples were obtained from local government and engineering department (LGED)

at 20 sites from the study area during March 2014. Stratified sampling method was applied

to collect water samples of the shallow tube wells whose depths vary from 20 to 85 m

(Fig. 1). The collected groundwater samples were transferred into pre-cleaned 500 ml

polythene bottles for analysis of physico-chemical parameters. Samples were sent to the

laboratory in Dhaka for the details physico-chemical analysis such as pH, EC, and TDS,

and major cations and anions (Ca2?, Mg2?, Na?, K?, Fe, Cl-, SO4
2-, HCO3

-, I- and F-).

Chemical variables were investigated by the standard techniques followed by APHA

(2005). The pH and EC were analyzed during on-site sample measurement by using Hanna

HI 8633 portable meters calibrated with standard solutions. The Ca2?, Mg2?, Cl- and

HCO3
- were computed by acidimetric titration (Chopra and Kanwar 1980), Na? and K?

were determined by flamephotometry, I-, F-, SO4
2- were estimated by ion chromatog-

raphy, and Fe was determined by atomic absorption spectrophotometer. Geochemical

assessment of the groundwater samples was performed by using AquaChem (version 3.6)

software which was used to classify the groundwater types and to show geochemical

diagrams.

Fig. 1 Map showing the sample locations of the study area
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2.3 Statistical techniques

Descriptive statistical methods were applied to interpret the statistical variables (maxi-

mum, minimum, mean and standard deviation, variance) for groundwater quality data set.

The correlation matrix (CM) analysis was carried out to define the degree of pair with two

parameters in this study. The terms ‘‘significant/strong’’, ‘‘moderate’’ and ‘‘insignificant’’

are applied to Pearson’s correlation matrix (CM) analysis based on the approach proposed

by Liu et al. (2003), and it indicates to the values as [0.75, 0.75–0.50 and 0.50–0.30,

respectively. Multivariate statistical approaches are very useful in attaining significant

information from hydro-chemical dataset in the groundwater system. In this study, the

multivariate statistical approaches including principal component analysis (PCA), factor

analysis (FA) and cluster analysis (CA) were successfully applied to investigate the hydro-

chemical data of groundwater. In order to understand the geochemical processes and the

sources of major anions and cations in the groundwater, hydro-chemical data were sub-

jected to PCA that allowed to group them based on their inherited properties. The PCA was

performed with an orthogonal Kaiser’s Varimax rotation to make the factors more inter-

pretable without changing the original mathematical dataset (Mertler and Vannatta 2005).

The varimax rotation can successfully reduce the contribution of less significant parame-

ters in the groundwater quality obtained from the PCA. The first PCA was accounting for

the highest variance in the dataset followed by the next PCA and so on. Additionally, the

cluster analysis (CA) was employed to identify similar groups or clusters based on similar

characteristics within the class and dissimilar characteristics among various classes. The

results of attaining multivariate statistical methods were assessed by the R-mode, Q-mode

analyses, scree plot and dendrogram based on Ward’s method. Physico-chemical analysis

results of groundwater in the study area were analyzed statistically. All the statistical

analyses were performed by using the SPSS software version 22.0.

However, currently, various spatial interpolation techniques such as kriging method,

inverse distance weighted method and so on were used for predicting and to measure the

spatial variability of the groundwater dataset. Out of those interpolation techniques, the

inverse distance weighted (IDW) method was deployed for the spatial analysis in this study

because of its easiness and estimate accuracy compared to other interpolation methods like

kriging (Gorai and Kumar 2013). This method is in-built within ArcGIS. The spatial

distribution maps of groundwater dataset were done by using the ArcGIS software (version

10.2).The justification for using the IDW method is that it computes the spatially inter-

polated values very fast and accurately.

2.4 Water quality analysis

The groundwater quality was calculated by using the groundwater quality index (GWQI)

with respect to national and international standards by Eq. (1), given by Vasanthavigar

et al. (2010).

GWQI ¼
X

SIi ¼
X

Wi � qið Þ ¼
X wiPn

i¼1 wi

� �
� Ci

Si
� 100

� �� �
ð1Þ

where qi is groundwater quality rating point, Ci is concentrations of each parameter, and Si
is WHO standard (Eq. 2). Then, SIi is the sub-index of ith chemical parameters.

The following equations have been adopted for parameters analysis of irrigation water

quality indices.
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The total hardness is calculated by Eq. 2

TH ¼ 2:497 Ca þ 4:115 Mg ð2Þ

Also MH (magnesium hazard) is measured by Eq. 3

MH ¼ Mg

Ca þ Mg
� 100 ð3Þ

Kelley’s ratio (KR) is given by Eq. 4

KR ¼ Na

Ca þ Mg
ð4Þ

The electrical conductance is a function of TDS which given by Eq. 5

EC ¼ TDS

0:64
ð5Þ

The sodium adsorption ratio (SAR) is defined by Richard (1954) in the below Eq. 6

SAR ¼ Naffiffiffiffiffiffiffiffiffiffiffi
CaþMg

2

q ð6Þ

Residual sodium bicarbonate can be expressed in Eq. 7

RSBC ¼ HCO3 � Ca ð7Þ

The Na? (sodium percentage) or SSP is calculated by the formula in Eq. 8

Na% ¼ Na þ K

Ca þ Mg þ Na þ K
� 100 ð8Þ

The permeability indices (P1) is calculated by the following Eq. 9

PI ¼ Na þ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
HCO3

p

Ca þ Mg þ Na
� 100 ð9Þ

Ionic concentrations can be expressed by the meq/L. All physico-chemical parameter is

matched with national and international standards to examine the sustainability of

groundwater quality in the study area.

