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Abstract The hydrochemical study of groundwater samples was carried out from the Suri I and Il blocks of
Birbhum district, West Bengal (latitudes 23.76° N — 23.99°N and longitudes 87.42°E - 87.64°E) with an objective of
understanding the suitability of local groundwater quality for irrigation and domestic purposes. For this study
groundwater samples were collected from 26 (twenty six) locations during the post monsoon and pre monsoon
sessions spanning over 2012 and 2013. Groundwater samples were analyzed for their physical and chemical
properties using standard laboratory methods. From the analyzed data, some parameters like SAR, SSP, RSC, MAR,
Pl and KR have been calculated for each water sample to identify the irrigational suitability. Accordingly, the
groundwater has been found to be well to moderately suitable for irrigation. In the post monsoon session
exceptionally high RSC values for around 80% samples indicate an alkaline hazard to the soil. The ion balance
histogram for post monsoon indicates undesirable ion balance values according to fresh water standards whereas in
pre monsoon, the samples show good ion balance in water. The Piper’s trilinear diagram used to determine water
type suitable for consumption indicates groundwater in the study is of bicarbonate type (fresh type) in both and pre
monsoon with exception of a couple of sulfate type samples during pre monsoon. Water Quality Index results depict
90% of water samples are suitable for drinking during post monsoon whereas in pre monsoon that tally comes down
60% rendering 40% samples unsuitable for drinking. Gibb’s diagrams prepared for the post monsoon and pre
monsoon sessions indicate that the overall hydrogeochemistry of the study area is dominated by rock — water
interaction processes.
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1. Introduction

Scarcity of water is becoming a burning problem in
India. This is particularly true especially in the arid and
semi-arid regions of the country due to vagaries of
monsoon and scarcity of surface water. Over the last few
decades, competition for economic development, associated
with rapid growth in population and urbanization, has
brought in significant changes in land use, resulting in
more demand of water for agriculture, domestic and
industrial activities.

In India, about 50% of the total irrigated area is
dependent on groundwater irrigation [1] and according to
FAO [2], groundwater constitutes about 53% of the total
irrigation potential of the country and sixty percent of
irrigated food production is from groundwater wells [3].
All these are responsible for the overexploitation of this
precious natural resource in several parts of the country
resulting in declining groundwater level. Besides decline

in water level, groundwater quality is also deteriorating in
many parts of the country. The monitoring of water quality
has gained its importance for sustainable development and
proper management of this precious natural resource.

The importance of water quality in human health has
recently attracted a great deal of interest. In the developing
world, 80% of all diseases are directly related to poor
drinking water and unsanitary conditions [4]. Assessment
of groundwater quality is essential for particularly water
from those sources which serve as drinking water sources.
Groundwater quality has been deteriorating over the last
few decades due to massive rise in rate of industrialization
and population [5,6]. Chemical composition of the water
consumed can immediately or eventually lead to
innumerable physiological ailments in humans. A vast
amount of study and research over the last few years have
led to understanding the degrading groundwater quality
and thus has brought to forefront the consequences [7,8,9].
Various environmental indices and parameters are now
being used to ascertain quality of water leading to
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determination of its suitability for domestic and irrigational
purposes [10].

Evaluation of groundwater quality is a necessary and
immediate task for present and future groundwater quality
researchers. Groundwater quality depends on number of
factors — (i) general geology, (ii) degree of chemical
weathering of the various rock types, (iii) quality of
recharge water and (iv) inputs from sources other than
water-rock interaction [11,12]. Such factors and their
interactions are responsible for complex groundwater
quality [13]. Many research publications have come out
on evaluation for domestic and industrial activities and

related groundwater quality monitoring [6,14,15,16,17,18].

In a previous study high salinity and nitrate in groundwater
have been reported from Wuwei basin, northwest China
[19]. Groundwater chemistry is influenced by the lithology
and anthropogenic activity [18] in Salem district of Tamil
Nadu, India. In Uttar Pradesh, India geochemical facies
and locations unfit for human consumption have also been
demarcated [20]. In Guntur of Andhra Pradesh delineation
of groundwater zones have been made on the basis of
water quality [21]. Studying classification of groundwater
has been attempted in Bangladesh [22] and in South Africa
[23] suggesting groundwater suitability for drinking and
public health. Similar studies based on groundwater
quality and hydrogeochemistry have been taken up by
many researches in different parts of the globe [15,24-33].

Routine applications of fertilizers on crop fields cause
contamination of groundwater as well as accumulation of
the nutrients in groundwater. Several researchers
evaluated the suitability of groundwater for irrigation
quality [34,35,36,37,38]. Total dissolved solids (TDS)
values are also considered as an important parameter in
determining the usage of water, and groundwater with
high TDS values are not suitable for both irrigation and
drinking purposes [39].

A detailed geochemical study was carried out to
identify groundwater contamination processes in the Suri
— | and Il blocks of Birbhum district, West Bengal. The
present study focuses on ascertaining the irrigational
suitability and potability standards of groundwater in the
study area. Population has almost doubled within a span
of two decades in this district directly resulting in a rise in
irrigation and micro scale industries. Water required for
all these activities is sourced from the groundwater
reserves, which is deteriorating in quality due to manmade
tampering. Besides anthropogenic activities, natural
phenomena such as weathering of rocks and dissolution of
minerals and climate changes also lead to release of
certain elements into water, the excess of which on
consumption turns detrimental [40]. The present study
intends to highlight such issues if any; for future
implementation of preventive measures.
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Figure 1. Map of the Study area
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2. Study Area

The present study has been carried out in Suri
(comprising of two blocks - Suri I and Suri Il), the district
headquarter of Birbhum district, West Bengal, India. The
blocks are located between latitudes 23.76° N — 23.99°N
and longitudes 87.42°E - 87.64°E (Figure 1). The climate
of the area is generally dry. Summer temperatures soar to
a maximum of 40°C or above whereas in winter
temperatures dip to around 10°C. Majority of the rainfall
is limited to the monsoon season from June to October
and hovers around an average of 1100 mm. The area is
characterized by rural setting and major occupation of the

people is agriculture. The main objective of this study is
assessment of quality of the groundwater used for
irrigational and drinking purposes. Water in the area is
generally drawn from bore wells and dug wells, though
the use of submersible pumps has seen a rise over the last
few years for agricultural purposes.

