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Abstract

Avrticle history

Major ion constituents present in groundwater are studied for shallow unconfined
basaltic aquifer in order to understand the quality of groundwater resources and its
impacts on inhabitants and irrigation. 30 groundwater samples collected from dug wells
located in upper Bhima basin were analyzed to measure major cations and anions for
establishing water quality index (WQI) and irrigation indices. The concentration of pH,
electrical conductivity, total hardness, total dissolved solids and major cations and
anions were analyzed. Groundwater types were detected using Piper’s trilinear diagram
as Ca*-HCO; , Ca’*-Na'-HCO;, mixed Ca®*-Mg*-Cl~ and Ca®*-Cl™ groups. High
concentration (8 to 194 mg/L) of nitrate was found at some locations in the region. WQI
shows 66% of the samples to be unfit for drinking purposes due to high nitrate content
mostly introduced because of the anthropogenic activities. Suitability of groundwater for
irrigation purposes was determined using of Sodium Adsorption Ratio (SAR),
Permeability Index (PI), Kelly Ratio (KR), Magnesium Hazard (MH), Sodium (%) and
Residual Sodium Carbonate (RSC). Groundwater in the region is suitable for irrigation.
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1 INTRODUCTION

About two-third of the world’s population is supported
by groundwater (Li et al., 2018; Adimalla et al., 2018)
especially, in a largely populated country like India, it is
observed that about one billion people are solely
dependent on groundwater for fresh drinking water and
all other household as well as agricultural purposes
(Kadam et al., 2019). In India, the dependency on
groundwater is increasing tremendously because of the
quality deterioration and insufficient availability of
surface water (Gaikwad et al., 2019, Wagh et al., 2019).
In order to fulfill the basic needs of the population of
any country it is extremely important to have a good
understanding about the quality and geochemical
characteristics of groundwater (Adimalla et al., 2018).

World Health Organization (WHO) has proposed
desirable and permissible limits for concentration of
various chemical parameters in groundwater (WHO,

1993). It has been observed that the analysis of
groundwater qualities have not been given major
importance as compared to that of quantity, especially in
developing and under developed countries mostly due to
lack of scientific knowledge and adequate funds
(Mukate et al., 2019). The occurrence, storage and
movement of groundwater are determined by several
factors such as climate, drainage network, geology,
geomorphology, hydrogeology and mainly
anthropogenic activities (Sabale and Thorat, 1991,
Deshmukh, 2011; Kalpana and Elango, 2013). The
geochemical composition of groundwater is mainly
influenced by natural factors including the deposition of
atmospheric salts in wet and dry conditions,
precipitation, evapotranspiration, soil matrix, rock-water
interaction, residence time and anthropogenic activities
including disposal of industrial and domestic wastes,
recharge from agriculture, etc. (Todd, 2006; T6th, 1999;
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Sefie et al., 2018; Karroum et al., 2017; Devic et al.,
2014; Barbieri et al., 2014; Mukate et al., 2019).

With extremely high amount of fluoride, nitrate
and arsenic in groundwater has led to large health
complications for millions of people all over the world.
Thus, the protection and maintenance of groundwater
resources by continuous monitoring become important
to solve the future health risks.

Deccan Volcanic Province (DVP) of peninsular
India is the most extensive geological formation having
well-documented chemo stratigraphic classification
(Krishnan, 1982; Beane et al., 1986). In general,
groundwater movement from the recharge area to the
discharge area in the DVP modifies ionic composition
by hydro-geochemical processes and the probable
changes in the hydro-geochemistry are mainly due to the
hydrogeology, hydro-geomorphologic, and
anthropogenic activities (Pawar and Nikumbh, 1999). In
the Upper Bhima basin, agriculture is dominant
occupation and majority of the people living in small
farm houses. Dug wells and deeper bore wells are the
major source of water that are commonly used for
drinking and irrigation purposes with the principal crops
grown including sugarcane, onions and variety of
vegetables. In order to enhance the crop yield, most
common practices such as addition of high amount of
chemical fertilizers and pesticides are common, which
in turns leaches downward and results in the
contamination of subsurface water. As this degraded
water is consumed by the population of that region and
thus poses various health related issues.