3 Result and discussions

3.1 Characterization of groundwater quality

Groundwater quality depends on several aspects including level of weathering of the

different rock, quality of the aquifer and effect of peripheral pollution sources. These

aspects and their relations consequence create complex groundwater chemistry (Aksever

et al. 2016). To measure water quality, groundwater datasets were derived from various

depths (20–85 m) during the dry season in March 2014, and it was evaluated. The

descriptive statistics of physico-chemical parameters of groundwater samples from 20 sites

1940 A. R. M. T. Islam et al.

123



are displayed in Table 1. From Table 1, it can be said that the 14 parameters and their

standard deviation are varied noticeably. The results showed a wide range of variation in

analyzed physico-chemical parameters in the groundwater. The pH values of the

groundwater samples were ranged from 7.4 to 8.8 with a mean of 7.93, indicating the

slightly alkaline in nature. According to WHO (2011) and Bangladesh standards (DoE

1997), the pH value of drinking water will be within 6.5 and 8.5. The finding is echoed by

the similar work (Bhuiyan et al. 2015) where pH value is found in 7.53 on average in the

northwestern part of Bangladesh. The EC values of water were varied from 163 to 865 lS/

cm with a mean value of 422.62 lS/cm. The TDS values were ranged from 104.32 to

553.60 mg/L with a mean value of 270.48 mg/L. In accordance with the WHO (2011) and

USEPA (2012), the analyzed samples of TDS values are suited for drinking water uses.

The high variation on physical parameters may be due to inconsistency with underlying

rocks each other. The Ca2?, HCO3
- and EC values of the studied samples were augmented

because of deep movement, long residence time and continuous relation with rock types,

recharging from the relatively high areas. Predominant ions in the water are Ca2?, Na? and

HCO3
-, respectively. HCO3

- anion was exceeded more than 50% of total anions of the

investigated samples. The sequential order for abundance ions of groundwater was: major

cations Ca2?[Na?[Mg2?[ K? and major anions HCO3
-[Cl-[CO3

-[
SO4

-[F-[ I-. The cation exchange and dissolution of carbonate (dolomite) may be

ascribed to the high Ca? concentration in the aquifer. The K? values are generally low as

compared with Ca2?, Na? and Mg2 in the aquifer system. The high Ca2? and Mg2?

concentrations in groundwater could be causing the water to be considered as hard type of

water. The higher Cl- concentration of groundwater may be caused a corrosion of septic

tanks.

Hydro-chemical facies is a very important feature for identifying groundwater hydro-

chemistry. A trilinear Piper diagram is a popular technique for primary characterization of

water quality (Piper 1944). This technique is useful in showing and categorizing chemical

Table 1 Descriptive statistics of groundwater parameters in the study area

Parameters Minimum Maximum Mean SD Variance

pH 7.400 8.800 7.935 0.460 0.212

EC (ls/cm) 163.000 865.000 422.625 163.726 26,806.271

TDS (mg/l) 104.320 553.600 270.480 104.784 10,979.776

Na (mg/l) 9.780 17.270 12.168 2.102 4.420

K (mg/l) 0.150 0.500 0.301 0.094 0.009

Ca (mg/l) 45.990 61.240 54.708 4.385 19.224

Mg (mg/l) 2.350 6.650 4.036 1.276 1.629

Fe (mg/l) 0.200 1.970 0.793 0.445 0.198

F (mg/l) 0.020 0.100 0.052 0.022 0.000

Cl (mg/l) 8.470 40.630 17.199 7.349 54.004

I (mg/l) 0.001 0.006 0.003 0.002 0.000

HCO3 (mg/l) 100.250 165.250 136.971 20.336 413.553

CO3 (mg/l) 2.490 4.800 3.742 0.598 0.358

SO4 (mg/l) 1.120 1.900 1.513 0.242 0.059
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data in a single form for fast interpretation of groundwater types. The plots of Piper

diagram indicates that Ca2?, Mg2?, HCO3
- play a vital role in defining groundwater type.

The main groundwater type is Ca–Mg–HCO3, suggesting dominance of alkaline earths

(Ca2?, Mg2?) and weak acid (HCO3
-) (Fig. 2). It is fresh water that occupies the sands of

Joypurhat aquifer. This finding is consistent with the previous results of Hossain et al.

