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ABSTRACT

With the aim of improving public health interventions, this study was con-
ducted to ensure sustainable groundwater quality by adopting Geographical
Information System (GIS) and Water Quality Index (WQI) for drinking pur-
poses in Paikara Union, Kalihati Upazila of Bangladesh. Fifteen groundwater
samples were randomly collected from different hand tubewells in April 2019
and analyzed for pH, electrical conductivity (EC), total dissolved solids (TDS),
total hardness (TH), major cations and anions. Almost all physicochemical
parameters fell within the acceptable limit of national and international stan-
dards, though a few samples exceeded the standard limit considering As +

3 ,
Fe +

3 and PO 3–
4 concentrations. The spatial distribution of the quality param-

eters across the study area was depicted employing ArcGIS 10.5 software;
therein it was revealed that slightly acidic water is dominant in the central
and southern parts. Overall, TH–total cation, Cl–NO3, total anion–NO3 and
total anion–Cl show a very strong correlation, and contrarily, the pairs of pH,
EC, TDS are poorly correlated with most of the variables and no remarkable
relationship is found between pH and TH. Furthermore, WQI of the samples
ranged from 20.42 to 143.36, with 73.7, 24.1, and 2.2% of the entire study area
falling under excellent, good, and poor quality categories for drinking pur-
poses, respectively. From the results, it can be inferred that the groundwater
of the study area is suitable for drinking purposes but awareness-raising on
chemical contents in the water at the household level is recommended.
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1 Introduction
Water is regarded as one of the most fundamental
resources for life on the earth, whereas a little ac-
cessible water (surface water and groundwater) is
considered as consumable. In global aspects, around
33% of the total population utilizes groundwater for
drinking purposes with or without treatment (Nick-
son et al., 2005). In Bangladesh, around 90% of drink-
ing water originates from groundwater sources with
no treatment (Shahid et al., 2006; Shariot-Ullah, 2018).
Groundwater quality has become a major concern in

Bangladesh as the quality of groundwater is a precur-
sor of its usage potential for different purposes (i.e.,
drinking, irrigation, and domestic purposes) (Kumar
et al., 2008; Subramani et al., 2005). The sustainability
of groundwater quality with regards to Bangladesh is
emphasized and featured with critical significance in
recent literature (Raihan and Alam, 2008; Bahar and
Reza, 2010; Hossain et al., 2010; Biswas et al., 2014;
Bhuiyan et al., 2014; Islam et al., 2017a). The assess-
ment of groundwater quality is not just important to
know its grade but it is vital for planning any man-
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agement strategy to meet the current and future de-
mands. The quality of world water resources is being
significantly influenced by the geological formation
and intensified anthropogenic exploitation (Causape
et al., 2004). For specific use, water quality refers to
the characteristics influencing its suitability on the
basis of quality parameters (i.e., physical, chemical,
and microbiological), and human health is at risk if
the value of the parameters exceeds acceptable limits.
In many developing countries, lack of clean drinking
water is adversely affecting human health including
their life expectancy (Nash and McCall, 1995). As
human health is directly related to the quality of con-
sumed water, appraisal of groundwater suitability for
drinking purposes is a crucial need.

Characterization and monitoring of groundwa-
ter chemistry is a critical component of management
and protection, which provides the basis for defin-
ing the suitability of groundwater for its intended
purpose. As groundwater moves along its path
from one aquifer to another area, a variety of hydro-
geochemical processes alters its chemical composi-
tion. So, appraisal of groundwater composition and
its interpretation is very important for the evalua-
tion of its suitability for drinking purposes (Jiang
et al., 2009). In most cases, a large number of hydro-
chemical parameters are usually used to assess the
water quality status, whereas some parameters might
be within the guideline limits but others might be
not, then the overall quality of water is ambiguous.
Thus, modern approaches such as Geographical Infor-
mation System (GIS) and Water Quality Index (WQI)
are suggested for the appraisal of spatial variation
of physicochemical parameters and effective charac-
terization of water quality, respectively (Islam et al.,
2017b; Moharir et al., 2019; Pandey et al., 2020). The
WQI was first developed by Horton in 1965 to rate wa-
ter quality by employing the most regularly used wa-
ter parameters (Ochuko et al., 2014). The method was
subsequently modified by different experts consid-
ering the weights of water quality parameters based
on its respective WHO (World Health Organization)
standards, and the assigned weight indicates the pa-
rameter’s significance and impacts on the index. A
usual WQI method follows three steps (1) parameters
selection, (2) evaluation of quality function for each
parameter, and (3) aggregation through mathematical
equation (Tyagi et al., 2020), providing a single num-
ber that represents overall water quality at a certain
location and time based on physicochemical param-
eters. The present study used a weighted arithmetic
WQI method to deliver the water quality information
to the policymakers of a resource-poor country like
Bangladesh where ensuring availability and sustain-
able management of water is one of the challenging
matters towards development.

