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ABSTRACT

A study was carried out to analyse and compare the quality of groundwater in Kokrajhar during the
pre- and post-monsoon seasons. Kokrajhar is experiencing a significant population growth and
urbanisation. Groundwater is vital for the daily activities and consumption of the local population.
In order to meet the needs of the local population, it is crucial to evaluate the quality of
groundwater. The study involved the collection of groundwater samples from 20 different locations
during the pre- and post-monsoon periods. Tests were conducted on groundwater samples to
analyse 10 different test parameters. Sample points were located using geographical information
system (GIS) and contour maps were generated to represent different test parameters. The
assessment of groundwater quality was determined using two different methodologies: the
Weighted Arithmetic Index (WAI) method and the Canadian Council of Ministers of the
Environment Water Quality Index (CCME WQI) method. The results obtained by both methods
were compared. Minor to significant variations in various test parameters were observed during
analysis of pre- and post-monsoon groundwater samples.
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INTRODUCTION

In order to determine various chemical and
physical properties, groundwater samples are
often collected from wells or other sources and
then subjected to laboratory analysis using
various procedures. Studies [1] have shown
that the most frequently examined parameters

are pH, total dissolved solids (TDS),
conductivity, and main cations and anions,
such as calcium, magnesium, sodium,

chloride, sulphate, and nitrate. Many human

activities can have an impact on groundwater,
including residential, municipal, commercial,
industrial, and agricultural activity [2]. In
recent years, India's reliance on groundwater
has increased dramatically [3]. Due to the
increased use of fertilisers, pesticides, and
other chemicals in agriculture, as well as the
release of contaminants from industrial and
sewage disposal facilities, there is increasing
concern about how human activities affect
groundwater quality [4, 5]. Regular monitoring
of groundwater quality is necessary to solve

d
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these problems, and efficient management
methods must be created to reduce the risk of
contamination and protect this priceless
resource [6, 7]. Understanding the condition
and health of groundwater resources and
ensuring that this valuable resource is
maintained sustainably depends on
groundwater quality studies.

Several studies have been conducted using
GIS for groundwater quality assessment [8 -
12] in recent years to create new and improved
methods for analysing groundwater quality.
Reference [13] provides a  fuzzy
comprehensive evaluation approach to assess
groundwater quality in China. In order to
provide an integrated and comprehensive
assessment of groundwater quality, the
technique takes into account various elements,
such as groundwater quality parameters,
geological and hydrological conditions, and
human activities. Similarly, [14] the current
examination methods have been used to
evaluate groundwater quality and
contamination risk in metropolitan areas. The
study recognised the shortcomings of existing
methodologies and advocated for the
application of new technologies, such as
remote sensing and artificial intelligence to
improve groundwater quality evaluation.

In short, groundwater quality analysis is
critical for assessing the condition and health
of groundwater resources, as well as ensuring
that this precious resource is managed in a
sustainable manner. In order to solve the
problems caused by human activities and
changing environmental circumstances, new
and improved methodologies for groundwater
quality analysis are needed. As a result,
additional research is needed to create more
efficient, cost-effective, and reliable methods
for measuring groundwater quality and
preservation of this vital resource.

Groundwater quality analysis usually involves
the collection of groundwater samples from
wells or other sources, followed by laboratory
analysis using various techniques to determine
different chemical and physical parameters.
The most commonly analysed parameters
include pH, total dissolved solids (TDS),

conductivity, and major cations and anions,
such as calcium, magnesium, sodium,
chloride, sulphate, and nitrate. There 1is
increased concern about the impact of human
activities on groundwater quality [15],
particularly due to the increased use of
fertilizers, pesticides, and other chemicals in
agriculture, and the release of contaminants
from industrial and sewage disposal facilities
[16]. In order to solve these issues, regular
monitoring of groundwater quality is
necessary, and effective  management
strategies must be developed to minimize the
risk of contamination and protect this valuable
resource [17]. The Water Quality Index (WQI)
is important in decision-making and resource
management because it provides a simplified
and comprehensive assessment of water
quality [18]. It  facilitates effective
management of water sources and determines
their suitability for various purposes [19].
WQI facilitates the reduction of a large
amount of data into a simple expression and
enables the comparison of water quality status
in different locations [20].