GIS is one of the most important tools for
evaluating the hydrogeochemical characteristics and
determining the quality of groundwater, which has been
conducted by many scholars (Rajashekar et al., 2019;
Vishwakarma, 2014; Roy and Indranil, 2009)
Groundwater quality map is helpful for determining the
contamination of groundwater and for indicating the
potential hazardous zones, which can thus assist various
officials working in that region. GIS is emerged as a
dominant tool for acquiring, analyzing, and interpreting
the spatial information for decision making in several
geo-environmental fields (Deepesh et al., 2011).

The present study has been carried out to evaluate
the groundwater quality in the basaltic rocks of the
upper Bhima basin, Maharashtra. The main objective of
this study is to assess groundwater for drinking and
irrigation purposes. The study can be helpful to monitor
different problems associated with the contamination of
groundwater.
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2 STUDY AREA

Upper Bhima basin (47J/5 and 47J/6 SOI topo-maps)
constitutes of two mini-watersheds (BM-27 and BM-34)
of 400 km? (Figure 1). The elevation ranges from 425 to
688m. The area is well accessible from Pune City
(India) on 70km by road (Pune-Ahmednagar highway).
The study area shows monsoon type of climate. The
monsoon begins in early June to the end of September
with uncertain and erratic rainfall with average annual
497mm and June maximum. The study area shows hot
tropical climate with temperature ranges 38°C from
39°C in summer months of April and May. The average
yearly maximum temperature is about 32.25°C and
minimum 21.18°C. This is semi-arid regions from
Western India show evaporation as dominance. Rock-
groundwater interaction is seen in the unconfined
aquifers as a result of high residence time. Major
sources of groundwater in this region are from shallow
unconfined aquifers through dug wells, bore wells and
dug cum bore wells.

3 GEOLOGY

The area forms the part of upper Bhima basin and the
entire area is covered by basalt flows of Cretaceous
Paleocene age with Quaternary alluvial and colluvio-
alluvial deposits occurring in the river valleys.
Geological mapping of the area has been carried out by
Geological Survey of India (GSI) (Sabale and Thorat,
1991). The generalized geological map of study area at
1:250,000 scale has been prepared from the District
Resource maps of GSI representing the distribution of
the different geological units.

The lava pile exposed in the area is made up of
both compound pahoehoe flows and ‘a’a’ flows; which
have been grouped into Ratangarh and Indrayani
Formations of the Sahyadri group of Deccan Trap Super
Group (Figure 2). The two formations are separated by
marker horizons.

Megacryst M3 and Giravalli GPB (Godbole et al.,
1996; Hooper, 1988), Megascopically, the flows are
light to dark grey, fine to coarse grained, non-
porphyritic to porphyritic. The porphyritic ones are
mostly plagioclase phyric, with fine to coarse size
phenocrysts  exhibiting sparsely to moderately
porphyritic nature. Jointing is common in the dense part
of the flows. The pahoehoe flows exhibit fewer regular
joints as compared to ‘a’a’ flows. They exhibit sheet
joints towards to top, parallel to the flow unit tops. This
is clearly seen in the well section exposes pahoehoe
flows. The ‘a’a’ flow in the area highly jointed, forming
colonnade and entablature zones and more than one
tiers. Fractures in the area trend NNW-SSE, NE-SW.
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Figure 1. Study area: Upper Bhima basin

4 METHODOLOGY

The field work comprises of a detail hydrological study
of the area, well inventory, selection of observation well
for understanding hydro-chemical parameter. Only dug
wells were selected for analysis. Well inventory was
done in which the diameter, depth, static water level,
lithology was marked. The precise location of the well
was determined using GPS. Portable pH, EC meters
were used for determining the pH and EC values in the
field.

Groundwater samples were collected from 30 dug
wells in the month of May 2018. Due precautions were
taken to ensure that water was not drawn from the wells
on the day of measurement. While collecting the sample
special emphasis was given to wells that were not close
to any stream, channel and that water in this well was
natural groundwater. Wells that were used as storage
tanks in which water were poured from bore wells and
water tankers were not considered. The samples
collected are used for drinking and irrigation purposes.
Samples were collected in polythene bottles (1litre) first
being washed by distilled water and dried. The collected
samples were stored in the fridge at 3°C. pH, TDS and

115

EC were measured in the field itself with the help of
portable devices. The groundwater samples were
analyzed for various hydro chemical parameters, such as
pH, electrical conductivity (EC), total dissolved solids
(TDS), total hardness (TH); cations [calcium (Ca2"),
magnesium (Mg®"), sodium(Na*), and potassium (K*)];
and anions [chloride (CI"),bicarbonate (HCOs),
sulphate (SO,%), nitrate (NO;3), and fluoride (F)].
Titration method was used for determining calcium and
magnesium, using standard EDTA solution. Sodium and
potassium contents were calculated using flame
photometer. Major anions were calculated on High
Pressure lon Chromatography (HPIC).