The study area is largely comprised of alternating layers
of sand and clay, which are soft sediments and part of the
Ganga — Kosi formation. Granite — gneiss which are hard
and foliated type rocks belonging to the Chotanagpur
Gneissic complex constitute the north western part of the
study area. Hard clays dominate specific parts of the block
in the eastern parts of Suri whereas lateritic soils are
scattered mainly in the upper parts of Suri (Figure 2).
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Figure 2. Map showing litho units of the study area (after GSI, 2001)

3. Material and Method

3.1. Sample Collection

A total of 26 groundwater samples were collected from
bore holes ranging in depth between 2 - 21 m BGL
covering two different seasons, post-monsoon (POM) in
December 2012 and pre-monsoon (PRM) in April 2013
(Figure 1). Each sample was collected in acid-washed
polyethylene 500 ml bottle and suitable preservatives were
added for storage till completion of quantitative chemical
analysis. The bottle was completely filled with water
taking care that no air bubble was trapped within the water
sample. Then to prevent evaporation, the bottles were
sealed with double plastic caps and precaution was also
taken to avoid sample agitation during transfer to the
laboratory. The samples were immediately transferred to
the laboratory.

3.2. Laboratory Measurements

Samples were analyzed in the laboratory for the major
ionic concentrations employing standard methods [41].
Calcium (Ca?") and magnesium (Mg?*) were determined
titrimetrically using standard EDTA, chloride (CI") by
standard AgNO; titration, bicarbonate (HCO; ) by
titration with HCI and sodium (Na*) and potassium (K*)
by flame photometry. The pH, EC (electrical conductivity)
and TDS (total dissolved solids) values in samples were
recorded in the field itself using pHTestr 2 and ECTestr+
by Eutech Instruments and DIST 3 by Hanna Instruments
respectively. Sulfate (SO,%"), phosphate (PO,*) were
determined by spectrophotometer CL 22D. Nitrate (NO3 ),
and fluoride (F) by ion concentrations were determined
using ion selective electrode. The analytical precision for
ions was determined by the ionic balances calculated as
100 x (cations—anions) / (cations+anions), which is
generally within £5% [42].
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3.3. Data Treatment and Classification Methods

The parameters such as Sodium Adsorption Ratio
(SAR), Magnesium Adsorption Ratio (MAR), Soluble
Sodium Percentage sodium (SSP), Residual Sodium
Carbonate (RSC), Permeability Index (PI) and Kelly’s
ratio (KR) were calculated to evaluate the suitability of the
water quality for agricultural purposes. Further the results
of the analyses were interpreted using graphical
representations like United States Salinity Laboratory [43]
and Doneen [44] plots. Piper diagram and Water quality
index calculations were used to determine drinking
suitability.

3.4. Box and Whisker Plots

84

The Box and Whisker plot is a convenient way of
graphically depicting groups of numerical data through
their quartiles. Box plots display differences between
populations without making any assumptions of the
underlying statistical distribution; they are non-parametric.
The spacing between the different parts of the box helps
indicating the degree of dispersion and skewness in the
data, and identifies outliers. Box plots can be drawn either
horizontally or vertically.

The Box and Whisker Plots (Figure 3), portraying the
distribution pattern of a parameter measured at more than
a couple of locations, have been prepared using the
minimum, maximum, quartile and median values for each
parameter for both sampling sessions.
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Figure 3. Box & Whisker Plot standard

3.5. Geospatial Analysis

In the present study, base map showing locations of
investigating points has been prepared using Sol Topo
sheets 73 M/5 and 73 M/9 and satellite imagery (IRS-IB,
LISS-11). The GIS and image processing software TNT
Mips 2012 has been used to prepare the study area maps.
The maps available have been scanned and imported into
TNT Mips 2012 and the locations of the sampling points
have been imported through point import function.

Based on the chemical analysis data this study has been
categorized into two major parts:

o Assessment of water quality for irrigational purposes

o Assessment of water quality for drinking purpose.

4. Results and Discussions

The quantitative chemical analysis data of water
samples have been presented in Table 1 and Table 2.
Overall, the groundwater in the study area is found to be
alkaline and moderately hard to hard in nature. Presence
of iron in water is within permissible limits baring two to
four locations during both sampling sessions.

4.1. Spatial Representation

The simplest way of representing groundwater quality
information on a map is to contour the concentrations of a
particular substance of interest. Hence, an attempt has

been made to infer spatial variations of crucial ions
determining the quality of groundwater.

4.2. Electrical Conductivity

Electrical conductivity of water maybe defined as the
capacity of water to conduct electrical current. This
capacity is directly related to the amount of current
conducting bodies (ions, radicals or solid particles). EC of
water can be proportionately related to the dissolved solids
in water, as the flow of current is dependent on the quantity
and conducting capability of these dissolved particles.

EC is the most important parameter to demarcate
salinity hazard and suitability of water for irrigation
purposes. The EC varies from 90 to 300 puS/cm and 55 to
552uS/em during POM and PRM, respectively. Higher
values were noted during PRM when compared with POM.
The classification of groundwater on the basis of irrigation
quality [45] shows that all samples of POM and PRM
samples falls within the excellent to good limits.

The EC values for POM and PRM season are used to
create the spatial distribution map for the study area
(Figure 4a and Figure 4b). It is observed that conductivity
values of water samples follow similar trend in both
sessions.

Figure 5a and Figure 5b are the Box and Whisker plots
for electrical conductivity for post monsoon and pre
monsoon respectively and it is observed that in post
monsoon groundwater is much less conductive than
during pre monsoon.
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Table 1. Chemical Analysis Results for Post Monsoon Session (December 2012)