Water can be found both on the surface and
below the surface of the earth, however, only a
limited amount of surface water is safe for
consumption. In India, a significant portion of
the population relies on groundwater for their
drinking needs in both rural and urban areas
[21]. However, with increasing urbanization
and inadequate waste management practices,
the groundwater is facing a high risk of
contamination. If the source of pollution is not
effectively controlled, groundwater can be
contaminated, which can lead to health
hazards if consumed untreated. It is also
reported that in many parts of India,
groundwater is contaminated with lots of
hazardous chemical due to industrial waste as
well as the use of pesticides in agriculture [22,
23].

The current study focuses on the quality of
groundwater in the Kokrajhar district, located
in the Bodoland Territorial Region of India.
Groundwater from sources, such as tube wells
and bore wells is the primary source of
drinking water in the region. As the population
continues to grow, there is a corresponding
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increase in dependence on groundwater to
meet the daily needs of residents. In order to
assess the quality of groundwater in
Kokrajhar, a study was conducted by
collecting groundwater samples during pre-
monsoon season in the month of May and
post-monsoon season in the month of
November. The samples were then subjected
to laboratory tests to determine various test
parameters for calculating the Groundwater
Quality Index (GWQI).

STUDY AREA

The study was conducted in the Kokrajhar
District, which is located in the Bodoland
Territorial Region in Assam, India. According
to the 2020-21 land use statistics, the district
has a total forest area of 1734.65 km? and a
total area under crops of 1405.51 km? [24].
Kokrajhar has an average annual rainfall of
2400 to 3000 mm, and the highest rainfall
occurs from April to August [25]. The town of
Kokrajhar is located on the banks of the
Gaurang River and serves as the headquarters
for the District and the Bodoland Territorial
Region (BTR) authorities. According to the
2011 census, Kokrajhar has 887142
inhabitants, and by 2024, it is predicted that
the number of inhabitants will be around
935300. The town is divided into 10 wards,
and the majority of the district consists of
residential areas, public/semi-public spaces,

commercial areas, and recreational areas.
Figure 1 shows the map of the study area.

METHODS AND METHODOLOGY

The methods and methodology applied in this
study are discussed in the following sections.

Collection of samples

Collecting groundwater samples for laboratory
testing is an important step in determining the
quality of the groundwater. Samples should be
collected wusing appropriate techniques to
ensure that they are representative of the
groundwater and are not contaminated.
Groundwater samples were taken in the town
of Kokrajhar, where efforts were made to
collect samples from all 10 wards of the town.
Since groundwater was collected from existing
bore wells and dug wells, the depth of the
wells varied. A total of 20 samples were
collected to cover the entire area. The samples
were collected in 500 ml polyethylene bottles,
ensuring  proper  storage to  avoid
contamination, and each bottle was labelled
with a sample number (such as S1, S2, etc.)
corresponding to its location. Water samples
were collected during the post-monsoon and
pre-monsoon periods.
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Figure 1. Map of study area (Kokrajhar)
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Laboratory tests of groundwater samples

Laboratory tests of groundwater samples were
carried out for 10 different parameters, which
included pH, TDS, alkalinity, hardness, iron,
calcium, magnesium content, electrical
conductivity, nitrate, and arsenic. Laboratory
testing of groundwater is a crucial process for
assessing the quality of water resources. The
pH test measures the acidity or basicity of
water, which affects the water's ability to
neutralize pollutants. pH of groundwater is an
indicator of the quality and suitability for
various purposes. In [26] it was found that pH,
together with other factors, can indicate local
contamination. Research conducted in [27]
emphasized the need for pH within specific
ranges for drinking and irrigation purposes.
Reference [28] emphasizes the importance of
pH in determining the suitability of
groundwater for domestic and agricultural use.
TDS measures the amount of inorganic and
organic substances dissolved in water.
Reference [26] emphasizes the importance of
TDS in groundwater pollution assessment,
especially in the context of hydrochemical
properties. The alkalinity test determines the
water's ability to neutralize acid, while
hardness test measures the concentration of
calcium and magnesium ions. Reference [29]
states that the alkalinity test can help in
identifying the  potential sources of
contamination, such as rock-water interaction,
geogenic factors and human-induced pollution.
The iron content test measures the amount of
iron present in the groundwater. Calcium and
magnesium tests determine the concentration
of these essential minerals in groundwater,
which can affect the hardness and taste of
water. The nitrate test measures the amount of
nitrates in the water, which can indicate
contamination from fertilizer or animal waste.
The arsenic content in groundwater samples
was also examined. These tests provide
valuable information about groundwater
quality and help ensure that it is safe for
drinking, irrigation, and other purposes.