(2010) for groundwater resources in northern part of Pabna district, Bangladesh. The

plotting on Chadha diagram (Chadha 1999) confirms that Ca–Mg–HCO3 is major

groundwater type in the study area samples (Fig. 3). The Ca–Mg–HCO3 water type is

related to areas where the base rock–groundwater inter-relation is the major reasons for

difference in the groundwater chemistry from the hydrologic basins (Yidana 2010).

However, the Ca–Mg–HCO3 facies is derived from the dissolution of calcite which exists

on the limestone of Eocene age in the aquifer. Furthermore, the molar ratio Ca/HCO3 1:05

is equivalent to 1, supporting the source of these ions in the aquifer system (Faye et al.

2005).

In addition, Gibbs’s graph was used to attain a better understanding into geochemical

processes on the groundwater chemistry in a region (Sivasubramanian et al. 2013). The

values of physico-chemical parameters are plotted on the Gibb’s (1970) graph in the

weight ratio of groundwater Na?/(Na? ? Ca2?), Cl-/(Cl- ? HCO3
-) and TDS (e.g.,

weathering of rock, precipitation and evaporation). The Gibb’s graph indicates that rock-

dominance zone is controlled by the processes of carbonate mineral dissolution within the

aquifer (Fig. 4). Dissolution of rock is predominant process involving the explanation of

groundwater hydrochemistry. The rock dominance on the groundwater chemistry is con-

firmed by the investigation of the geochemistry and also the computation of Hounslow

ratios (Hounslow 1995): when the value of Cl/
P

anion = 0.2, less than 0.8 indicates

mainly weathering of rock, especially, carbonate dissolution (Rahman et al. 2017).

Fig. 2 The Piper (1944) plots for groundwater samples of the study
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3.2 Ionic relationship in groundwater quality

Pearson’s Correlation matrix (CM) study was carried out using a bivariate statistics to

determine the relationships between two sets of parameters through the linear correlation

study. The results obtained from the correlation analyses are presented in Table 2. The

pairs of Na? and SO4
2- (r = 0.57), I- and HCO3

- (r = 0.59) showed a significant pos-

itive correlations, whereas the pair of Mg2? and HCO3
- (r = -0.41) depicted negative

correlation. The values of Ca2? and K? (r = 0.67) showed significant positive correlation,

while the paired value of Mg2? and Ca2? (r = -0.03) exhibited a very insignificant

negative correlation. The escape of Mg2? and Ca2? ions from parent materials of dolomite

and calcite was the major sources of alkaline earth enrichment in the groundwater samples.

The values of F- and HCO3
- (r = 0.50) indicated a strong moderate positive correlation.

A moderate positive correlation was also observed between the paired of I- and pH

(r = 0.47), I- and K? (r = 0.48). A moderate negative correlation was also revealed in the

values of Ca2? and pH (r = -0.37), Mg2? and HCO3
- (r = -0.41). The moderate

negative correlation between Mg2? and HCO3
- confirmed the alkaline earth and weak

acidic anion exceeded than other materials in the groundwater.

The Na?/Cl- ratio was used to show the mechanism of water salinity, rock–ground-

water interaction, and anthropogenic activities. Most of the datasets are plotted to the line

of 1:1 (Fig. 5a) explained by Na? and Cl- indicating a continuous line from rainfall and

unpolluted groundwater (Panno et al. 1999). The Na? and HCO3
- show an increasing

concentration of groundwater indicating the weathering of carbonate rock occurs in the

aquifer system (Fig. 5b). The Ca2? and Na? show that the ratio is equal to 0.5 or 1.1 line,

suggesting that carbonate dissolution (Fig. 5c). The concentration of Ca2? ? Mg2? and

HCO3
- indicates the possibility of dolomite dissolution with calcite precipitation in

groundwater (Fig. 5d). This finding is in good agreement with the earlier studies of Afroza

et al. (2009) who reveals that dolomite dissolution occurs in the northwestern region of

Bangladesh. The gentle slope line suggests a few changes occurred in the ionic chemistry

and also indicating dissolution of carbonate minerals and some nearby (Zhou et al. 2012).

The greater concentration of HCO3
- might be occurred in the groundwater because of the

greater evaporation. The Ca2? ? Mg2? and TDS gentle slopes follow the 1:1 line showing

Na? and K? ions contribute to the increase in TDS (Sivasubramanian et al. 2013) (Fig. 5e).

The plot of I- and F- concentrations that equal amount of sample above and below the 1:1

line reveals shorter residence time in aquifers system with lack of fluoride rich rocks such

as biotite, apatite and amphibole which possess lower fluoride in the groundwater samples

Fig. 3 The Chadha (1999) plots showing the groundwater types
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(Fig. 5f). This phenomenon also suggests the possibility of the presence of carbonate rock

in the study areas which is confirmed by low positive correlation between them. Hence

enrichment of Ca2?, Mg2? and HCO3
- concentrations in carbonate rock tends to have the

lowest concentration of I- and F- in the groundwater. The high Ca2
? and Mg2

? ratios and

HCO3
- of the studied groundwater also confirm the calcite and dolomite dissolution exist

in the aquifer, according to Eqs. 10 and 11, respectively.