In global aspects, some leading researchers (El-
hatip et al., 2003; Lee et al., 2003; Singh et al., 2009;

Jacintha et al., 2016; Javed et al., 2019; Moharir et al.,
2019; Pande et al., 2019) have demonstrated that
groundwater quality has been deteriorated notice-
ably in many countries during the past few years.
Especially, in Bangladesh, a few works have been con-
ducted on the evaluation of the quality of groundwa-
ter for domestic purposes over the past years (Islam
et al., 2017a,b; Das et al., 2019; Yasmin et al., 2019;
Iqbal et al., 2020), and interestingly most of the re-
searches are concentrated in few cities, although the
quality of groundwater varies with the location and
habits of the population. However, to the best of our
knowledge, in the Kalihati Upazila of Bangladesh,
no specific research work relating to the quality of
groundwater for drinking purposes has been con-
ducted yet, and the people of this area are entirely
dependent on groundwater especially for drinking
purposes. Therefore, considering the risk of con-
taminated groundwater to public health, we aim to
map the groundwater quality concentration using
GIS technique and to assess the groundwater quality
for drinking by employing WQI with correlation ma-
trix analysis in our area of interest, i.e., Paikara Union,
Kalihati Upazila of Bangladesh.

2 Materials and Methods

Systematic methodology involving detailed field and
laboratory study has been adopted to conduct the
current study, as portrayed in Fig. 1.

2.1 Study site

Fig. 2 depicts the study area named Paikara Union lo-
cated at Kalihati Upazila under the Tangail District of
Bangladesh. Geographically, it is positioned between
24°18′40′′ N to 24°24′0′′ N latitude and 89°46′40′′ E
to 90°5′20′′ E longitude. The investigated region cov-
ers up about 18.10 km2 area in the Kalihati Upazila,
which is vulnerable to various potential threats, such
as growing population, rapid urbanization, and small
industries. The major river systems flowing through
the Upazila are Jamuna, Dhaleshwari, and Louhajang
Rivers of Bangladesh, as portrayed in Fig. 2b. The
climate of Tangail District is characterized by tropical
to subtropical with hot summer monsoon. The an-
nual mean temperature of the study site is about 25.5
°C, while the annual precipitation is around 1872 mm.
The targeted domain is located at a lower shallow
younger Jamuna aquifer system, which is confined
to semi-confined in nature occupying within the grey
non-indurated alluvial sediments of the Dhamrai For-
mation originated in Plio-Pleistocene age. The aquifer
system is divided into thick semi-consolidated to the
unconsolidated formation (Zahid and Ahmed, 2006).
The groundwater quality may be affected by the geol-
ogy of the investigated area. The local people in the



Jahan et al. Fundam Appl Agric 5(4): 521–536, 2020 523

Study site selection

In situ ground water sampling (GPS survey)

Laboratory analysis

Statistical analysis of 
physicochemical parameters 

Comparison of water quality 
parameters with WHO and 
Bangladesh standards for 

drinking purposes

Pearson’s correlation 
matrix of different 
quality parameters

Water quality index 
(WQI) estimation

Geo-database

IDW interpolation

Spatial distribution mapping by GIS 

Interpretation and discussion

Figure 1. Flow chart on the schematic methodology adopted for the current study

Figure 2. (a) Kalihati Upazila shown in the map of Bangladesh, (b) Study area with sampling stations
elucidated in the map of Kalihati Upazila
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study area are fully dependent on the groundwater
for their daily life, especially for drinking purposes.

2.2 Water sample collection and analysis

Fifteen groundwater samples were randomly col-
lected from different hand tubewells covering the
entire study area in April 2019, and the location of
sampling stations was taken by hand GPS (Global
Positioning System). The depth of sampled wells
ranged from 9 to 36 m. The samples were collected
in bottles of 500 mL pre-washed with dilute HCl acid
and rinsed three times with the water sample before
filling and labeled accordingly. The samples were
kept at a temperature below 4°C prior to examination
in the laboratory, and before chemical analysis, the
samples were filtered through filter paper (Whatman
No. 1) to expel undesirable solids and suspended ma-
terials. The analysis of groundwater samples was per-
formed in the laboratory of the Department of Agri-
cultural Chemistry, and Interdisciplinary Institute
for Food Security, Bangladesh Agricultural Univer-
sity, Bangladesh, as per standard procedures (APHA,
2005). It included the analysis of pH, electrical con-
ductivity (EC), total dissolved solids (TDS), total hard-
ness (TH) and major ionic constituents like calcium
(Ca +