The data obtained from the analysis was plotted on
piper diagram using demo version of Aquachem
software, for the identification of water types. Further,
various indices were calculated for determining the
irrigation water quality for parameters such as Sodium
Adsorption Ratio (SAR), Residual Sodium Carbonate
(RSC), Sodium Percentage (Na%), Kelly’s Ratio (KR),
Magnesium Hazard Ratio (MHR) and Permeability
Index (PI) values. Moreover, Water Quality Index has
been computed using standers of World Health
Organization (WHO).
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5
5.1

Piper’s trilinear diagram (Piper, 1953) is useful to
classify the groundwater based on basic geochemical
characters of the constituent ionic concentrations.
Moreover, it is incredibly useful to determine the
chemical relationships and geochemical characters in
groundwater in more explicit terms (Piper, 1953).
Groundwater in the study area is classified as: (1) Ca*'-
HCO; ", (I1) Mixed Ca®*-Na*-HCO; and (III) mixed
Ca*- Mg®-Cl', (1V) Ca?*-Cl" (Figure 3). The present
investigations show that the groundwater consist mainly
calcium-magnesium-bicarbonate type. Calcium and
magnesium dominance are mainly due to weathering
and mineral dissolution of basalts. Bicarbonate majorly
dominates the ionic concentrations in the groundwater,
due to weathering of carbonates and dissolution of
silicate minerals.

RESULTS AND DISCUSSIONS

Piper’s Trilinear Diagram

5.2  Groundwater Chemistry Evolution
Mechanisms
Groundwater chemistry evolution mechanism s

analyzed using Gibbs (1970) diagrams. The mechanism
of affinities of the chemical concentration appears in the
groundwater resources have been well delineated using
this technique. The graphs were plotted for anions and
cations as TDS versus CI/ (CI" + HCO;") and TDS
versus (Na* + K*) / (Na* + K* + Ca®"), respectively.
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Gibbs diagram consists of three dominant zones,
which includes the rock dominance zones, the
evaporation dominance zones and the precipitation
dominance zones. Majority of samples in the region
classified into the rock dominance and evaporation
dominance zones (Figure 4). Chemical weathering leads
to the mineral dissolution and hence enriches the
concentration of salts in groundwater. As the study area
is the part of semi-arid region, evaporation is extremely
high.

5.3  Suitability of Groundwater for Drinking

Purposes

Human health related issues are directly related to the
quality parameters of drinking water and attracted a
great deal of interest. The significance of groundwater in
any area should not be neglected as the most reliable
sources of fresh water for domestic usages. Access to
good quality water is becoming challenging day by day.
The groundwater samples from study are were assessed
using most desirable limit as well as maximum
permissible limit proposed by WHO  (1993) for
drinking purpose along with ill effects on health and the
data has been incorporated in Table 1. From the results,
it is clearly observed that the concentration of nitrate in
water is beyond the maximum permissible limits (MPL)
of WHO standards for drinking purpose.
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Table 1. Groundwater analysis and human health

Parameters mg/L  Most desirable Max. Pre-monsoon Impacts on health
(except pH) limit (MDL) permissible limit  in -max.
(MPL)

pH 7-8.5 9.2 6.9-7.9 Change in taste

TDS 500 1500 527-1414 Gastro-intestinal irritation

TH 100 500 250 -1910

Na - 200 10-178

K - 30 0.02 -15.26 Depression, muscle weakness,
heart rhythm, disorder and
confusion