CaCO3 þ CO2 þ H2O $ Ca þ 2HCO3 Calciteð Þ½ � ð10Þ

CaMg CO3ð Þ2þ2CO2 þ 2H2O $ Ca þ Mg þ 4HCO3 Dolomiteð Þ
� �

ð11Þ

The samples of a ratio equal to 1 show that dolomite dissolution happened, while the

remaining samples have a ratio [1 indicating calcite dissolution (Bhuiyan et al. 2015;

Hassen et al. 2016). Hence, weathering of carbonate rock may be possibly influenced to the

groundwater quality in the designated area.

3.3 Source of ions and factors controlling in groundwater quality

In this study, principal component analysis (PCA) was attained on groundwater samples of

20 sites and 14 physico-chemical parameters to explore the relations among the ions and

trace metals. The PCA of analyzed samples was applied to differentiate the major con-

tribution of sources either geogenic and anthropogenic which governed the water quality.

This analysis also helps to find out information on datasets about sources of ion and factor

controlling in groundwater quality. Factors with eigenvalues exceeding one were only

considered for the study. Seven PCA were taken out from groundwater quality parameters,

which represented 90.69% of total variance in the study area. A scree plot was used to

demonstrate a major slope change after the fourth eigenvalues (Fig. 6a). The PCA loadings

obtained after varimax rotation from groundwater quality variables are shown in Table 3.

The first 3 PCs contribute 46.74% of the total variance in the present study (Fig. 6b).

In this study, PC1 represented 16.57% of total variance in groundwater geochemistry.

The PC1 was observed by strong position loading on EC in studied S-2, S6–8, S-10, S-13

samples. The highest value of EC confirms geogenic process, which is an important factor

Fig. 4 Gibbs (1970) plot showing the mechanism governing groundwater chemistry
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controlling in overall geochemistry. This leads to an accumulation of salts in soils (Drever

1997). These salts reach the groundwater through the infiltrated recharge water. Thus, these

are the genetic source of salts in the groundwater. So, EC indicates water salinity index;

PC1 is revealed as the salinity controlled process. The PC2 exhibited 16.39% of total

variance in groundwater quality. The high loading of Ca2? and K? in S1, S15, S17 sample

sites, showing geogenic process in groundwater aquifer. This affects to the water quality

and might be influenced by ionic or reverse ionic exchange in the study area (Loni et al.

2014).

The PC3 exhibited a high positively loaded of Mg2?, F- and HCO3
- and were widely

distributed in S1–3, S-7, S-9, S15, S-19 sample locations, indicating the contribution of

rock–water interaction in shallow unconfined aquifer. The high positive score of F- might

be originated from dissolution of fluro-pyrites, fluorite, various silicate bearing minerals.

However, the agricultural fertilizer is also the source of F- in the groundwater (Hem 1991).

Furthermore, F- indicated a moderate positive correlation with HCO3
-. This correlation

demonstrated that both F- and HCO3
- are believed to be geogenic source rather than

anthropogenic activities. The PC4 denoted 13.57% of total variance with strong positively

loaded on pH, I- and HCO3
-, showing the alkalinity controlled process in groundwater.

The high value of pH may be contributed to be dissolution of carbonate rock in ground-

water. The high HCO3
- value may be caused by long-term irrigation practices that cir-

culate the water within the soil/weathered zone. The PC5 accounted for 12.16% of variance

in groundwater quality. A high positive loading was depicted on Na? and SO4
2- in S-14,

S-16 and S19–20 sample locations. The high values of Na?, SO4
2- ions are mainly

anthropogenic sources like as the wastes, and agro-chemicals (Todd 1980; Hem 1991) or

originate from animal and domestic wastes in the study areas (Panno et al. 1999). However,

Fig. 5 Bivariate plots of groundwater samples in the study area, a Na? versus Cl- plot, b Na? versus
HCO3

- plot, c Na? versus Ca2? plot, d Ca2? ? Mg2? versus HCO3
- plot, e TDS versus Ca2? ? Mg2?

plot, f F- versus I- plot
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Table 3 Varimax rotated principal component analysis for groundwater samples