Location No. Location Name pH |[TDS| EC | TA | TH | Ca?*|Mg?| Na* K* | Fe?* [CO32 [HCO3; | CIT [SO,2 |PO,S
ALl Abdarpur 8.1 | 74.0 | 90.0 [120.0| 80.0 | 12.6 |11.83| 8.667 | 1.000 |0.033| 0.00 | 146.40 | 24.99 | 0.71 | 0.044
AL2 Singur 7.8 | 82.0 (110.0| 50.0 | 55.0 | 16.8 | 3.17 {12.333| 1.000 |0.055| 0.00 | 61.00 | 29.99 | 2.84 | 0.007
AL3 Kochujor Primary School 7.1 |622.0{190.0|650.0|365.0(109.2(22.45|53.333 | 3.000 (0.000( 0.00 | 793.00 [129.96| 48.76 | 0.011
AL4 Lalmohanpur Primary School | 7.6 |225.0{191.0{670.0(200.0| 58.8 [12.93(24.667| 1.333 |0.052| 72.00 | 671.00 | 24.99 | 1.78 | 0.015
AL5 Bonsonka Primary School 7.7 |266.0{200.0|600.0|240.0| 46.2 {30.38|10.000| 1.667 (0.030( 0.00 | 732.00 | 15.00 | 1.15 | 0.005
AL6 Talibpur High School 7.8 |325.0(210.0|880.0|250.0| 54.6 {27.69|29.333| 4.000 (0.070( 0.00 |1073.60| 15.00 | 6.13 | 0.014
AL7 Kubirpur Primary School 8.0 [294.0(220.0|620.0|200.0| 37.8 [25.74|11.667 | 4.667 |0.039| 48.00 | 658.80 | 34.99 | 7.64 | 0.000
AL8 Abinashpur Hospital (Sultanpur) | 7.0 {182.0(190.0|550.0|180.0| 46.2 |15.74|14.667| 0.667 |0.027| 36.00 | 597.80 | 15.00 | 1.69 | 0.000
AL9 Piasala More 7.8 |306.0(240.0(800.0|210.0| 42.0 | 25.62|58.333| 5.333 |0.091|180.00| 610.00 | 39.99 | 15.99 | 0.019
AL10 Purandarpur 7.1 1280.0(210.0(560.0|290.0| 79.8 |22.08| 7.000 | 1.667 |0.055| 0.00 | 683.20 | 79.98 | 0.80 | 0.000
AL11 Gangta (Beside Mandir) 7.4 1247.0(220.0(670.0|210.0| 46.2 |23.06|41.667| 4.333 |0.021| 84.00 | 646.60 | 34.99 | 6.22 | 0.007
AL12 Majhigram 7.4 1196.0(200.0(540.0|200.0| 37.8 |25.74|19.667| 1.000 |0.018| 12.00 | 634.40 | 15.00 | 1.51 | 0.017
AL13 Bhaganbati Primary School 7.2 |309.0(240.0(370.0|280.0| 71.4 |24.77|24.000| 1.000 |1.809| 0.00 | 451.40 | 34.99 | 3.64 | 0.017
AL14 Dhalla 8.4 [250.0(250.0(790.0|140.0| 21.0 |21.35|56.667| 3.000 |0.158|180.00| 597.80 | 34.99 | 0.62 | 0.007
AL15 Saktipur Primary School 7.6 |202.0{190.0|{430.0|200.0| 33.6 {28.30|24.667| 0.667 [0.009| 0.00 | 524.60 | 24.99 | 0.43 | 0.021
AL16 Ajaypur 7.6 |111.0(160.0{270.0|160.0| 29.4 {21.11|10.333| 0.667 |0.015| 0.00 | 329.40 | 15.00 | 0.71 | 0.030
AL17 Joka Primary School 7.6 |188.0(230.0|620.0|160.0| 37.8 {15.98|31.667 | 1.000 |0.076|204.00| 341.60 | 19.99 | 4.09 | 0.000
AL18 Khatangadi 7.6 |203.0(210.0|380.0|160.0| 42.0 {13.42|18.333| 3.000 (0.188(204.00| 48.80 | 29.99 | 2.13 | 0.000
AL19 Kendulia 7.1 |344.0{300.0{670.0|260.0| 71.4 {19.89|41.667 10.0000.012|156.00| 500.20 | 64.98 | 37.93 | 0.011
AL20 Lataboni Primary School 7.2 |355.0(299.0420.0|240.0| 54.6 [25.25|46.667 | 2.667 |0.112| 24.00 | 463.60 |124.96| 39.61 | 0.005
AL21 Nabagram Primary School 7.6 [229.0(240.0(510.0|200.0| 37.8 |25.74(28.000| 1.333 |0.021| 0.00 | 622.20 | 29.99 | 3.46 | 0.002
AL22 Aamgachi Udayan Pathsala 7.8 [119.0(170.0(350.0|120.0| 25.2 |13.91|12.333| 2.000 |0.018| 0.00 | 427.00 | 19.99 | 2.31 | 0.002
AL23 Gobindopur Unique Club 7.7 |143.0(190.0(490.0|140.0| 33.6 |13.66|17.333| 2.000 |0.079| 36.00 | 524.60 | 39.99 | 1.87 | 0.001
AL24 Agar 7.4 1280.0(270.0(620.0|280.0| 58.8 |32.45(34.000| 1.333 |0.012| 60.00 | 634.40 | 29.99 | 4.09 | 0.002
AL25 Ekdala More 7.5 |264.0(260.0(800.0|260.0| 63.0 |25.01|24.667| 1.333 |0.000|180.00| 610.00 | 19.99 | 1.24 | 0.025
AL26 Suri Town 7.1 |256.0(251.0(350.0|300.0| 50.4 |42.46|15.333| 3.667 |0.015| 0.00 | 427.00 | 74.98 | 22.12 | 0.022

Note : EC — Electrical Conductivity (uS/cm) ; TDS — Total Dissolved Solids (mg/l) ; Hardness (mg/l) ; Cl — Chloride (mg/l); HCO; — Bi-Carbonate

(mg/);

SO, — Sulfate (mg/l) ; Fe — Iron (mg/l) ; Mg — Magnesium (mg/l) ; Ca — Calcium (mg/l) ; Na — Sodium (mg/l)
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Table 2. Chemical Analysis Results for Pre Monsoon Session (April 2013)