Analysis for Groundwater Quality Index
(GWQI)

The analysis for GWQI was done to study the
quality of water during post- and pre-monsoon
seasons. The GWQI was calculated using
Weighted Arithmetic Index (WAI) method
developed by [3] and the Canadian Council of
Ministers of the Environment Water Quality
Index (CCME WQI) (2001) [9]. The
permissible limits of all the test parameters for
drinking water according to the Bureau of
Indian Standard (BIS) are given in Table 1.

Table 1. Permissible limits of tested
parameters of drinking water according to
Indian standard IS 10500: 2012 [30]

Test parameter Permissible limit according
to IS 10500: 2012
Iron < 1.0 mg/l
Arsenic < 0.05 mg/l
Nitrate <45 mg/l
Electrical
conductivity <3000 pS/em
pH 6.5-85
TDS 500 mg/I
Alkalinity 200 mg/I
Calcium 75 mg/l
Magnesium 30 mg/l
Hardness 200 mg/I

Weighted Arithmetic Index (WAI) method

The WAI method is a frequently used tool for
groundwater quality analysis. This method is
based on the concept of assigning weights to
different water quality parameters based on
their relative importance and then using these
weights to calculate an overall index value for
each sample. The weights are based on various
factors, including the concentration of the
parameter in the water sample, the toxicity of
the parameter, and the presence of relevant
water quality guidelines or standards. The
weighted values of each parameter are then
summed up to calculate the overall WAI score
for each sample. The WAI is widely used in
groundwater quality analysis for a variety of
purposes, including assessing the suitability of
water for different uses, such as irrigation,
drinking and industrial purposes, identifying
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potential sources of contamination, and the
monitoring water quality trends over time.
Table 2 shows the categorization of water
quality according to weighted arithmetic water
quality index.

Table 2. Categorization of water quality
according to WAI and CCME WQI

WAI method CCME WQI
Water Water
WQI value quality WQI value quality
status status
0-25 Excellent 95 -100 Excellent
26 - 50 Good 80-94 Good
51-75 Poor 65 - 79 Fair
76 - 100 Very poor 45 - 64 Poor
Not Very
> 100 suitable for 0-44
drinking poor

Steps according to the WAI method for
calculating the WQI:

Step 1: Unit weight (W,) factor for each
parameter is calculated using the following

formula;

and

1)

()

where is: Sp - standard desirable value of the
n™ parameters. On summation of all unit
weight factors of selected parameters, Wn = 1.

Step 2: Calculate the sub-index (Qn) value

using following formula:

0=

[Vn B Vo]

- Vo]

%100

©)

where is: V, - mean concentration of the n™"
parameters, Vo - actual values of parameters in
generally Vo = 0 for most
parameter except pH:

pure water,

(v

1-7)

_[(u-7]
QPH_ [(8.5-7)] *100

(4)

Step 3: Combining step 1 and step 2, the WQI
is calculated as follows:

X0,
Overall WQI= S (5)
Canadian Council of Ministers of the

Environment Water Quality Index (CCME
WQI)