Parameters PC1 PC2 PC3 PC4 PC5 PC6 PC7

R Mode

pH 0.097 -0.185 -0.104 0.916 0.073 -0.003 -0.037

EC 0.956 0.105 0.139 0.017 -0.124 -0.1 -0.049

Na -0.057 -0.109 0.121 -0.006 0.905 0.062 -0.145

K 0.182 0.897 -0.081 0.228 0.051 0.178 -0.022

Ca 0.27 0.829 -0.068 -0.333 0.051 -0.094 -0.028

Mg -0.09 0.156 20.668 0.204 -0.277 0.506 0.196

Fe -0.416 0.665 0.163 0.002 -0.242 -0.26 -0.251

F 0.303 0.076 0.785 -0.084 -0.057 0.219 0.29

Cl -0.067 -0.111 0.04 -0.034 0.014 0.009 0.936

I -0.126 0.475 0.277 0.742 -0.128 -0.026 0.021

HCO3 0.043 -0.037 0.79 0.543 -0.145 -0.005 -0.128

CO3 -0.144 -0.036 0.06 -0.044 -0.025 0.945 -0.015

SO4 -0.241 0.145 -0.237 -0.014 0.815 -0.2 0.274

Eigenvalues 3.002 2.23 2.081 1.733 1.359 1.29 1.002

% of Variance 16.577 16.393 13.769 13.572 12.161 9.776 8.444

Cumulative % 16.577 32.97 46.74 60.311 72.472 82.248 90.691

Q Mode

Sites

S1 -0.424 1.154 0.809 0.902 -1.288 -1.454 -0.993

S2 0.778 -0.119 1.715 -0.835 0.145 0.055 2.946

S3 -1.021 0.329 1.119 -0.527 -1.223 -1.576 -0.485

S4 -0.157 -0.644 -0.509 -1.060 -0.857 -0.893 -0.768

S5 -1.492 -0.621 -1.019 -1.245 -1.042 0.900 1.095

S6 0.787 0.058 -1.052 -0.489 0.249 -0.178 0.538

S7 0.725 -0.087 0.878 -0.687 0.208 -0.179 0.254

S8 2.807 -0.085 0.232 -0.107 -0.269 0.848 -0.627

S9 -0.909 -0.377 0.802 -1.318 0.137 0.831 -0.902

S10 0.759 0.095 0.273 1.275 -0.393 -0.198 -0.567

S11 0.605 -0.329 -0.886 0.128 -0.065 0.025 0.069

S12 -0.232 0.347 -1.442 -0.734 -0.597 1.178 -0.856

S13 0.717 -1.280 -0.207 1.214 -0.463 1.085 -0.874

S14 -1.389 -1.047 0.514 1.860 1.696 0.681 -0.056

S15 -0.656 1.513 0.913 1.023 -1.306 1.949 0.581

S16 0.580 0.417 -0.134 -0.971 1.442 -1.156 -0.702

S17 -0.477 1.840 -1.967 0.099 1.137 -0.006 0.578

S18 -0.178 -1.846 -1.136 1.416 -0.571 -1.661 1.368

S19 -0.780 -1.095 1.006 -0.664 1.764 0.275 -0.896

S20 -0.042 1.778 0.089 0.718 1.297 -0.524 0.299

Values in bold face indicate significant positive loading

Values in italic face indicate significant negative loading
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the base rock and groundwater interaction within the aquifer (Hackley 2002) contribute

Na?, SO4
2- ions to the groundwater (Subba et al. 2014). These are the additional sources

to elevate the concentrations of Na?, SO4
2- ions in the groundwater. The PC6 demon-

strated the high positive values of Mg2? and CO3
- in the S-5, S-8–9, S12–13, S-18

sampling site, indicating ionic exchange geochemistry. The high Mg2? value found in this

PC6, which came from associated limestone rock, led to increase Mg2? value in the area.

Another possible source of Mg2? could be dolomite dissolution (Lasaga 1984). The PC7

represented 8.44% of total variance in the studied groundwater parameters. The very high

positive loading value of Cl- in S-2, S-5 sites, indicating the effect of anthropogenic

factors such as agronomic practices and fertilizer uses and also, the dissolution of fluid

inclusions and evaporates (Jiang et al. 2009).

R-mode CA was applied to predict physico-chemical parameters grouping in the

groundwater samples, and the findings are exhibited in Fig. 7. Ions/parameters belong to

the same cluster, indicating the same source. Seven clusters are found in the study area.

Cluster 1 included EC, which might be explained by natural sources. Cluster 2 consists of

F- showed the weathering of rock into the aquifer. Cluster 3 contains I-, HCO3
-, pH

reflected by the dissolution of carbonate minerals. Cluster 4 donates by the K?, Ca2?, and

Fe indicating rock–water interaction. Cluster 5 explains by the effect of domestic sewage

and agrochemical pollution (Omo-Irabor et al. 2008). Cluster 6 included Mg2? and CO3
-

elucidated by also rock–water interaction in groundwater. Cluster 7 consists of Cl- indi-

cating anthropogenic activities. Despite, some variation in cluster analysis, the CA results

mostly good agreed with that of PCA findings. These results agree with the previous

findings of Bhuiyan et al. (2016) who have shown that clustering analyses are influenced

by both point and nonpoint sources in the Lakshmipur district, Bangladesh.

Q-mode cluster analysis (CA) was used to recognize the spatial resemblances and location

grouping among the sample sites. Similar characteristics and interactions of groundwater

parameters were grouped together a low linkage distances, whereas different parameters

were connected at higher linkage distances. Cluster I has six samples (S-3, S-5, S-9, S-14,

S-15, S-19) at low linkage distance which is linked to cluster II 14 samples (S1–2, S-4, S6–8,

S10–13, S1–18, S-20) at the higher linkage distances (Fig. 8). It is not surprising that most of

the samples follow the high linkage distance rather than low linkage distance.