Location No. Location Name pH | TDS | EC | TA | TH |Ca?"|Mg?*|Na*| K* |Fe2*|CO32 |HCO3; | CIT [SO4Z |PO43
AL1 Abdarpur 8.4 | 150.0 | 55.0 | 40.0 | 48.0| 6.7 | 7.6 | 9.0 | 0.2 |0.01| 0.0 488 |150| 05 | 0.64
AL2 Singur 7.3 1180.0 | 83.0 | 60.0 | 72.0 {15.1| 8.3 |14.0/0.28(0.04| 0.0 732 |300| 28 | 0.52
AL3 Kochujor Primary School 6.6 [1200.0|590.0|140.0{244.0({57.1| 24.7 |166.0/0.76/0.01| 0.0 170.8 |179.9| 45.7 | 0.03
AlL4 Lalmohanpur Primary School | 7.3 | 510.0 |{227.0|180.0{124.0|23.5| 15.9 {28.0{0.32|0.16| 12.0 | 1952 | 150| 19 | 0.18
AL5 Bonsonka Primary School 7.4 |600.0 |1277.0/190.0{180.0({20.2 | 31.6 |13.0(0.32|0.00| 12.0 | 2074 | 250 | 14 | 0.09
AL6 Talibpur High School 7.2 | 720.0 |333.0|230.0{160.0{16.8 | 28.8 |140.0(1.08(0.15| 0.0 280.6 | 150 | 6.6 | 0.46
AL7 Kubirpur Primary School 7.4 |690.0 |309.0|240.0{152.0{18.5| 25.8 |151.0(1.28(0.20f 0.0 292.8 | 40.0 | 104 | 0.03
ALS8 Abinashpur Hospital (Sultanpur)| 7.1 | 420.0 |182.0(180.0{156.0|{33.6 | 17.6 {18.0{0.24|0.20| 12.0 | 195.2 | 20.0| 1.2 | 0.49
AL9 Piasala More 7.4 | 750.0 |317.0|1240.0{132.0{18.5| 20.9 |164.0(1.32|0.11| 0.0 292.8 | 35.0 | 15.6 | 0.09
AL10 Purandarpur 7.1 | 710.0 |316.0|140.0{208.0(38.6 | 27.2| 8.0 |0.36/0.10f 0.0 170.8 | 75.0 | 0.6 0.0
AL11 Gangta (Beside Mandir) 7.0 | 580.0 |256.0|250.0{180.0(45.4| 16.3 |44.0| 1.2 |0.05| 36.0 | 231.8 | 350 | 4.3 | 0.06
AL12 Majhigram 6.9 | 470.0 |203.0|160.0|{140.0({20.2| 21.9 |19.0(0.24|0.16| 12.0 | 170.8 | 150 | 0.7 | 0.12
AL13 Bhaganbati Primary School 6.6 [1150.0|552.0|120.0{384.0({95.8 | 35.3|37.0/0.28(6.06| 0.0 146.4 |2749| 8.0 | 0.15
AL14 Dhalla 7.5 | 550.0 {248.0{250.0| 76.0 {11.8| 11.4 |69.0{ 0.8 |0.27| 24.0 | 256.2 | 20.0 | 1.1 | 0.03
AL15 Saktipur Primary School 6.8 | 420.0 |{148.0{150.0{124.0{30.2| 11.8 |23.0{ 0.2 |2.01| 24.0 | 1342 | 25.0| 2.1 0.0
AL16 Ajaypur 7.6 | 280.0 |{115.0{130.0{104.0{28.6| 8.0 |13.0{0.32|0.06f 0.0 158.6 | 20.0 | 0.1 | 0.06
AL17 Joka Primary School 6.9 | 420.0 |{194.0/180.0| 96.0 | 21.8| 10.1 |33.0{ 0.2 |0.25| 12.0 | 195.2 | 15.0| 2.5 | 0.03
AL18 Khatangadi 7.8 | 420.0 |{181.0{130.0|140.0|/28.6| 16.7 |22.0{0.72|0.26| 12.0 | 134.2 | 40.0| 6.7 0.0
AL19 Kendulia 6.4 | 790.0 |353.0{140.0{184.0|45.4| 17.2 |148.0{2.48|0.50( 0.0 170.8 |105.0| 41.4 | 0.0
AL20 Lataboni Primary School 6.7 | 480.0 {219.0|130.0|{160.0|33.6| 18.521.0{0.36|0.63| 0.0 158.6 | 50.0 | 5.7 | 0.06
AL21 Nabagram Primary School 7.0 | 510.0 {224.0|150.0{108.0|{20.2| 14.1 |31.0{0.28|0.06 0.0 183.0 | 30.0| 2.0 0.0
AL22 Aamgachi Udayan Pathsala 6.9 | 250.0 |{113.0{100.0|{ 92.0 |23.5| 8.1 |12.0{0.24|0.18| 0.0 122.0 | 250 | 2.1 | 0.03
AL23 Gobindopur Unique Club 7.6 | 230.0 |102.0| 60.0 | 80.0 |16.8| 9.3 |16.0{0.16|0.25| 0.0 732 |350]| 18 | 0.03
AL24 Agar 6.9 | 650.0 {286.0| 90.0 {120.0|16.8| 19.0 |38.0{0.36|0.01| 0.0 109.8 | 30.0| 35 | 0.12
AL25 Ekdala More 7.1 | 600.0 {270.0|{320.0|{152.0|{21.8| 23.8 |31.0{0.28|0.28 0.0 3904 (200 15 | 0.18
AL26 Suri Town 6.8 | 730.0 |322.0|130.0{240.0{52.1| 26.8 |1 25.0(1.12|0.11| 0.0 158.6 | 85.0 | 56.7 | 4.76

Note : EC - Electrical Conductivity (uS/cm) ; TDS - Total Dissolved Solids (mg/l) ; Hardness (mg/l) ; Cl — Chloride (mg/l); HCO; — Bi-Carbonate

(mg/l) ;

SO, — Sulfate (mg/l) ; Fe — Iron (mg/l) ; Mg — Magnesium (mg/l) ; Ca — Calcium (mg/l) ; Na — Sodium (mg/l)

4.3. Total Dissolved Solids (TDS)

Total Dissolved Solids (TDS) is a measure of the
combined content of all inorganic and organic substances
present in a liquid in molecular, ionized or micro-granular
(colloidal) suspended form. This parameter is generally
used as a manifestation of aesthetic characteristics of

D% in mgh
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drinking water. High TDS levels generally indicate hard
water and can thus affect the taste of water.

Figure 6a and Figure 6b present the spatial distribution
maps of TDS in the study area for both sessions and TDS
values of water samples also follow similar trends in both
sessions. During pre monsoon eastern parts of the study
area have more dissolved solids in groundwater compared
to post monsoon.