Ca 75 200 31-156

Mg 50 150 24-129 Scale formation

Cl 200 600 22 -213 Salty taste

HCO; 300 - 125-675 Corrosion of pipes

SO, 200 400 32-277 Laxative effect

NO; 45 - 8-194 Blue Baby

F 1 15 0.016-0.834 Fluorosis

Comparison with WHO standards (1993)
54  Water Quality Index

Water Quality Index (WQI) quantifies influences of
different water quality parameters using rating system.
Evaluation of the groundwater quality in the region was
carried out in a scientific manner with the help of an
integrated WQI for various parameters. It is easy and
systematic tool useful for classification of all water
quality parameters in a single unit. WQI has been
suggested to derive numerical expressions of water
qualities (Prasanth, 2012; Deshmukh, 2011; Adimalla,
2018; Kadam, 2019; Lad, 2019). Parameters such as pH,
EC, TDS, hardness, major cations and anions are
considered for WQI calculation.

Relative importance was considered for selection
of parameters to define water quality for drinking and
irrigation purposes. WHO standards were considered for
comparison required in this study (WHO, 1993). WQI
was computed using the method by Yidana and Yidana,
2010. Weights (W) were assigned to the variables, TDS,
pH, Hardness, major cations, anions for assessing the
water quality based on their importance for water
quality. Secondly, the relative weights (W, ) were
calculated from the following equation (equation (1)):

W, =w; Z? w; 1)

where, W, is the relative weight, w; is the weight of
each parameter (WHO) and n is the number of
parameters. Thirdly, a quality rating scales (q;) for each
parameter were assigned by dividing its concentration in
each water sample by its relative standard according to
WHO guidelines and multiplying by 100 (equation (2)).

q; = (G;/S) x 100 2

where, q; is the quality rating, C; is the concentration of
each selected parameter from water sample in mg/L, and
S; is the WHO standards of drinking water for each
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selected parameter in mg/L, according to the guidelines
of WHO for computing the WQI. Then SI; is first
determined for each chemical parameter, which is then
used to determine the WQI as per the following
(equation (3)).

S, =W, x qandWQI =XSI;, (3)

SI; is the sub index of i parameter; g; is the rating
based on concentration of i"" parameter.

The WQI computed is classified as excellent (<50),
good (50-100), poor (100-200), very poor (200-300) and
(=300) unsuitable for drinking purposes. It is observed
from WQI that 66% samples are not fit for drinking
purposes and only 34% samples are suitable. The high
nitrate contamination due to anthropogenic activities is
the major cause of groundwater being unfit for drinking
purposes.

55

There is an increasing need to periodically check the
quality of water used for irrigation purposes. Without
irrigation the farming becomes limited, agriculture will
almost become impossible. It increases the crop yield
and helps in cultivation of superior crops, which require
high amount of water. With the changing environment,
depending on rainwater for agriculture is risky. Hence
the quality of water for irrigation purposes is focused in
this study. Important irrigation water quality parameters
include several specific properties of water relevant in
relation to the yield and quality of crops, maintenance of
soil productivity and protection of the environment.
Sodium Adsorption Ratio (SAR), Permeability Index
(PI), Kellys Ratio (KR), Sodium Percentage, Residual
Sodium Carbonate (RSC), Magnesium Hazard (MH) are
the parameters used to determine the suitability of
groundwater for irrigation.

Suitability of Groundwater for Irrigation
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55.1 Sodium Adsorption Ratio (SAR)

In groundwater, sodium hazard is determined by the
absolute and relative concentration of cations and is
termed as Sodium Adsorption Ratio (SAR) (equation

(4)).

a

SAR = e (4)

SAR values play an important role in irrigation purposes
due to the amount of sodium content that is present in
soil after absorption. High sodium concentration has a
tendency of decreasing the soil permeability and the
structure of the soil. Hence, SAR measures the amount
of sodium hazard which is in association with the
concentration of calcium and magnesium present. SAR
value is used to calculate the degree to which irrigation
water tends to enter cation exchange section in the soil.
Groundwater samples consisting of high Na* content
and relatively low Ca®" content often results in the ion
exchange of Na* with Ca?* and Mg®". Thus, the ion
exchange leads to the destruction of soil due to clay
particles dispersion. Na* amount in water leads to
salinization and degradation of crops. From the values
observed that a further provision can be made to avoid
future destruction of soil content which will lead to good
crop production.