2 ), magnesium (Mg +
2 ), sodium (Na+), potassium

(K+), arsenic (As +
3 ), iron (Fe +

3 ), chloride (Cl−), sul-
fate (SO 2–

4 ), nitrate (NO –
3 ), alkalinity as bicarbonate

(HCO –
3 ) and phosphate (PO 3–

4 ). pH values of the sam-
ples were measured by taking 50 mL of water in a
beaker and then placing the electrode of the pH meter
into the samples as mentioned by Singh and Narain
(1980), whereas EC was assessed by taking 100 mL
of collected water in a beaker and then immersing
the electrode of conductivity meter into the water
sample based on the technique prescribed by Ten-
don (1993). The procedure as suggested by Chopra
and Kanwar (1976) enabled the assessment of TDS
by weighing the remaining after evaporation of 100
mL water sample to dryness. The concentration of Ca
and Mg ions were analyzed by a complex metric titra-
tion method using Na2EDTA (Disodium Ethylenedi-
aminetetraacetic Acid) as a titrant. As and Cl con-
centrations were measured by performing a titration
test using AgNO3, whereas HCO –

3 was analyzed titri-
metrically against standard HCl acid solution (0.01
N). Flame Photometer determined Na and K contents
and spectrophotometer was used for analyzing Fe +

3 ,
SO 2–

4 and NO –
3 concentrations. TH, the hardness of

the mineral content of water that is irreversible by
boiling, was calculated by the following equation
(Sawyer and McCarty, 1967):

TH = (2.5×Ca +
2 ) + (4.1×Mg +

2 ) (1)

where, TH and all the ions are expressed in mg L−1

or ppm.

2.3 Spatial distribution mapping

GIS technique is widely utilized for environmental
management and monitoring (Burrough et al., 2015;
Ketata et al., 2011) in an all-encompassing way con-
sidering the spatio-temporal variation which is very
much essential in both the evaluation and decision-
making purposes (Mtetwa and Schutte, 2002; ESRI,
1996). ArcGIS 10.5 software was used to explore the
spatial distribution of different physicochemical pa-
rameters of groundwater employing the IDW tech-
nique (APHA, 2005; Robinson and Metternicht, 2006),
a type of deterministic methods for multivariate inter-
polation used to predict a value of any unmeasured
or un-sampled location employing a set of measured
values. A weighted average of the values available at
the known points enabled estimation of the assigned
values to unknown points. The resolution of raster
maps used for depicting the spatial pattern of the
physicochemical parameters and WQI was 10 m × 10
m.

2.4 Correlation analysis of water samples

Pearson’s correlation coefficient matrix (r) was used
to assess the relationship between the physicochemi-
cal parameters of the groundwater (Javed et al., 2019).
The value of r nearer to +1 or −1 represents the per-
fect linear relationship between the two variables
(al hadithi, 2012), while zero reveals no connection
between the parameters (Srivastava and Ramanathan,
2007). If the value of r is more than 0.7, it is considered
as strongly correlated, whereas if its value extends
from 0.5 to 0.7, the parameters are moderately corre-
lated, and in case of negative value, it implies that
the value of one parameter is diminishing with the
expansion in another parameter (Giridharan et al.,
2007).

2.5 Calculation of water quality index

Water quality index (WQI) analysis demonstrates a
comprehensive picture of groundwater quality. It is
defined as a rating system with a single value expres-
sion that elucidates the influences of different water
quality parameters (Sahu and Sikdar, 2007) to assess
groundwater quality and its suitability for drinking
purpose (Tiwari and Mishra, 1985; Ramakrishnaiah
et al., 2009; Pawar et al., 2014; Al-Omran et al., 2015;
Boateng et al., 2016). WQI was computed following
the method of Tyagi et al. (2020). In this approach, in
the first step, relative weight is calculated by using
the following Equation (2):

Wi =
wi

∑n
i=1 wi

(2)

where, Wi is the relative weight of the ith parameter,
wi is the assigned weight of each parameter, and n is
the number of parameters.
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In the second step, the quality rating scale for each
parameter is calculated by employing the following
Equation (3):

qi =
ci
si
× 100 (3)

where, qi is the quality rating, ci is the concentration
(ppm) or value of each parameter, and si the WHO
(World Health Organization) standard of drinking
water for each respective parameter in ppm.

In the third step, for computing the WQI, sub-
index (SI) is calculated for each respective parameter
using the following Equation (4) and finally, WQI is
then calculated from the following Equation (5).

SIi = Wi × qi (4)

WQI = ∑ SI (5)

3 Results and Discussion

Understanding groundwater chemistry is necessary
as it is one of the imperative factors in deciding its rea-
sonableness for drinking, domestic, agricultural, and
industrial purposes (Subramani et al., 2005). The in-
sights of the physicochemical parameters of the exper-
imented fifteen groundwater samples are statistically
given in Table 1. These results are comprehensively
discussed in the subsequent sections.