Figure 6. Spatial distribution of TDS (a. Post monsoon; b. Pre monsoon)

Figure 7a and Figure 7b below are the Box and Whisker
plots for total dissolved solids for post monsoon and pre

monsoon respectively. TDS values during both post and
pre monsoon are in the same range.
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TDS

Figure 7. Box & Whisker Plot for TDS (a. Post monsoon; b. Pre monsoon)

4.4. Sodium (Na*)

Sodium toxicity is recorded as a result of high sodium
in water as Na% and SAR ratios. Typical toxicity
symptoms to plants and trees are leaf burn and dead tissue
along the outside edges of leaves. Symptoms appear first
on the older leaves, starting at the outer edges and when
the severity increases it moves progressively inward
between the veins toward the leaf centre. The adverse
effect of sodium on the soil is more closely related to the
ratio of sodium to the total cations in the irrigation water
than to the absolute concentration of sodium. It has now
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been recognized that as percent of sodium increases in the
soil solution larger quantities are absorbed during the
exchange, replacing calcium and magnesium, thus
resulting in alkali soil. The concentration of sodium in the
water samples collected vary from 7.00 to 58.3 mg/L
(post-monsoon) and 8.00 to 69.0 mg/L (pre-monsoon)
(Table 1 and Table 2). Figure 8a and Figure 8b represent
the spatial distribution of Na in the study area and it is
found that in both the seasons all samples are within the
safe category (i.e., <200mg/L). The source of Na" into the
groundwater has been attributed to the weathering of
feldspar and due to over exploitation of groundwater [46].
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Figure 8. Spatial distribution of Na (a. Post monsoon; b. Pre monsoon)

Figure 9a and Figure 9b below are the Box and Whisker
plots for sodium (Na®) for post monsoon and pre monsoon

respectively. Sodium values for both all samples in
different sampling sessions are in a similar range.
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— J—

Sodium

I

Figure 9. Box & Whisker Plot for Na* (a. Post monsoon; b. Pre monsoon)

4.5. Chloride (CI")

Chloride is the most common toxicity in water used for
irrigation purpose. It is neither adsorbed nor held back by
soils; rather it moves readily with the soil-water and gets
adsorbed by crops, and accumulates in the leaves [47].

Higher intake of CI™ beyond the crop tolerance limit in
plants develops symptoms like leaf burn and drying of leaf
tissues. Excessive necrosis (dead tissue) is often
accompanied by early leaf drop or defoliation [48]. The
permissible limit of CI” in groundwater is 600 mg/ L [45].
Too much of chloride leads to bad taste in water and also
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chloride ion combines with the Na (that is being derived
from the weathering of granitic terrains) and forms NaCl,
whose excess presence in water makes it saline and unfit
for drinking and irrigation purposes. The concentration of
chloride in the water samples collected vary from 15.00 to
129.96 mg/L (post-monsoon) and 15.00 to 274.9 mg/L
(pre-monsoon) (Table 1 and Table 2). The maximum
chloride content in water during pre monsoon is almost

'\'.

found to be double than that in post monsoon. Figure 10a
and Figure 10b present the spatial distribution maps of
chloride in the study area for both sessions. In the post
monsoon session highest chloride content in water is
observed in the western parts of the study area whereas in
pre monsoon the highest values of chloride are reported in
the eastern parts of the study area.
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Figure 10. Spatial distribution of ClI (a. Post monsoon; b. Pre monsoon)
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Figure 11. Box & Whisker Plot for Cl —

Figure 11a and Figure 11b below are the Box and
Whisker plots for chloride (CI™) for post monsoon and pre
monsoon respectively.

4.6. Sulfate (SO4°)

The sulfate ion causes no particular harmful effects on
soils or plants; however, it contributes to increase in

2076 | & Barewell Location
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(a. Post monsoon; b. Pre monsoon)

salinity of the soil solution. Sulphur is an essential
element in plant nutrition and in the form of sulfate it is
readily available to plants. The spatial distribution maps of
sulfate in the study area for both sessions are shown in
Figure 12a and Figure 12b. Sulfate ion varied from 0.43 to
48.8 mg/L during the post-monsoon and from 0.1 to 56.7
mg/L in pre-monsoon seasons.

Figure 12. Spatial distribution of SO, (a. Post monsoon; b. Pre monsoon)
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Figure 13. Box & Whisker Plot for SO,? (a. Post monsoon; b. Pre monsoon)

Figure 13a and Figure 13b below are the Box and
Whisker plots for sulfate (S0,%7) for post monsoon and
pre monsoon respectively. In case of sulfate ion, the range
of concentration in water and the average concentration —

both follow similar patterns during both sampling sessions.

4.7. Water Quality for Irrigation Purposes

To assess the overall irrigational water quality of the
samples collected, six computed water quality parameters
have been considered; namely — Sodium Adsorption Ratio
(SAR), Soluble Sodium Percentage (SSP), Permeability
Index (P.l.), Residual Sodium Carbonate (RSC),
Magnesium Adsorption Ratio and Kelly’s Ratio. Their
corresponding values have been presented in Table 3.

Table 3. Values of Computed Water Quality Parameters / Indices for Post Monsoon and Pre Monsoon Sessions