The calculated SAR values are ranging from 1.036
to 17.8, where average value observed are 8.5. These
values for most of the samples are classified as
excellent. About 56% samples were found to be
excellent, 44% samples were good according to sodium
hazard. Accordingly, it is inferred that the samples have
no salinity issue and it can be used for agricultural
purposes.

SAR (sodium hazard) is plotted against EC
(salinity) according salinity diagram by US laboratory
(1954) and used for the assessment of irrigation water
quality. Groundwater with EC values may be acceptable
for irrigation at low salinity (C1) and medium salinity
(C2) with SAR values as low sodium hazard (S1), and
medium sodium hazard (S2). Further, water requires
extensive treatment for irrigation purposes at the high
salinity (C3), very high salinity (C4) with high sodium
hazard (S3) and very high sodium hazard (S4)
concentrations (Todd, 1980; USSL, 1954). The diagram
indicates that about 16% samples fall in C2S3 and C3S3
indicating that medium to high salinity and high sodium
hazard. About 40% in C2S2 and C3S2 types indicating
medium to high salinity and medium sodium hazards.
Similarly, 44% samples are in C2S1 and C3SI types
indicating medium to high salinity and low sodium
hazard type of water, respectively (Figure 5). The
groundwater in the region area is found to be suitable
for irrigation purposes.
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5.5.2  Permeability index (PI)

The suitability of groundwater for purpose of irrigation
can also be determined by considering the permeability
index parameter. The soil permeability is an important
factor as it allows the infiltration of groundwater. Pl
values (equation (5)) are greatly shaped by the

concentration of Na', Ca®*, Mg, and HCO;
parameters.
_ Na+VHCO3 % 100 )
Ca+Mg+Na

The PI values are categorized as excellent, good
and unsuitable indicating the quality of groundwater that
used for the agricultural purposes. Doneen (1964) and
Ragunath (1987) have proposed a classification scheme
of groundwater for irrigation purposes using Pl into
three classes namely class 1, class 2 and class 3. WHO
(1993) evaluates the quality of groundwater considering
the Pl as: Class | and Il of groundwater are categorized
as good for irrigation with 75% or more of maximum
permeability and Class Il of groundwater is unsuitable
with 25% of maximum permeability. PI ranges from 14
to 67 with average values being 40 in the study area.
About 80% of calculated PI values for all the
groundwater samples were categorized in the class 2 and
20% fall under class 3.

55.3  Kelly’s Ratio (KR)

KR is another important parameter that is practiced in
order to avail details about the quality of groundwater,
by considering sodium concentration. However, SAR is
a more advanced method for the detection of sodium
content. A Kelly index is used to derive the samples as
suitable or unsuitable. A Kelly index with values
exceeding 1 are termed as unsuitable, while those of less
than 1 are considered as suitable for irrigation purposes.
Higher values indicate high concentration of sodium
present. Kelly ratio is calculated by equation (equation
(6)):

KR=Na*/Ca®* +Mg?** (6)

Kelly index for the analyzed samples are ranging from
0.04 to 1.3 (Table 2) and out of the 30 samples collected
about 27 were calculated as suitable and 3 samples were
unsuitable for irrigation.

5.5.4  Magnesium Hazard (MH)

Magnesium and calcium concentration in groundwater
also play vital roles in determining the quality of
groundwater. Magnesium concentration has more
adverse effects on groundwater as compared to calcium.
Hence it is extremely important to detect the amount of
magnesium which is done with the help of magnesium
hazard (MH). MH calculates magnesium with respect to
calcium concentration. MH is calculated by the
following equation (equation (7)):

MH= {Mg? /(Ca®* + Mg?")}*100 )
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Raghunath (1987) has developed a ratio, namely
Magnesium Hazard Ratio. Based on this, the values
obtained by calculation were termed into two classes,
suitable and unsuitable. Values less than 50 were
considered to suitable and values exceeding 50 were
considered as unsuitable for irrigation purposes.
Calculated MH values are ranging from 25 to 66 (Table
2). In which about 22 samples were suitable, and 8
samples were unsuitable for irrigation purposes.

55,5  Sodium (Na %)

Sodium hazard in irrigation is calculated with the help
of sodium percentage, thus being a very useful
parameter. Sodium content has extremely adverse
effects on soil. Percentage of sodium is calculated using
the formula (equation (8)):

Na (%) = {Na*/(Ca®*+Mg**+Na*+K")}x100 (8)
where, cations are measured in milli equivalents per liter
or equivalent per million.