3.1 Drinking water quality indices

3.1.1 pH

One of the most important water parameters is pH
which indicates the strength of the water to react with
the acidic or alkaline material present in water. The
analyzed pH value of the samples is distributed from
5.51 to 7.53 while the average value is 6.14, satisfying
the range of WHO Standard (2017) and Bangladesh
Standard (1997), presented in Table 1. This result of
groundwater pH was partially in agreement with the
findings of Yasmin et al. (2019), where they found that
only 1.66% of groundwater samples in the Barishal
district of Bangladesh exceeded the acceptable limit
of national standard and no sample exceeded the al-
lowable limit of WHO Standard (2017). The spatial
distribution of groundwater pH across the study area
is depicted in Fig. 3a, wherein it revealed that slightly
acidic water was observed in the central and southern
parts of the area. It might be due to the presence of
low alkalinity in groundwater as a lack of alkaline
substances in the groundwater system helps in the
accumulation of acidity in the groundwater (Zhou
et al., 2015; Das et al., 2019).

3.1.2 EC

EC is a measure of water capacity to convey electric
current, which may be affected by temperature and
ionic concentration present in the water. It represents
the amount of total dissolved solids in groundwater.
The range of EC of the experimented water samples
varied from 115.70 to 458.00 µS cm−1 with the mean
value of 266.31 µS cm1 (Table 1). On the basis of
EC values, the study revealed that the quality of the
groundwater is permissible for drinking as no sam-
ple exceeded the allowable limits of Bangladesh and
international standards. The spatial distribution of
groundwater EC across the study area is shown in
Fig. 3b, which indicates relatively higher EC at the
northeastern and southwestern parts, consistent with
the findings of Islam et al. (2017a), who conducted
an investigation in Joypurhat district of Bangladesh
for assessing groundwater quality considering its sus-
tainability. Overall, a moderate EC value persisted
across the study area.

3.1.3 TDS

TDS in groundwater, varying considerably in differ-
ent geological regions, represents the dominancy of
the solubility of minerals (WHO Standard, 2017). TDS
of the samples ranged from 48 to 182 ppm with an
average value of 83.40 ppm and is within the pre-
scribed limits, presented in Table 1. The classification
of drinking groundwater samples based on TDS is
presented in Table 2, thus indicating that the water
can be used for drinking without any risk as the ex-
perimented TDS is in agreement with the prescribed
classification by Davis and Dewiest (1966) and the
findings of Yasmin et al. (2019). The spatial pattern
of TDS is depicted in Fig. 3c, demonstrating that a
low TDS signature of groundwater persisted across
the study area, which could be due to the presence of
lower salt contents leached from the soil. This result
of the spatial distribution of TDS was in agreement
with the findings of Das et al. (2019) as the almost
same pattern persisted across their study area in Dur-
gapur upazila of Bangladesh.

3.1.4 TH

Hardness of water is resulted due to the abundance
of divalent cations like Ca and Mg (Todd and Mays,
2004). TH as CaCO3 of the groundwater samples
ranged from 33.95 to 189.66 ppm with an aver-
age value of 67.34 ppm (Table 1), revealing that
only 13.33% groundwater samples exceeded the ac-
ceptable limit of WHO Standard (2017) and there
was no sample that exceeded the allowable limit of
Bangladesh Standard (1997). The classification of
drinking groundwater samples based on TH is pre-
sented in Table 2; therein it was found that 53.33%
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Table 1. Statistical analysis of physicochemical parameters with standards for groundwater samples

Parameter Minimum Maximum Average SD WHO standard † BD standard ‡

pH 5.51 7.53 6.14 0.59 6.5 – 8.5 6.5 – 8.5
EC (µS cm−1) 115.7 458 266.31 109.34 500 1000
TDS (ppm) 48 182 83.4 33.71 500 1000
Calcium (ppm) 2.41 24.05 12.77 6.15 75 75
Magnesium (ppm) 0.97 31.6 8.63 8.8 50 30–35
Sodium (ppm) 3.1 18.63 5.99 4.09 200 200
Potassium (ppm) 0.31 2.39 0.84 0.64 10 12
Arsenic (ppm) 0 0.04 0.007 0.01 <0.01 0.05
Iron (ppm) 0.1 4.2 0.98 1.18 0.3 0.3–1.0
Chloride (ppm) 5.98 65.46 24.53 16.81 250 150 - 600
Sulphate (ppm) 0.19 7.05 2.06 1.77 250 400
Nitrate (ppm) 0.87 11.09 3.36 2.97 45 10
Bicarbonate (ppm) 152.22 305.37 205.81 49.44 500 600
Phosphate (ppm) 0.02 0.52 0.19 0.16 0.5 6
TH (ppm) 33.95 189.66 67.34 42.26 100 200 - 500
† WHO standard (2017); ‡ Bangladesh standard (1997); EC = electrical conductivity, TDS = total dissolved
solids, and TH = total hardness