Fig. 6 a Scree plot of the characteristic roots (eigenvalues) of principal component analysis, b component
plot in rotated space of principal component analysis
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3.4 Status of drinking water quality

The standard values set by WHO (1993), USEPA (1975) and Bangladesh’s standard (DoE

1997) with comparison of studying groundwater samples are displayed in Table 4. From

Table 4, it inferred that all the values of studied groundwater samples indicate suitability

Fig. 7 Dendrogram showing the hierarchical clusters of analyzed parameters. Dashed lines in dendrograms
represent Phenon lines

Table 4 Correlation of groundwater quality of the area with WHO, USEPA and Bangladesh Standards for
drinking purposes

Parameters Standards Concentration Remarks

WHO
(1993)

USEPA
(1975)

DOE
(1997)

Max Min

TDS (mg/l) 1000 – 1000 553.6 104.32 Taste

TH 100 200 500 166.82 147.66 Taste

pH 7.0–8.0 – 8.5 8.7 7.4 Taste

Na (mg/l) 200 200 13.39 9.78 Suitable

K (mg/l) – – 12 0.39 0.20 Suitable

Mg (mg/l) 30 – 30–35 5.37 2.85 Suitable

Ca (mg/l) 75 – 75 58.27 52.61 Suitable

Fe (mg/l) 0.1 0.3 0.3–1.0 1.97 0.20 Unusual taste of water
and human health effect

Cl (mg/l) 250 250 600 40.63 8.47 Suitable

HCO3 (mg/
l)

– – 600 163.78 105.1 Suitable

SO4 (mg/l) 250 250 400 1.77 1.12 Suitable

F (mg/l) 1.0 – 1.0 0.1 0.03 Health dental care effect

I (mg/l) 0.005 – 0.005 0.005 0.001 Health hazard problem
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for drinking purposes and groundwater does not pose any threat to human health according

to WHO and Bangladesh standard except the Fe2?, I- and F- values. The lowest con-

centration of I- may lead to iodine deficiency disorder in human beings living in the study

area (BGS 2000). This finding is quite different to those of the previous study (Hossain

et al. 2010), in which they found good suitability for all samples for drinking water uses in

the northwestern part of Bangladesh.

Groundwater quality index (GWQI) was applied to assess the status of water quality for

drinking water purpose in the study area. The TDS, Na?, Fe Cl-, F- and SO4
2-

ions/parameters are assigned to the maximum weight of 4, while HCO3
- ion is designated

to the minimum weight of 1 for assessing groundwater quality (Srinivasamoorthy et al.

2008). Total 14 parameters/ions of determination were employed to evaluate drinking

water quality (Table 5). The calculated GWQI values of the studied samples were ranged

from 37.22 to 78.03. The value less than 50 means excellent water quality type and 50–100

is a good quality water type, 100–200 poorer quality, and more than 200 indicates very

poor quality of water type for drinking purpose. All the groundwater sample belongs to

excellent to good water quality type (Table 6).

3.5 Status of irrigation water quality

The EC and TDS values were ranged from 163 to 865 us/cm and 104.32 to 553.6 mg/l with

the mean and standard deviation of 422.72 ± 163.72 and 270.48 ± 104.78, respectively

(Table 1). The high TDS values may be due to the ionic exchange and the long residence

time of water. Similar conditions were reported on the Bogra city in the vicinity of the

study area (Zakir et al. 2011).The water containing residual sodium bicarbonate (RSBC)

\5, 5–10 and \10 meq/L are regarded as safe, marginal and unsatisfactory cate-

gories(Gupta and Gupta 1987). The residual sodium bicarbonate (RSBC) values varied

from -1.38 to 0.21 with an average of -0.49, indicating the water is fit for agricultural

uses. The Na? percentage values plotted on Wilcox’s diagram (Wilcox 1955), and all the

sample values varied from 11 to 22 with an average of 14, suggesting good to excellent

quality (Fig. 9). Total hardness (TH) values range from 131 to 178 ppm with a mean value

of 153 ppm of CaCO3 (Table 7). Kelley’s ratio (Kelley 1963) (KR) showed an equal

balance between Na?, Ca2? and Mg2? ions in the samples. When KR ratio[1, it indicates

Table 5 Relative weight of
chemical parameters for ground-
water quality index

Parameters Standard (BMAC) Weight (wi) Relative weight (Wi)

pH 8.5 4 0.117647

TDS 100 4 0.117647

Na 200 4 0.117647

K 12 2 0.058824

Ca 75 2 0.058824

Mg 35 2 0.058824

Fe 1 4 0.117647

F 1 4 0.117647

Cl 250 3 0.088235

SO4 400 4 0.117647

HCO3 – 1 0.029412
P

wi = 34
P

Wi = 1
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Fig. 8 Dendrogram showing the hierarchical clusters of analyzed samples site. Dashed lines in
dendrograms represent Phenon lines

Table 6 Classification of drink-
ing water type based on ground-
water quality index (GWQI)
values