In 1997, the Canadian Council of Ministers of
the Environment (CCME) modified the British
Colombia Water Quality Index (WQI) to
create the CCME WQI, which could be
applied by many water agencies in various
countries with minor modification [13]. The
CCME WQI was developed as a water quality
assessment and reporting tool for management
institutions and the public. The WQI provides
a comprehensive and integrated assessment of
water quality based on multiple parameters.
The WQI ranges from 0 to 100, with higher
scores indicating higher water quality and
lower scores indicating lower water quality.
The WQI is designed to be simple, transparent,
and easy to understand by a wide range of
stakeholders, including government agencies,
industry, and the general public. The CCME
WQI is used to support water management and
decision-making by providing a consistent and
comprehensive assessment of water quality
across different regions and jurisdictions in
Canada. The WQI is also used as an indicator
of progress towards achieving water quality
objectives, and as a tool for communication
and reporting on water quality status and
trends. Table 2 shows the categorization of
water quality according to the CCME WQI.

Steps according to the method developed by
CCME for calculating the WQI:

Step 1: Calculation of F1 value (scope):

__ Number of failed variables

= X
1 Total number of variables 100 (6)

Step 2: Calculation of F, value (frequency):

Number of failed tests
2= X

100 ©)

Total number of tests
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Step 3: Calculation of F3 value (amplitude):

3.1. Excursion

. Failed test value;
excursion;= ——— -1 (8)
Objective;

3.2. Normalised sum of excursion (nse)

n .
Y.in excursion (9)

nse=
Total number of test

3.3. Fs value

. nse
F3_O.Olnse+0‘01 (10)

1

‘j
+
S
+
b

Overall CCME WQI =100 -

RESULTS AND DISCUSSION

Results of laboratory tests of pre- and post-
monsoon groundwater samples

The results of the laboratory tests for all 10
test parameters are presented in Table 3. All
samples were within the limits prescribed by

the BIS standard, which makes the
groundwater in  Kokrajhar suitable for
consumption. After examining the influence of
the monsoon on various groundwater
parameters, no significant differences were
observed. The pH showed a decrease of 4 % in
sample S8 and an increase of 3 % in sample
S1. The TDS decreased during the post-
monsoon period in all samples, and the highest
decrease of 91 % was observed in sample S12.
The alkalinity of the water samples also
decreased during the post-monsoon, and the
highest decrease of 51 % was observed in
sample S10. The changes in hardness varied
among samples, with the highest increase of
42 % in sample S5 and the highest decrease of
33 % in sample S20. The changes in the NOs-,
Ca, and Mg contents also varied slightly in
different samples.

Contour maps showing the variations of all the
test parameters were created using the Inverse
Distance Weighted (IDW) method by using
ArcGIS software. Figures 2 to 11 show the
contour maps generated for various test
parameters and give a clear understanding of
the changes in the parameters during the pre-
and post-monsoon periods.

Table 3. Results of testing the parameters of groundwater samples collected during pre- and post-

monsoon
Sample | Type of | Monsoon H TDS | Alkalinity | Hardness Fe Ca Mg EC NOs As
No. source | period P (mg/l) | (mgll) (mg/l) (mg/l) | (ma/l) | (mg/l) | (uS/Cm) | (mg/l) | (mg/l)
1 Bore Pre 6.7 |109.5 90 78 0.08 17.61 6.8 20.2 8.1 0
well Post 6.89 | 107.3 84 72 0.12 20.02 6.8 19.93 114 0
2 Tube Pre 6.3 |210.8 102 110 0.68 27.23 10.2 355 11.2 0.001
well Post 6.25 | 204.1 94 102 0.66 28.83 7.29 36.1 13.5 0
3 Bore Pre 6.31 | 195.6 84 104 0.25 25.63 9.72 34.4 135 0
well Post 6.28 | 191.8 78 98 0.12 27.23 7.29 35 15.7 0.001
4 Bore Pre 6.37 | 584 68 56 0.25 20.02 1.46 9.8 10.2 0
well Post 6.26 | 43.79 40 62 0.21 19.23 34 8.67 9.3 0
5 Tube Pre 6.06 | 110.4 68 48 2.37 16.82 1.46 21.1 134 0.004
well Post 5.98 | 95.78 44 68 2.26 2242 2.92 18.34 14.3 0.005
6 Bore Pre 7.08 |118.8 128 86 2.3 19.22 9.23 20.9 14.4 0.005
well Post 7.14 11129 94 102 2.27 24.02 | 10.21 21.3 12.3 0.005
7 Tube Pre 6.12 | 96.5 66 70 0.35 20.82 4.37 16.41 0 0
well Post 6.02 | 88.23 50 78 0.29 20.02 6.8 13.34 0 0
8 Tube Pre 6.35 | 236 128 80 0.25 30.43 0.97 42.1 0.01 0
well Post 6.07 | 166.5 54 80 0.23 24.82 4.37 311 0.02 0
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Table 3 (continued). Results of testing the parameters of groundwater samples collected during pre-
and post-monsoon