. . SAR Ssp P.I. RSC MAR KR
Location Location
No. Name Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre
Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon | Monsoon
ALL Abdarpur 0.42 056 7812 | 2901 | 6101 | 66.09 0.56 0.46 66.09 | 6537 0.23 0.40
AL2 Singur 0.72 071 6150 | 2980 | 2392 | 5379 0.71 044 | 5379 | 47.90 0.49 0.42
AL3 |, Kochujor 121 1.83 3968 | 37.03 | 2552 | 2437 183 006 | 2437 | 4187 0.32 058
Primary School
AL4 | Lalmohanpur |- o0 1.0 6623 | 3288 | 2682 | 4931 1.09 2.02 4931 | 5299 0.27 0.49
Primary School
AL5 |, Bonsonka 0.28 0.42 66.09 | 1360 | 5229 | 4438 0.42 239 4438 | 7233 0.09 0.16
Primary School
ALG Ta"gf#go"l“gh 0.80 137 67.73 | 3529 | 4581 | 4482 137 3.76 4482 | 7407 0.25 054
Kubirpur
ALT | 0.36 1.79 7286 | 4225 | 5316 | 4361 1.79 3.88 4361 | 69.96 0.13 0.72
Primary School
Abinashpur
ALS Hospital 0.47 0.62 7413 | 2006 | 3622 | 4634 0.62 152 4634 | 4657 0.18 0.25
(Sultanpur)
AL9 | PiasalaMore | 1.74 2.41 4924 | 5134 | 5041 | 4297 2.41 3.88 4297 | 6538 0.60 1.04
AL10 | Purandarpur | 0.18 0.24 54.86 784 | 3156 | 3717 0.24 0.87 3717 | 5397 0.05 0.08
AL11 Ga”&t:n((ﬁf)s'de 125 142 5560 | 3492 | 4541 | 37.3 142 153 3713 | 37.39 0.43 053
AL12 | Majhigram 0.60 0.69 66.80 | 2273 | 5316 | 46.60 0.69 179 4660 | 64.38 021 0.29
Bhaganbati
ALI3 |pinan Sehool| 062 0.82 4178 | 1729 | 3664 | 1820 0.82 239 | 1820 | 3804 | 019 0.21
AL14 Dhalla 2.07 3.42 6161 | 6630 | 6289 | 48.19 3.42 361 4819 | 6171 0.87 1.95
AL15 | Saktipur 0.75 0.90 5845 | 2871 | 5840 | 4342 0.90 0.69 4342 | 3943 0.27 0.40
Primary School
AL16 Ajaypur 0.35 055 6362 | 2153 | 5448 | 61.28 055 117 6128 | 3169 0.14 0.27
AL17 JOKSC':]E;L“IW 1.08 1.46 5284 | 4268 | 4133 | 5454 146 211 5454 | 4353 0.43 0.74
AL18 | Khatangadi | 0.63 0.81 2307 | 2567 | 3475 | 4020 0.81 0.77 4020 | 49.42 0.25 0.34
AL19 Kendulia 112 153 | 4249 | 3673 | 3171 | 3098 153 053 3098 | 3877 0.35 0.56
AL20 | Lataboni 131 0.72 4220 | 2224 | 4353 | 39.88 0.72 0.92 39.88 | 4791 0.42 0.28
Primary School
AL21 | Nabagram 0.86 129 | 6202 | 3834 | 5316 | 5046 | 1.29 199 | 5046 | 5374 | 030 0.62
Primary School
Aamgachi
AL22 Udayan 0.49 054 90.06 | 2219 | 47.92 | 60.12 0.54 0.82 6012 | 3647 0.22 0.28
Pathsala
Gobindopur
ALZ3 | (oo ol | 063 0.77 8285 | 3026 | 4039 | 4816 0.77 0.36 4816 | 4791 0.27 0.43
AL24 Agar 0.88 150 | 46.76 | 4065 | 4791 | 3455 150 0.96 3455 | 6537 0.26 0.68
AL25 | EkdalaMore | 0.66 1.09 5121 | 3060 | 39.82 | 5858 1.09 531 5858 | 64.46 0.20 0.44
AL26 | Suri Town 0.38 070 | 4001 | 1874 | 5840 | 2831 0.70 0.00 2831 | 46.16 0.11 0.22
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4.7.1. Sodium Adsorption Ratio (SAR)

Sodium adsorption ratio is a measure of the sodicity of
the soil determined through quantitative chemical analysis
of water in contact with it. An excess of HCO; and COz%~
ions in water react with Na™ in soil, resulting in a sodium
hazard [8]. SAR values are plotted against EC values (in
pumhos/cm) over the U.S. Salinity diagram to categorize
analyzed water samples according to their irrigational
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suitability quotient. The sodium adsorption ratio (SAR)
was calculated using the following equation:

sar =[Na* J/{([cat ]+ [Mg?)12] (Dlae]

Where, concentrations of all ions have been expressed in
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Figure 14. U.S. Salinity Diagram (a. Post monsoon; b. Pre monsoon)

In the present study the SAR values range from 0.18 —

2.07 in post monsoon and 0.24 — 3.24 during pre monsoon.

Based on the SAR values all samples have low sodium
hazard and on plotting over the U.S. Salinity diagram

IT:d-i i?.rl'.l' 8T .52 BT 5T ﬂ'.l'.ll.'_’

(Figure 14a and Figure 14b), the water samples fall in the
C1-S1 and C2-S1 classes (post monsoon) and C1-S1, C2-
S1 and C3-S1 classes (pre monsoon), and hence can be
considered moderately suitable for irrigation.

&

23,534

23,80

23,831

[Jo-20

B 2040
23,78, I <o - &0
I o - =0

8742 8747 #7852 £7.57 8752

Figure 15. SSP distribution (a. Post monsoon; b. Pre monsoon)
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4.7.2. Soluble Sodium Percentage (SSP)

High sodium ion concentration in soil can take a toll on
internal drainage patterns in soil as release of calcium and
magnesium ions are facilitated due to absorption of
sodium by clay particles. Soluble sodium percentage (SSP)
was calculated using the following equation:

ssP =[(Na* +K*)*100]/[ Ca®* +Mg?* + Na* +K* | (2)[50]

Where, concentrations of all ions have been expressed in
meq/L.

The SSP values range from 5.62 - 47.3lin post
monsoon and 7.84 — 66.3 during pre monsoon. Figure 15a
and Figure 15b present the spatial distribution maps of
SSP for post monsoon and pre monsoon Sessions
respectively. Purandarpur and Dhalla are the locations
from where minimum and maximum values of SSP have
been reported respectively during both sampling sessions.
The SSP values and the EC values have been plotted on
the Wilcox diagram [51] (Figure 16a and Figure 16b) and
are found to fall under the “Very Good to Good” and
“Good to Permissible” categories during post and pre
monsoon respectively.
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Figure 16. a. Wilcox Diagram for Post monsoon; b. Wilcox Diagram for Pre monsoon

4.7.3. Permeability Index (PI)

Another modified criterion has evolved based on the
solubility of salts and the reaction occurring in the soil
solution from cation exchange for estimating the quality of
agricultural waters [52]. Soil permeability is affected by
long-term use of irrigation water and is influenced by - (i)
Total dissolved solids, (ii) sodium contents, (iii)
bicarbonate content. To incorporate the first three items
Doneen had empirically developed a term called,
'Permeability Index' after conducting a series of
experiments for which he had used a large number of
irrigation waters varying in ionic relationships and
concentration [44]. The permeability index is given by the
following formula:

PI = Na* +[{(HCO; )" /(Ca?" + Mg2* + Na* J}*100] (3)

Where, the ions are expressed in meg/L.

Permeability index varies from 23.07 (at Khatangadi) —
90.06 (at Aamgachi) in post-monsoon and from 18.20 (at
Bhagabanbati) — 66.09 (at Abdarpur) in pre-monsoon.
Doneen’s chart for post and pre monsoon sessions have
been presented in Figure 17a and Figure 17b respectively.
Pl is classified under Class | (>75% permeability), Class
Il (25-75% permeability) and Class Ill (<75%
permeability) orders. Class | and Class Il waters are
categorized as good for irrigation and Class 111 waters are
unsuitable with 25% of maximum permeability.
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4.7.4. Residual Sodium Carbonate (RSC)

The residual sodium carbonate index (defined by
equation 4) of water/soil signifies the alkalinity hazard
posed by it and it finds the suitability of water for
irrigation in case of clay soils [53].