Sample ID GWQI Type of water

S1 78.03 G

S2 67.93 G

S3 57.83 G

S4 58.37 G

S5 39.05 E

S6 65.34 G

S7 60.82 G

S8 85.86 G

S9 45.08 E

S10 70.81 G

S11 57.17 G

S12 51.71 G

S13 63.65 G

S14 37.22 E

S15 63.27 G

S16 73.82 G

S17 57.22 G

S18 47.53 E

S19 46.06 E

S20 57.78 G
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additional Na? presence in the samples. KR values \1 in all the samples, suggesting

excellent irrigation water quality. In the present study, MAR values were varied from 6.23

to 15.76 with a mean value of 10.92, depicting no harmful effect to soil for irrigation in the

area (Table 7). The results showed that Mg/Ca ratios were varied from 0.07 to 0.19 with an

average of 0.12. Similarly, Na/Ca ratio was varied from 0.15 to 0.31 with a mean value of

0.20. Both results suggest the groundwater free from threat of soil infiltration problem. The

Na/Ca and Mg/Ca ratios \3 indicate no threat of infiltration problem for groundwater

(Table 7). These irrigation quality indices results are consistent with the findings of Sarkar

and Hassan 2006; Islam and Shamsad 2009; Hakim et al. 2009, where they found in

northwestern, western part and northern part of the Bangladesh. But in these studies EC,

TH, RSBC values are only observed to be fit for agricultural purposes, and this study meets

suitability for all irrigation water indices in the Joypurhat district.

The sodium adsorption ratio (SAR) is usually considered as a robust index for irrigated

agricultural practices (Ayers and Westcot 1985). The SAR values were ranged from 0.34

and 0.65 with an average of 0.43, showing excellent quality water for irrigation uses

(Table 7). A similar condition was reported by Rahman et al. (2017) in the western part of

Rajshahi district. In contrast, Mridha et al. (1996) and Khan et al. (1989) stated that slightly

higher SAR values found in the Barind area, especially in Natore district and the

Table 7 Irrigation quality indices values for the groundwater samples

Sample ID SAR RSBC SSP PI MAR KR Na % TH (ppm) Mg:Ca Na:Ca

S1 0.35 -0.08 12.63 60.04 8.30 0.14 12.37 150.28 0.09 0.15

S2 0.44 -0.32 15.46 59.73 7.51 0.18 15.28 148.34 0.08 0.19

S3 0.37 -0.24 13.11 58.85 7.01 0.15 12.95 153.07 0.08 0.16

S4 0.38 -0.72 13.62 54.37 9.57 0.16 13.49 147.66 0.11 0.17

S5 0.35 -0.91 12.51 49.83 14.35 0.14 12.38 153.14 0.17 0.16

S6 0.40 -0.81 13.79 51.68 12.89 0.16 13.61 157.92 0.15 0.18

S7 0.38 -0.57 13.49 55.41 8.39 0.15 13.33 155.55 0.09 0.17

S8 0.42 -0.56 14.41 54.70 10.36 0.17 14.22 162.12 0.12 0.18

S9 0.47 -0.62 16.18 55.94 10.76 0.19 16.05 151.86 0.12 0.21

S10 0.40 -0.18 14.05 58.89 9.40 0.16 13.84 154.86 0.10 0.18

S11 0.38 -0.68 13.14 52.93 11.59 0.15 12.95 158.54 0.13 0.17

S12 0.34 -1.09 11.92 47.19 13.38 0.13 11.70 166.82 0.15 0.15

S13 0.47 0.17 16.81 64.69 15.60 0.20 16.63 135.82 0.18 0.24

S14 0.57 0.21 19.90 67.97 10.50 0.25 19.78 134.60 0.12 0.28

S15 0.34 -0.07 12.03 55.85 15.76 0.13 11.76 164.22 0.19 0.16

S16 0.53 -0.97 17.66 54.36 6.23 0.21 17.49 156.99 0.07 0.23

S17 0.48 -1.38 15.39 45.57 15.49 0.18 15.16 178.31 0.18 0.21

S18 0.41 -0.18 15.00 60.42 15.37 0.18 14.90 136.20 0.18 0.21

S19 0.65 0.03 22.29 68.49 7.74 0.28 22.15 131.69 0.08 0.31

S20 0.44 -0.85 14.87 52.72 8.13 0.17 14.60 166.29 0.09 0.19

Min 0.34 -1.38 11.92 45.57 6.23 0.13 11.70 131.69 0.07 0.15

Max 0.65 0.21 22.29 68.49 15.76 0.28 22.15 178.31 0.19 0.31

Mean 0.43 -0.49 14.91 56.48 10.92 0.17 14.73 153.21 0.12 0.20
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northwestern region of Bangladesh compared to the present study. The obtained water data

were plotted on the salinity diagram by Richards (1954) demonstrated that more than 90%

of the studied samples fall in the categories of C2 S1, suggesting intermediate salinity and

small sodium hazard for irrigation purposes (Fig. 10). WHO (1998) reported that the

suitability of water for irrigation was based on the PI (permeability index). Three water

classes are used on the Doneen chart (1964): class I is good quality of irrigation water and

is regarded low PI; class II is intermediate quality which is suitable for irrigation, while

class III is absolutely unfit for irrigation. The PI values were varied from 45 to 68% with a

mean value of 56% (Table 7). According to PI values, the groundwater falls into class II

(more than 90%) that indicates the best quality of the water for irrigation uses (Fig. 11).