Sample | Type of | Monsoon H TDS | Alkalinity | Hardness Fe Ca Mg EC NOs3 As
No. source | period P (mg/l)| (mg/l) (mg/l) (mg/l) | (mg/) | (mg/l) | (uS/Cm) | (mg/l) | (mg/l)
9 Tube Pre 6.16 | 165.9 92 60 0.28 20.02 2.43 28.2 0 0

well Post 6.08 | 156.2 52 82 0.27 32.03 0.49 28.5 0 0
10 Tube Pre 6.22 | 240 102 80 0.35 2242 5.83 40.5 0 0
well Post 6.2 |205.8 50 106 0.24 24.02 | 11.18 38,5 0 0
1 Tube Pre 6.15 | 156.7 90 70 2.5 16.02 7.29 26.7 0 0.004
well Post 6.06 | 145.5 56 86 2.64 16.82 | 10.69 22.3 0 0.004
12 Bore Pre 6.2 |146.2 90 90 2.3 25.63 6.32 24.8 0 0.005
well Post 6.23 | 12.8 60 84 2.21 23.22 6.32 25 0 0.005
13 Bore Pre 6.33 | 151.8 78 110 2.15 23.22 | 12.64 27.1 5.1 0.004
well Post 6.34 | 193.8 52 90 221 13.61 13.61 27 4.6 0.004
14 Bore Pre 6.2 | 105.6 60 70 2.1 15.22 7.78 20.1 8.5 0.003
well Post 6.14 |99.34 52 64 2.26 12.81 7.78 19.2 9.2 0.003
15 Tube Pre 6.4 |250.8 100 114 2.52 32.03 8.26 38.3 8 0.003
well Post 6.31 | 249.7 110 112 2.77 3043 | 1847 39.5 8.5 0.005
16 Bore Pre 6.91 | 108.9 80 88 0.37 28.03 4.37 18.96 35 0
well Post 6.63 | 100.6 64 72 0.23 26.43 1.46 19.12 4.6 0
17 Tube Pre 5.89 | 100.2 42 70 1.8 20.02 4.86 16.31 1 0.005
well Post 5.78 | 78.94 22 66 2.29 20.82 3.4 15.05 0 0.005
18 Tube Pre 6.16 | 165.9 86 100 0.45 16.02 | 14.58 28.5 0 0
well Post 6.15 | 139.7 62 88 0.22 14.41 12.64 25.9 0 0
19 Bore Pre 6.44 | 975 60 74 2.15 24.02 34 16.05 0 0.004
well Post 6.36 | 80.92 32 78 2.26 28.02 1.94 15.73 0 0.005
20 Tube Pre 5.89 | 885 44 104 2.12 2322 | 11.18 14.44 0 0.003
well Post 5.83 | 70.91 22 70 2.26 19.22 5.35 13.66 0 0.004

pH of ground water samples during pre monsoon period
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Figure 2. Variations of pH of groundwater during pre- and post-monsoon periods
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TDS of ground water samples during pre monsoon period [TDS values of ground water samples during post monsoon period
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Figure 3. Variations of TDS in groundwater during pre- and post-monsoon periods
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Figure 4. Variations of alkalinity of groundwater during pre- and post-monsoon periods
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Figure 5. Variations of hardness of groundwater during pre- and post-monsoon periods
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Iron content in ground water samples during
N pre monsoon periods.
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Figure 6. Variations of iron content in groundwater during pre- and post-monsoon periods

Nitrate content of ground water samples during
N pre monsoon period.
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Figure 7. Variations of nitrate content in groundwater during pre- and post-monsoon periods