Table 2. Classification of drinking groundwater samples based on different parameters

Range of different parameters Water class with its developer No. of sample % of sample

TDS (ppm) Davis and Dewiest (1966)
<500 Desirable for drinking 15 100
500 – 1000 Permissible for drinking – –
1000 – 3000 Useful for drinking – –
>3000 Unfit for drinking – –

Hardness (ppm) Raghunath (1987)
0 – 50 Soft 5 33.33
51 – 100 Slightly hard 8 53.33
101 – 200 Moderately hard 2 13.33
201 – 500 Very hard – –

Hardness (TH as CaCO3 (ppm)) Sawyer and McCarty (1967)
<75 Soft 13 86.67
75 – 150 Moderately hard 1 6.66
150 – 300 Hard 1 6.66
>300 Very hard – –

TDS = total dissolved solids, TH = total hardness
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of the samples fell in the slightly hard water cate-
gory according to Raghunath (1987) and 86.67% of
the samples were in the soft water category based
on Sawyer and McCarty (1967), thus indicating that
almost all the groundwater samples analyzed are
potable. Fig. 3d elucidates the spatial distribution
of TH across the study area revealing that the occur-
rence of hard groundwater was seen in the central
and western parts and a decreasing trend in TH was
evident towards the southern part.

3.2 Cation conc. in drinking water

Calcium (Ca) is one of the foremost abundant sub-
stances in the freshwater, which plays a significant
role in physiology and biochemistry of the cell and
organisms. Utilization of water which is higher in
the concentration of the Ca appears negative effects
on human health, such as stones in kidneys, bone
weakness, and hypercalcemia, etc. (Kumar et al.,
2020). The minimum concentration of Ca content in
the study area is 2.4 ppm while the maximum value
is 24.05 ppm with an average of 12.77 ppm, revealing
that all the experimented samples fell within the al-
lowable limit of national and international standards
for drinking purpose (Table 1). The spatial pattern
of Ca ion concentration across the study area is de-
picted in Fig. 4a revealing that a higher concentration
was evident in the northern part, which might have
resulted in the carbonate weathering of alluvial sedi-
ments besides agricultural waste runoff (Kumar et al.,
2020), and contrarily, a comparatively lower concen-
tration was observed in the southeastern part of the
study area.

Magnesium (Mg) is a vital element for human be-
ings which is instrumental in normal bone structure
along with Ca content in the body. The presence of
higher concentrations of Mg and Ca contents are re-
garded as hard water which is undesirable for drink-
ing purposes (Selvam et al., 2017). Mg content of
the samples ranged from 0.97 to 31.60 ppm with an
average of 8.63 ppm. All the samples were within
the allowable limit of national and international stan-
dards, presented in Table 1. The spatial distribution of
Mg content across the study area is shown in Fig. 4b
demonstrating that relatively higher concentration
was observed at the central and northeastern parts
and overall, a lower concentration persists across the
study area. The relatively higher concentration of the
Mg content in groundwater might be due to the water
circulation, which makes a condition for the dissolu-
tion of Mg element from the host grey non-indurated
alluvial sediments of the aquifer systems.

Groundwater is usually described by the basic
appearance of sodium (Na) since soil/rock contains
Na content, which is among the major cations and
is moreover present in most of the natural water re-
sources (Pandey et al., 2020). Also, without the ap-

praisal of Na content, no specific conclusion can be
drawn about the possible association among chemi-
cal components in drinking water and the occurrence
of hypertension. However, concentrations of more
than 200 ppm as prescribed by WHO may give rise
to unacceptable taste. The concentration of Na within
the study area ranges between 3.10 ppm - 18.63 ppm,
and it was evident that all samples fell within the per-
missible limits given by WHO Standard (2017) and
Bangladesh Standard (1997) with an average value of
5.99 ppm (Table 1). Fig. 4c depicts the spatial distri-
bution of Na content across the study area exhibiting
relatively higher concentration at the central part and
overall, a lower concentration was found across the
study area. The relatively higher concentration of Na,
although within prescribed limits for drinking pur-
poses, might have resulted from the overabundance
utilization of fertilizers in the agricultural land and by
the action of leached water while percolating through
the sedimentary rocks.

Potassium (K) concentration determined in this
work ranged from 0.31 to 2.39 ppm with an average
of 0.84 ppm. The targeted zone can be expressed as
low K concentrations as all samples were within the
allowable limits (Table 1). The spatial pattern of K
content across the study area is elucidated in Fig. 4d
demonstrating that a decreasing trend was evident
from northeastern towards the southwestern part.