RSC = (HCO,™ +CO4%" )—(Ca2* + Mg?*)  (4)

Where, concentrations of all ions have been expressed in
meq/L.
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Residual sodium carbonate values should be preferably
less than 1.25 to be rendered suitable for irrigational
purposes and hence in the present study where RSC values
range between -0.10 — 12.97 and more than 80% of the
water samples have RSC > 2.5 (Figure 18a and Figure 18b);
it can be concluded that water in this area poses an
alkaline hazard to the soil during post monsoon period. In
the pre monsoon period though 76% of RSC values fall in
the safe category, indicating localized hazard.
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Figure 18. RSC distribution (a. Post monsoon; b. Pre monsoon)

4.7.5. Magnesium Adsorption Ratio (MAR)

Generally in most groundwaters Ca?* and Mg®*
maintain a state of equilibrium [46]. During equilibrium
more Mg”* in groundwater adversely affects the soil
quality rendering it alkaline which result in decrease of
crop yield [54]. Paliwal developed an index for calculating
the magnesium hazard called magnesium adsorption ratio
(MAR) [55]. MAR is calculated using the formula:

MAR = (Mg?* *100)/(Ca?* + Mg?*) (5)

i
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Where, concentrations of all ions have been expressed in
meaq/L.

MAR categorizes water into two broad classes — water
having MAR < 50 is considered suitable for irrigation
whereas water with MAR > 50 is considered unsuitable,
based on which it can be concluded that almost two thirds
of the water samples are suitable for irrigation in post
monsoon (Figure 19a). During pre monsoon MAR values
change rendering about half of the samples suitable for
irrigation (Figure 19b).
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Figure 19. Spatial distribution of MAR (a. Post monsoon; b. Pre monsoon)
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4.7.6. Kelly’s Ratio (KR)

Kelly’s Ratio (defined by equation 6) was devised by
Kelly and is measured considering sodium ion
concentration against calcium and magnesium ion
concentrations [56].

KR = Na2* /(Ca2+ + MgZ+) (6)

Where, concentrations of all ions have been expressed in
meq/L.

Waters with a Kl value <1 are considered suitable for
irrigation, while those with greater ratios are rendered
unsuitable. During post monsoon KR values vary between
0.05 — 0.87 and during pre-monsoon the values vary
between 0.08 — 1.95. According to Kelly’s ratio water
analyzed is suitable for irrigation during both periods
barring two locations in pre monsoon.

4.8. Water Quality for Drinking Purposes

In large and specially semi urban or rural parts of our
country groundwater sources in form of dug wells or bore
wells are the only source of drinking water. In the present
study, to ascertain whether or not the water consumed by
villagers meet the drinking water standards, the Total
Hardness (TH) of samples have been measured and the
use of Hydrogeochemical facies (Piper diagram) and
Water Quality Index have been made.

4.8.1. Total Hardness

Water hardness has no known adverse effects; however,
some evidence indicates its role in heart disease [45]. Hard
water is unsuitable for domestic use and it is a measure of
the Ca®* and Mg®* content expressed in equivalent of
calcium carbonate. Hardness of water (temporary and
permanent) is by the inhibition of soap action in water due
to the precipitation of Ca®* and Mg?* salts like carbonates,
sulfates and chlorides. Temporary hardness is mainly due
to the presence of calcium carbonate and gets removed
when water is boiled. Permanent hardness is caused by the
presence of Ca”* and Mg®* which gets removed by ion
exchange processes. Hardness of water in case of
industrial purposes may cause scaling of pots, boilers and
irrigation pipes and in humans health problems such as
kidney failure [45] might occur at extreme levels. The
total hardness in mg/L is determined by the following
equation [50].

TH(mg/L)=2:497 Ca?* +4:115Mg?* (7

During post-monsoon, total hardness (TH) ranges
between 55.0 to 365.0 mg/L with an average of
206.9mg/L, and during pre-monsoon, it ranges between
48.0 to 384.0 mg/L with an average of 148.3 mg/L.
Covering the two sampling sessions, most of the water
samples were found to be moderately hard in nature with
exceptions of a few hard to very hard types as well.

Table 4. Classification of Samples according to Standards specified for Water Quality Indices

No. of samples Percentage of samples
Parameters Range Class
Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon
<20 Excellent 26 26 100 100
20-40 Good 0 0 0 0
SAR 40-60 Permissible 0 0 0
60 - 80 Doubtful 0 0 0 0
>80 Unsafe 0 0 0 0
<250 Excellent 20 14 77 54
250 - 750 Good 6 12 23 46
WHoE(Czooaz) 750 — 2000 Permissible 0 0 0 0
2000-3000 Doubtful 0 0 0 0
>3000 Unsuitable 0 0 0
<75 Soft 1 2 4 8
TH 75-150 Moderate 4 12 15 46
(Sawyer and McCarty, 1967) 150 — 300 Hard 19 11 73 42
>300 Very Hard 2 1 8 4
<1.25 Safe 16 14 61 54
RSC 1.25-250 Marginally suitable 35 27
>2.50 Unsuitable 4 19
<50 Suitable 19 14 73 54
MAR "
>50 Unsuitable 7 12 27 46
200 Suitable 26 26 100 100
SSP >200 Unsuitable 0 0 0 0
KR <1.0 Suitable 26 24 100 92
>1.0 Unsuitable 0 2 0 8
<80 Good 26 26 100 100
Pl 80 - 100 Moderate 0 0 0 0
100 - 120 Poor 0 0 0 0
0-25 Excellent 19 8 73 31
26 - 50 Good 4 8 15 31
WQI 51-75 Poor 2 3 8 12
76 —100 Very Poor - 4 - 15
> 100 Unfit for Drinking 1 3 4 11
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Table 4 represents classification of samples according
to standards specified for different water quality
parameters [57]. Figure 20a and Figure 20b below are
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maps where distribution of water hardness in the study
area has been portrayed for the post monsoon and pre
monsoon sampling sessions respectively.
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Figure 20. TH distribution (a. Post monsoon; b. Pre monsoon)

4.8.2. Hydrogeochemical Facies

The hydrochemical evolution of groundwater can be
understood by plotting the major cations and anions
present in groundwater, over the Piper Trilinear diagram
[58]. This diagram reveals similarities and differences
among water samples because those with similar qualities
will tend to plot together as groups [50]. This diagram is
useful in bringing out chemical relationships among water
in more definite terms [59,60,61]. Major ions are plotted
as cation and anion in percentages of mili-equivalents in
two base triangles.