Calcium content in ground water samples during
N pre-monsoon period
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Figure 8. Variations of calcium content in groundwater during pre- and post-monsoon periods
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Magnesium content in ground water samples during Magnesium content of ground water samples during
N
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Figure 9. Variations of magnesium content in groundwater during pre- and post-monsoon periods
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Figure 10. Variations of electrical conductivity of groundwater during pre- and post-monsoon
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Figure 11. Variations of arsenic content in groundwater during pre- and post-monsoon periods
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Groundwater quality index (GWQI)

As shown in Table 4, out of 20 samples, the
groundwater quality was excellent in 16

CCME WQI was used, all samples showed
excellent quality, as shown in Table 5.
Therefore, it can be concluded that the
groundwater in the researched area is suitable

samples and good in 4 samples when for  consumption and  other  uses.
determined by the WAI method. When the
Table 4. Water quality index according to WAI method
Water Water
Sample Monsoon WQl quality Sample Monsoon WQl quality
No. value No. value
status status
s1 Post 7.39 Excellent s11 Post 23.25 Excellent
Pre 10.86 Excellent Pre 20.65 Excellent
52 Post 21.19 Excellent s12 Post 18.98 Excellent
Pre 20.77 Excellent Pre 19.92 Excellent
$3 Post 20.66 Excellent s13 Post 19.05 Excellent
Pre 20.48 Excellent Pre 19.72 Excellent
s4 Post 17.60 Excellent s14 Post 21.62 Excellent
Pre 15.79 Excellent Pre 20.56 Excellent
S5 Post 24.46 Excellent s15 Post 32.82 Excellent
Pre 22.29 Excellent Pre 18.13 Excellent
6 Post 9.54 Excellent s16 Post 10.40 Excellent
Pre 9.42 Excellent Pre 25.91 Good
57 Post 22.96 Excellent s17 Post 26.5 Good
Pre 20.43 Excellent Pre 4.96 Excellent
S8 Post 21.64 Excellent s18 Post 21.99 Excellent
Pre 15.95 Excellent Pre 22.64 Excellent
9 Post 20.66 Excellent 19 Post 15.17 Excellent
Pre 19.22 Excellent Pre 13.97 Excellent
10 Post 21.01 Excellent $20 Post 26.02 Good
Pre 19.36 Excellent Pre 27.01 Good
Table 5. Water quality index according to CCME WQI method
Water Water
Sample No. WC(:)(I:I\\/AaIIEue quality Sample No. WCC:)(I:'\\/AaIIEue quality
status status
S1 96.13 Excellent S11 96.13 Excellent
S2 96.13 Excellent S12 96.13 Excellent
S3 96.13 Excellent S13 96.13 Excellent
S4 96.13 Excellent S14 96.13 Excellent
S5 96.13 Excellent S15 96.13 Excellent
S6 96.13 Excellent S16 96.13 Excellent
S7 96.13 Excellent S17 96.13 Excellent
S8 96.13 Excellent S18 96.13 Excellent
S9 96.13 Excellent S19 96.13 Excellent
S10 96.13 Excellent S20 96.13 Excellent
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CONCLUSION

In this study, groundwater parameters tested
showed no significant changes during pre- and
post-monsoon periods, only minor variations.
The groundwater was within the limits
prescribed by the BIS standard, which makes it
suitable for consumption and other purposes.
The GWQI obtained using CCME WQI and
WAI method showed that most of the
groundwater samples had excellent quality,
and a few samples had good quality. Adequate
groundwater quality in this region is probably
due to the low levels of pollution from
industries and a lack of significant sources of
pollution. Results may also vary depending on
the depth of the groundwater source in some
locations. The presence of rice fields near
some water sources had little to moderate
impact on groundwater quality during the post-
monsoon period. This could be due to the
rainwater percolating through the surface and
reaching the groundwater, resulting in a small
change in the groundwater quality.

In this study, the depth of the sample
collection point was not considered. Therefore,
it will be useful to make a study taking into
account the depth of the sample collection
point and the long-term effect of rainfall
variations.
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