Arsenic (As) is poisonous when its intake exceeds
the limit of tolerance. People suffer from arsenico-
sis after consuming arsenic-contaminated water year
after year. Based on the investigated As contents, it
was evident that all the samples fell within the al-
lowable limit of Bangladesh Standard (1997) with an
average of 0.007 ppm, whereas on the basis of WHO
Standard (2017), 33.33% of the experimented samples
showed the presence of As content beyond the safe
limit (<0.01 ppm), and other remaining samples were
found to be As-free (Table 1). Fig. 4e illustrates the
spatial distribution of As content across the study
area, revealing that only one sampling site fell under
the area of relatively higher concentration at the cen-
tral part but within the allowable limit, and overall, a
very low concentration persists across the study area.

Iron (Fe) is an essential element in human nutri-
tion as the taste of water is not usually noticeable at Fe
concentrations less than 0.3 ppm; also, laundry and
sanitary ware will stain at iron concentrations higher
0.3 ppm (Vasudevan et al., 2009). The concentration
of Fe content has been noted to be generally relatively
higher throughout the study area, varying from 0.1
to 4.2 ppm with an average of 0.98 ppm (Table 1),
wherein it was found that 40% and 66.67% of the
drinking water samples were within the allowable
limits. The spatial pattern of Fe content across the
study area is depicted in Fig. 4f, demonstrating that
a relatively higher concentration was evident in the
central part, whereas a decreasing trend was found
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Figure 3. Spatial distribution of (a) pH (b) (EC) (µS cm−1) (c) TDS (ppm), and (d) TH (ppm) of groundwater in
the study area
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Figure 4. Spatial distribution of (a) Ca (b) Mg (c) Na (d) K (e) As, and (f) Fe contents in ppm of groundwater in
the study area

from the southeastern towards the northern part. The
occurrence of a higher concentration of Fe content in
groundwater might be due to the natural weather-
ing of Fe content in grey non-indurated alluvial sedi-
ments, which is geologically present in the aquifer sys-
tems of the investigated zone. The relatively higher
concentration of Fe content in the groundwater may
accelerate the growth of pathogenic organisms (An-
drews et al., 2003).

3.3 Anion conc. in drinking water

Chloride (Cl) occurs in all the natural water sources
with changing concentration. The increment of min-
eral content enables to increase the concentration Cl
concentration in water (Sawyer and McCarty, 1967).
Cl content is one of the vital parameters in assessing
groundwater quality where the higher concentration
of the Cl element signifies a higher grade of organic
pollutants (Singh and Khan, 2011). Cl content of the
investigated water samples laid within the acceptable
limit of 250 ppm based on WHO Standard (2017) and
allowable drinking limit of 150–600 ppm based on
Bangladesh Standard (1997) with an average of 24.53
ppm (Table 1). Fig. 5a illustrates the spatial distribu-
tion of Cl content across the study area, wherein it
was observed that relatively lower concentration was
persisted across the targeted domain excepting the
southwestern part.

The concentration of sulphate SO 2–
4 is likely to re-

act with human organs if the value exceeds the accept-
able limit for drinking purposes. The experimented
sulphate content ranged from 0.19 to 7.05 ppm with
an average of 2.06 ppm (Table 1) revealing that all the
sampling stations were observed within prescribed
limits posing no groundwater quality problem. The
spatial pattern of sulphate content across the study
area is elucidated in Fig. 5b portraying that higher
concentration was evident in the southwestern part
but within the allowable limit, and overall, a low
concentration was found across the study area and
a decreasing trend was observed from the north to
the southeastern part. The result is in agreement with
the findings of Amadi et al. (1989), where they found
comparatively lower values across the area and it
could be due to the removal of sulphate from the
water by bacteria.

The nitrate ion NO –
3 concentration varied from

0.87 to 11.09 ppm with an average of 3.36 ppm, pre-
sented in Table 1, revealing that none of the samples
exceeded the acceptable limit of international stan-
dard for drinking but in case of national, only one
sample out of the investigated fifteen groundwater
samples exceeded the acceptable drinking water limit.
This result is in agreement with the findings of Yas-
min et al. (2019), where they found that the ground-
water was fit for drinking on the basis of observed
nitrate contents. Fig. 5c portrays the spatial pattern of



Jahan et al. Fundam Appl Agric 5(4): 521–536, 2020 530

Table 3. Pearson’s correlation matrix of different important physicochemical parameters of the drinking
groundwater samples