Wilcox’s (1955) method is used to understand the
Na% where it is observed that values ranging from 4 to
56 are obtained. From the values calculated about 7
samples were considered as excellent, 13 as good, 10 in
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permissible limits and none of the samples were
classified as doubtful (Figure 6).

Wilcox’s (1955) diagram shows plot of EC values
against Na%. According to the diagram few samples fall
in excellent class, while most of the samples fall in
good-permissible class. There were a few samples
which were doubtful and needs some treatment before
using for irrigation purposes.

5.5.6 Residual Sodium Carbonate (RSC)

Residual Sodium Carbonate RSC is one of the most
important and widely used method in order to calculate
the suitability of groundwater for irrigation purposes.
The hazardous effect of carbonates and bicarbonates
were calculated with the help of RSC, detecting the
attributes of groundwater for irrigation purposes.

Particularly, the high amount of feeble acids such
as the total concentration of the carbonates and
bicarbonates in groundwater over the alkaline earths
such as the total of calcium and magnesium alter the
suitability of groundwater for irrigation. This is
calculated using the equation 9 (equation (9)) (Eaton,
1950; Raghunath, 1987).
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Table 2. Groundwater suitability for agriculture
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Parameter Range Water Sample
type/classification No. %

SAR (Richards, 1954) <10 Excellent 17 56.67
10-18 Good 13 43.33
18-26 Doubtful 0 0
26< Unsuitable 0 0

Pl (Doneen , 1964) >75 Excellent 0 0
75-25 Good 24 80
25> Unsuitable 6 20

KR (Kelley, 1946) <1 suitable 27 90
>1 unsuitable 3 10

MHR (Raghunath , <50 Suitable 22 73.33

1987) >50 unsuitable 8 26.67

Na (%) (Wilcox, 1955) <20 Excellent 7 23.33
20-40 Good 13 43.33
40-60 Permissible 10 33.33
60-80 Doubtful 0 0
80< Unsuitable 0 0

Na (%) (Eaton, 1950) <60 Safe 30 100
>60 Unsafe 0 0

RSC (Eaton , 1950) <1.25 Good 1 3.33
1.25-2.5 Doubtful 0 0
>2.5 Unsuitable 29 96.67
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RSC = (HCO5 + CO3?) — (Ca*" +Mg?")  (9)

Higher concentration of cations such as calcium and
magnesium in the groundwater generally show negative
values of RSC. Hence, the concentration of calcium and
magnesium play a vital role in determining the quality
of groundwater. Eaton (1950) has concluded that
increasing amount of RSC values in groundwater leads
to increase in the SAR values, thus resulting in the soil
becoming infertile due to such increasing concentration
levels. The RSC wvalues calculated, only 1sample
indicated high concentrations of calcium and
magnesium in the groundwater. 29 samples are
unsuitable as per RSC calculation.

6 CONCLUSIONS

Groundwater found in hard rocks is the major source for
drinking and irrigation purposes in the Upper Bhima
region. Keeping this in mind, the present study primarily
focuses on the qualitative analysis of groundwater
parameters for drinking and irrigation purposes. Major
ion concentrations were compared with WHO standards
to confirm the suitability with help of graphical methods
and indices techniques.

e Groundwater in the study area is of neutral-to-
alkaline quality. The distribution of major ions in the
groundwater is found in the following order: Ca*
>Na*>Mg®* >K* and HCO; > SO,“—> CI™> NO;".
Nitrate concentration in the region ranges from 8 to
194 mg/L. About 60% samples are exceeding the
permissible limit of WHO (45mg/L). The samples
are not suitable for drinking purposes. Intense
agricultural activity and fertilizers could be the
primary causes for elevated nitrate concentration in
the groundwater.

Most of the water samples are within the permissible
limits and suitable for irrigation purposes. Few
samples show necessity of water treatment before
use.

The remedial methods available for removing Nitrate
from drinking water are: Reverse Osmosis, lon
Exchange, Bio remediation, Blending, etc.
Denitrification processes for the removal of nitrate
concentration is extremely important as described in this
study. It is essential to educate people for prevention of
groundwater contaminations. Massive participatory
programs can be helpful for creating this awareness.
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