3.6 Spatial analysis

The IDW interpolation technique was used to generate the spatial distribution maps of each

parameter of groundwater dataset for this study. Many researchers, including Hossain et al.

(2007); Adhikary et al. (2010); Bhattacharya et al. (2011); Gorai and Kumar (2013);

Bodrud-Doza et al. (2016) and Islam et al. (2017), have discussed the spatial variability of

groundwater quality in different regions of the world. The spatial distribution maps of

GWQI showed the excellent water quality values in the central and southern part, and poor

quality values exhibited in the southeastern and southern region of the study area (Fig. 12).

Poor quality water may be due to leaching of ions, rapid infiltration of rainwater into the

groundwater system, direct discharge of effluents in the aquifer. Such finding is echoed by

the similar work of Islam et al. (2015), where the poor water quality observes in several

locations of the northern Bogra district, Bangladesh, indicating detrital health effected by

using drinking water. The spatial map of EC revealed that the northern part was observed

much higher groundwater salinity than the southern one. Moreover, the high EC values

Fig. 9 Wilcox (1955) diagrams showing the rating of groundwater samples for irrigation purposes
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were found in the northern region of the basin (Fig. 13a). This means that the shallow

groundwater table condition with upstream drainage basin may be working as a con-

tributing factor of the higher EC values. Further, the central part was influenced by the high

salinity level due to leaching of Chiri river flow into the groundwater aquifer. The high Fe

values were detected in the western region, while low Fe values were found in central and

eastern part (Fig. 13b). The dissolution of lithogenic materials by penetrating water, car-

bonate rock and water interaction is the main reason for high Fe values (Singh et al. 2011).

Fig. 10 US salinity laboratory’s (1954) plots for groundwater of the study area

Fig. 11 Permeability Index (Doneen 1964) plots for groundwater of the study area
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It was noticed that the highest SAR values were evident in the western and southern part,

whereas the low SAR values were found in the western part (Fig. 13c). The spatial map of

TH is alike to that of SAR distribution map. The higher TH values found in the southern

part, and lower TH values in the western and eastern part (Fig. 13d). High TH values are

possibly due to complex ionic exchange development within an aquifer system. The

finding is in good agreement with the result of Bahar and Reza (2010), who conducted the

groundwater quality study in the southeastern Bangladesh. However, the source of these

elevated TH values deserves further investigated (Fig. 13).

Fig. 12 Spatial distribution of GWQI values of groundwater samples in the study area

Fig. 13 Spatial analysis of groundwater samples in the study area, a distribution of EC values, b spatial
distribution of Fe, c distribution of SAR values, d distribution of TH values
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4 Conclusion

In the present study, descriptive statistics, multivariate statistical technique and geo-

chemical technique were applied to assess the major factors controlling in groundwater

quality and its sustainability at the Joypurhat district of Bangladesh. The statistical results

demonstrated that the abundance of major cations was in the order of Ca2?[Na?[
Mg2?[K?, while the dominant major anions trend in the study area was in the following

order: HCO3
-[Cl-[CO3

-[SO4
-[F-[ I-. The major water type of the ground-

water is Ca–Mg–HCO3 hydro-chemical facies. The Gibbs diagrams showed that ground-

water chemistry is mostly rock-dominance zone in the study area. Seven PCA were

extracted from groundwater quality parameters that represented 90.69% of total variance.

The geogenic processes (rock weathering and ionic exchange) followed by anthropogenic

factors (domestic waste, agricultural fertilizers and agrochemical) were responsible for

governing the groundwater chemistry. The outcomes of these processes are validated by

using the cluster analysis (CA) and correlation matrix (CM) analysis. An assessment of

groundwater quality for using GWQI revealed that all the sampling locations are excellent

to good quality water for drinking uses in the study area. Although groundwater is mostly

suited for human consumption, the excessive iron and insignificant amount of fluoride and

iodide concentrations are the main contaminants which could create a health problem.

Thus, the proper remedial measures should be required to these parameters to prevent the

more contamination of groundwater. On the other hand, the results of irrigation water

quality index such SAR, Na %, and PI indicated that the sampling groundwater fits for

agriculture uses.

However, the jeopardizing impact on groundwater quality of limited data is one of the

main hindrances for sustainable resource allocation. The spatial distribution maps of the

studied samples can provide a reliable information for local decision makers in a more

sustainable way. Sustainability of groundwater quality can be achieved by incorporating

the management of groundwater and surface water, including effects on groundwater-

driven aquifer system; integrating a long-term strategy; harmonizing relation between the

environment, society and economy. It is anticipated that this study provides adequate

primary information on physico-chemical parameters, water quality indices, probable

source of ions, factors contributing the groundwater quality and spatial variability of

Joypurhat district in Bangladesh. This study will be a useful guide for policy makers to

take appropriate initiatives for sustainable groundwater quality management.
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