Parameters pH EC TDS TH As Fe Cl SO4 NO3 TotCat TotAnion

pH 1
EC 0.78** 1
TDS 0.43 0.57* 1
TH 0 –0.07 –0.13 1
As –0.17 –0.24 –0.26 0.82** 1
Fe –0.17 –0.28 –0.22 0.63* 0.82** 1
Cl 0.09 0.39 0.06 –0.56* –0.36 –0.41 1
SO4 0.49 0.51 0.08 –0.4 –0.22 –0.32 0.60* 1
NO3 0.19 0.47 0.08 –0.43 –0.25 –0.36 0.94** 0.49 1
TotCat –0.04 –0.08 –0.12 0.98** 0.85** 0.70** –0.56* –0.39 –0.44 1
TotAnion 0.33 0.61* 0.04 –0.41 –0.29 –0.32 0.91** 0.64* 0.92** –0.41 1

TotCat = total cation, TotAnion = total anion

Table 4. Relative weight of the physicochemical parameters of the drinking groundwater samples

Parameter WHO standard (2017) (Si) Weight (wi) Relative weight (Wi)

pH 6.5 – 8.5 4 0.077
EC (µS cm1) 500 4 0.077
TDS (ppm) 500 5 0.096
Calcium (ppm) 75 3 0.058
Magnesium (ppm) 50 3 0.058
Sodium (ppm) 200 4 0.077
Potassium (ppm) 10 2 0.038
Arsenic (ppm) <0.01 4 0.077
Iron (ppm) 0.3 3 0.058
Chloride (ppm) 250 5 0.096
Sulphate (ppm) 250 5 0.096
Nitrate (ppm) 45 5 0.096
Bicarbonate (ppm) 500 1 0.019
Phosphate (ppm) 0.5 1 0.019
TH (ppm) 100 3 0.058

EC = electrical conductivity, TDS = total dissolved solids, and TH = total hardness

Table 5. Calculated water quality index (WQI) classifying drinking water samples

Sampling stations WQI Water type for drinking purpose

1 29.49 Excellent water
2 50.08 Good water
3 35.72 Excellent water
4 57.92 Good water
5 51.74 Good water
6 27.37 Excellent water
7 26.68 Excellent water
8 26.78 Excellent water
9 143.36 Poor water
10 30.4 Excellent water
11 24.15 Excellent water
12 83.28 Good water
13 20.42 Excellent water
14 27.33 Excellent water
15 65.52 Good water
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nitrate concentration demonstrating that a lower con-
centration was persisted across the study area. That
is why routine monitoring of nitrate content is not
required as it is not in the alarming condition.

The concentration of carbonates in natural water
relies on the presence of soluble carbon dioxide, tem-
perature, pH, cations, and some soluble salts. The
carbonate concentration in groundwater is generally
higher than that in surface water Kumar et al. (2014).
The experimented bicarbonate ion HCO –

3 concen-
tration revealed that none of the samples exceeded
the standard and allowable range of WHO Standard
(2017) of 500 ppm and Bangladesh Standard (1997)
of 600 ppm for drinking with an average value of
205.81 ppm (Table 1). The spatial pattern of bicarbon-
ate content across the study area is depicted in Fig. 5d
revealing that a relatively higher concentration was
found in the southwestern part, which might be due
to the weathering of rock and dissolution of alluvial
sediments (Javed et al., 2019), and contrarily, a de-
creasing trend was evident to the southeastern part.
In the study area, the phosphate ion PO 3–

4 concen-
tration ranged from 0.02 to 0.52 ppm with an aver-
age of 0.19 ppm, presented in Table 1, demonstrat-
ing that based on WHO Standard (2017) standard,
the phosphate content of only one sample out of the
observed fifteen groundwater samples exceeded the
acceptable drinking water limit, while all the samples
were within Bangladesh Standard (1997). Fig. 5e de-
picts the spatial distribution of phosphate concentra-
tion across the study area elucidating that relatively
lower concentration was persisted at the central and
southeastern parts, contrarily, a comparatively higher
concentration was observed at the northeastern and
southwestern parts.

3.4 Chemical composition vs quality pa-
rameters of water

The correlation coefficient matrix (r) was calculated
considering the significance level to find out the inter-
relationship and coherence pattern between chosen
variables, presented in Table 3. A very strong correla-
tion, also having a significant relationship at the 0.01
level (2-tailed test), was depicted between TH–total
cation (r = 0.98) and Cl–NO3 (r = 0.94). The total
anion was also strongly and significantly correlated
with NO3 (r = 0.92) and Cl (r = 0.91). The pairs of
As–total cation, As–Fe, TH-As, and pH–EC were also
significantly correlated at the 0.01 level (2-tailed test)
with a correlation coefficient value of greater than
0.7. Overall in the study area, the pairs of EC–TDS,
EC–SO4, EC–total anion, TH–Fe, Fe–total cation and
Cl–SO4 were also significantly correlated at the 0.05
level (2-tailed) with a moderate correlation coefficient
ranged from 0.5 to 0.7, whereas the pH–TDS, pH–SO4,
pH–NO3, pH–total anion, EC–Cl, EC–NO3, TDS–Cl,
TDS–SO4, TDS–NO3, TDS–total anion and SO4–NO3

pairs were insignificantly correlated with a weak cor-
relation coefficient value of less than 0.5. It was also
evident that there was no relationship between pH
and TH with a correlation coefficient of 0, and other
pairs of the parameters had a negative correlation.