A Piper Trilinear diagram is a graphical representation
classifying water based on the dominant presence of
cations and anions and has widespread use to assess the
water type. Piper diagram can predict the water type in
three ways — fresh type, sulfate type and saline type. In
Figure 2la and Figure 21b it can be seen the water
samples fall under CaHCO; or the bicarbonate type during
post monsoon whereas during pre monsoon groundwater
in certain locations falls under the Ca-Mg-CI-SO, type as
well.
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Figure 21. Piper Trilinear Diagram (a. Post monsoon; b. Pre monsoon)
4.8.3. Water Quality Index (WQI) WQI = Antilog [W“nzllogloqn] (8)

The contamination status of groundwater and whether
or not it is suitable for consumption can be determined
with help of a quality index measure [62]. For evaluation
of WQI, the analyzed, standard and permissible values of
ions present in water have been considered to calculate the
quality rating of a water sample.

Where: W — Weightage Factor; q — Quality rating
W, = K/S, 9)

Where, the proportionality constant,
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K=[1/(2"11/8)] (10)

Where, S, and S; are the standard / permissible values of
water quality parameters, proposed by WHO or ICMR.
Quality rating,

q= {[(Vactual — Videal )/(Vstandard ~ Videal )]*100} 1v

Where, Vwa = Analytical value of i parameter obtained
from laboratory analysis

Vstandara = WHO / ICMR standard of i parameter

Vieaw = Value of i" parameter obtained from standard
tables (Vigea = 0 for all parameters except pH where Vigea
=7).

In Table 4 the range of WQI values according to which
the five classes it defines have been shown. The pie charts
presented in Figure 22a and Figure 22b depict the
categorization of groundwater samples according to WQI
classes for post monsoon and pre monsoon sessions
respectively.

M Excellent (WQl=0-
25)

H Good (WQI=26-50)
1l Poor (WQI=51-75)

H Unfit for Drinking
(Wal=>100)

M Excellent (WQl=0-25)

H Good (WQI=26-50)

U Poor (WQl=51-75)

H Very Poor (WQI=76-
100)

H Unfit for Drinking
(WaQl=+100)

Figure 22. Categorization of groundwater WQI (a. Post monsoon; b. Pre monsoon)
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4.9. Gibb’s Diagrams

Any one particular process — be it evaporation,
precipitation or rock water interaction, which dominantly
controls the overall hydrogeochemistry of an area can be
identified with the help of the Gibb’s Diagram [63]. The
Gibb’s diagram is prepared using TDS, sodium (Na®),
potassium (K", calcium (Ca®*), chloride (CI") and bicarbonate
(HCO; ) concentrations in groundwater. In Figure 23a,
Figure 23b and Figure 24a, Figure 24b the Gibbs’s
diagrams for post monsoon and pre monsoon sessions
have been presented respectively. From these diagrams it
can be interpreted that during both sampling sessions rock
— water interaction processes significantly control the
levels of all chemical constituents in groundwater of the
study area. Dissolution and displacement reactions in
rocks lining the aquifers are primary reasons behind
changing concentrations of major ions in solution.

4.10. lonic Balance

lonic balance of groundwater or freshwater determines
the overall quality of water which is affected by the

cationic and anionic concentrations [42]. For calculation
of ion — balance in water the concentration of each cation
and anion in groundwater sample is calculated in meg/L.
The standard formula for calculating ion balance in water
is as follows:

lon Balance
= [100*(2 cation —Zanion)]/[Z cation + X anion]

Histograms representing ion balance in groundwater
samples of the study area have been prepared (Figure 25a,
Figure 25b). According to standard rules, the ion balance
of a fresh water sample with low TDS is considered to be
good if the value is between -10% to +10%. In the post
monsoon session ion balance of all water samples barring
one, from Singur area, are all negative and less than -10%,
the lowest values being even lesser than -50%. In pre
monsoon, the results are completely opposite. Majority of
the water samples (88.5%) have ion balance values
between -10% - +10%. Only three groundwater samples
(Bhagabanbati, Gobindopur and Agar) have ion balance
values falling outside the desirable range.
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Figure 25. lon Balance Histogram (a. Post monsoon; b. Pre monsoon)

5. Conclusion

The groundwater quality of Suri | and Il Blocks of
Birbhum District, West Bengal has been assessed for its
irrigational and domestic suitability purposes. The
quantitative chemical analysis results reflect that the
dominant cations in the study area are calcium and sodium
and the dominant anions are bicarbonate and chloride.
Hydrochemical facies analysis as well the pH of water,
both indicates that groundwater in the area is of alkaline
(bicarbonate type) nature. The electrical conductivity
values and total dissolved solids values of water samples
are all found to be within acceptable limits during both
sampling sessions. Most of the water samples were found
to be moderately hard in nature with exceptions of a few
hard to very hard types.

Based on the water quality parameters analyzed like
SAR, SSP, MAR, Pl and KR the suitability of
groundwater samples for irrigation is good to medium in
almost all cases, indicating low sodic waters, but may
pose prominent alkaline hazard to soil reflected by the
Residual Sodium Carbonate (RSC) values during post
monsoon. Most of the water samples have been found to
be fit for drinking baring a few in post monsoon whereas
in pre monsoon more than one third of samples were
found to be unsuitable with regard to drinking. The

groundwater will neither cause salinity hazards nor have
an adverse effect on the soil properties and are thus largely
suitable for irrigational and drinking purposes. Thus the
present study reveals that, for most of the parameters,
more than 90% of the total number of samples are within
permissible limits of drinking as well as irrigation, with a
very few isolated exceptions. Thus it is concluded that the
groundwater of the study area is suitable for drinking and
irrigation purposes in general.

The results from the water analysis data were used as a
tool to identify the process and mechanisms affecting the
chemistry of groundwater from the study area. The major
ionic concentrations of the area are plotted on the Gibbs’
diagram which is used to determine the mechanism
controlling the water chemistry (Figure 23a, Figure 23b
and Figure 24a, Figure 24b). The samples fall in rock —
water interaction dominant zone indicating chemical
weathering of rock-forming minerals as the prime factor
influencing the groundwater quality suggesting dissolution
and displacement of minerals constituting the aquifer
materials.
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