3.5 Drinking water quality based on
WQI

WQI enables the summarization of numerous param-
eters to gain a better insight into overall water quality
over the respective stations in the investigated area.
It was estimated that a lower value of it signifies less
deviation from the recommended values of parame-
ters included and more good quality water for human
consumption or vice versa. Fifteen physicochemical
parameters were considered to estimate WQI assign-
ing relative weight (Wi) concerning their perceived
effects on primary health and relative importance in
the overall water quality, presented in Table 4.

The parameters which have major impacts on wa-
ter quality (viz., TDS, Cl−, Cl, SO 2–

4 and NO –
3 were

assigned to the highest weight of 5 and a minimum
of 1 was allocated to the parameters which were con-
sidered of fewer effects (viz., PO 3–

4 and HCO –
3 on the

water quality, while other parameters, for example,
pH, EC, TH, Ca +

2 , Mg +
2 , Na+, K+, As +

3 , and Fe +
3 were

allotted weight in the range of 2 and 4 relying upon
their significance in the overall water quality. Esti-
mated WQI ranged from 20.42 to 143.36 (Table 5); it
was evident that 60%, 33.33% and 6.67% of the exper-
imented samples showed excellent, good and poor
categories, respectively, for drinking purpose based
on prescribed classification, presented in Table 6.

Table 6. Standard water quality index (WQI) range
along with classification for drinking
purpose †

WQI range Type of water

<50 Excellent water
50–100 Good water
100.1–200 Poor water
200.1–300 Very poor water
>300 Unsuitable for drinking
† Source: Ramakrishnaiah et al. (2009); Al-Omran et al.
(2015); Boateng et al. (2016)

It elucidates the groundwater quality is suitable for
drinking as none of the samples in the study area
were unfit based on the standard classification. Be-
sides, Fig. 6 depicts the spatial distribution of WQI
along with groundwater quality across the study area
demonstrating a better insight, which is in agreement
with the aforementioned findings based on the physic-
ochemical analysis. Considering a single sample set
taken at a particular time in this study, this map-
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Figure 5. Spatial distribution of (a) Cl (b) SO4 (c) NO3 (d) HCO3, and (e) PO4 contents in ppm of groundwater
in the study area

Figure 6. Spatial distribution of water quality index along with groundwater quality across the study area



Jahan et al. Fundam Appl Agric 5(4): 521–536, 2020 533

ping moreover assessed that 13.35 km2 (73.7%) area is
falling under excellent quality water, and good water
quality covers the area of 4.36 km2 (24.1%), while 0.39
km2 (2.2%) are affected with the poor category. The as-
sertion on the area coverage might be affected in wet
and dry seasons as the groundwater moves over time.
The affected area under poor quality needs to be red-
marked for drinking in the future and also, needs to
be managed properly after assessing further chemical
analysis considering heavy metals. This investigation
emphasized that the single value of WQI has enough
and higher affectability to order the drinking water
quality than a long list of values of physicochemical
parameters, previously presented in Table 1, and de-
picted in Figs. 3 to 5. Utilizing this approach will help
decision-makers in the monitoring and appraisal of
the drinking water quality in a certain area (Stigter
et al., 2006; Saeedi et al., 2009). The findings of this
research likewise could be applicable to similar cir-
cumstances worldwide.

4 Conclusions

This study demonstrated an interpretation of chem-
ical analysis for groundwater quality revealing the
analyzed major ions and physicochemical parameters,
which were within the permissible limits for drink-
ing with very few exceptions. It was found that the
groundwater was moderately acidic and a low TDS
signature persisted across the study area. The study
also elucidated that most of the pairs among different
chemical composition and water quality indices had a
very strong correlation with a little exception consid-
ering pH, EC, and TDS pairs, weakly correlated with
most of the variables. WQI mapping across the study
area showed that a very small area was within the
poor category for drinking. In addition, the results of
the WQI and correlation matrix support the findings
of the physicochemical analysis. Overall, it can be
concluded that the groundwater of the study area is
satisfactory for drinking purposes. It is also recom-
mended that more samples considering other unions
along with heavy metals need to be analyzed taking
account of temporal variation to draw a better conclu-
sion regarding the groundwater quality of the entire
Kalihati Upazila, which would be likewise useful for
proper planning and management of groundwater
usage and treatment.
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