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Abstract

In the current study, an effort was made to assess the geochemistry of groundwater by random collection of the samples from
15 different borewells located in various parts of Varanasi City, Uttar Pradesh, India. Geology of the study region is dominated
by Quaternary alluvial sediments of Pleistocene to recent times where the younger alluvium receives fresh deposits of silt,
clay and loam from periodic flood events. Ca—Mg—HCO;was inferred as major hydrogeochemical facies from Piper trilinear
diagram. Ca—Mg type and HCO;™ type were the dominating cation and anion facies, respectively. Hydrogeochemistry reveals
that the cation abundance follows the order Na*>Mg>* > Ca?* > K* and anion abundance HCO;~ > CI~>NO;~>S0,> > F".
As per Gibb’s plot, chemical weathering of rock minerals is affecting the quality of groundwater. Overall, most of the samples
for majority of parameters lie within the allowable limits as set by WHO (guideline for drinking water quality, fourth edn,
WHO, Geneva, p 340, 2004) except nitrate, which varied in the range of 40.32-78.97 mg/l. 80% of the groundwater samples
in which nitrate exceeded beyond acceptable limit (50 mg/1), as per WHO standard, which may be due to poor sewerage,
human excreta leakage from septic tanks, poorly maintained disposal of solid waste locally, agricultural activities, wastewater
irrigation and irrigation runoff. The Water quality index (WQI) value of the study region depicts that 93% samples lie in the
category of excellent water and 7% in good water category. Good positive correlation of NO;—Cl (r=0.60) and Na—NO;
(r=0.55) signifies an anthropogenic input of these ions into the subsurface water of the study region. The various indices
such as electrical conductivity (EC), salinity, percent sodium, sodium absorption ratio (SAR), residual sodium carbonate
(RSC), permeability index (PI), Kelly’s ratio and magnesium ratio are used to check the fitness of ground water for irrigation
uses which shows that groundwater samples of the study region is good to permissible for agricultural uses.
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Introduction

The most concerning issues to water authorities are to pro-
vide safe and potable drinking water to every individual
for their good health (Jamshidzadeh and Barzi 2018). Due
to deterioration of surface water quality and its shrinkage,
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and also due to the perception that the water below ground
is pure, the most of the population in different countries
use groundwater in daily routine (Raju et al. 2011; Madhav
et al. 2018). Groundwater is considered as a primary water
supply source in urban and rural regions of developing
countries and its degradation is related to different types of
health issues (Singh et al. 2016). Today, overexploitation
of groundwater for various purposes (i.e., drinking and
household, industrial and agricultural uses), as well as the
seepage of sewages from diverse sources into the aquifers,
has made significant variations in the groundwater qual-
ity (Annapoorna and Janardhana 2015; Ehya and Mos-
leh 2018; Mahmoudi et al. 2017; Alexander et al. 2017).
The groundwater geochemistry is complex due to diverse
reasons. Various factors such as percolation of surface-
and rainwater, complex hydrogeology, human influence
on flow systems and contamination sources determine the
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chemical content (Amalraj and Pius 2018). The residence
time of water and the primary mineralogy control the rate
of reaction with parent rocks. Knowledge of groundwa-
ter quality is significant because it is an important aspect
which determines its fitness for different purposes. The
quality of water tells about environment, though the
water circulated in the aquifer. We can never find water
in its purest form; for the human metabolism, most of the
elements are required in small amounts but if present in
unwanted level, they show damaging effect and it turns
into a disease inducing commodity. As a consequence of a
geochemical change of rainwater recharging system, every
groundwater system acquired a unique chemistry (Raju
et al. 2015). The water quality index (WQI) is a productive
tool to estimate the quality of water by integrating a com-
posite set of data and generating a score which signify the
overall water quality category (Jamshidzadeh and Barzi
2018). WQI could be an easy communication tool about
the groundwater quality for local residents and government
agencies in terms of better management in near future.
The agrarian belt of Varanasi basically uses groundwater
for irrigation purpose which is directly linked with crop
yield. The groundwater is being drawn way faster than
it is recharged. Thus, it is necessary step to examine the
groundwater geochemistry and its irrigation suitability (Li
etal. 2013).

The effects of irrigation, excess use of fertilizer and
domestic sewage could enhance the ionic composition
such as NO;~, CI~, Na* and K* in groundwater. Once
contaminants go into the ground below, it may remain
hidden for years, depicting groundwater unfit for human
intake and other purposes (Raju 2012). In several parts
of the world, groundwater NO;~ contamination is a chal-
lenging task from different reasons like septic tank sys-
tems, manure or agricultural organic by-products, landfill
sites that are unlined, punctured sewerage lines, poultry
waste and domestic/farm animal manure (Suthar et al.
2009; Raju et al. 2009; Abdesselam et al. 2013; Ako et al.
2014). Unwarranted NO;™~ intake in drinking water has
been linked with the risk of methemoglobinemia or ‘blue
baby syndrome’ in humans, stomach cancer and nitrate
poisoning in animals (Mason 2002; Raju et al. 2009;
Stadler et al. 2012). Several researchers have studied on
hydrogeochemistry, groundwater contamination and its
suitability for domestic and irrigation purposes in differ-
ent basins, urban and rural areas (Gowd 2005; Umar et al.
2009; Singh et al. 2011; Prasanth et al. 2012; Alaya et al.
2014; Raju et al. 2014, 2016; Patel et al. 2016; Ahamed
and Loganathan 2017). Hence, the endeavor of the current
study is to assess the hydrogeochemistry and fitness of
groundwater for domestic and irrigation purposes of the
study area based on different indices, i.e., WQI, salinity,
percent sodium, sodium absorption ratio (SAR), residual
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sodium carbonate (RSC), permeability index (PI), Kelly’s
ratio and magnesium ratio.

Study area and hydrogeology

The middle Ganga plain makes the surrounding of the
Varanasi area with flat topography. The maximum tem-
perature is recorded to be 48 °C in the summer and
8 °C in winter. In the study area, average annual pre-
cipitation is about 1020 mm. The study region lies
between latitude 25°15'50"N-25°19'50"N and longitude
82°56'7"E-83°00'42"E (Fig. 1). Geology is dominated by
Quaternary alluvial sediments of Pleistocene to recent times.
The younger alluvium around the drainage courses receives
fresh deposits of silt, clay and loam due to periodical flood
events. In the Varanasi areas, a multilayer aquifer system
is found which consists of alternating sand and clay layers
(Shukla and Raju 2008). Holocene sandy units consist of
shallow as well as semi-confined to confined deeper aquifers.
The shallow borewells are 20-60 m in depth with water-level
fluctuation of 9—12 m while deep tube wells depth ranges
60-250 m.

Methodology
Sample collection

A total of 15 subsurface water samples were taken from
borewells in the study region during the month of April
2012. Selected borewells were constantly in use for daily
need, i.e., drinking and domestic purposes. For validation
and cross-check of result, a field duplicate sample was col-
lected at every fifth sampling location. Samples were col-
lected in polypropylene bottle rinsed with the same ground-
water before filling. In order to stabilize the electrical
conductivity (EC) and eradicate the standing water interfer-
ence inside the metal casing, groundwater samples were col-
lected after flushing water for 5—10 min. Groundwater sam-
ples were kept at 4 °C to avoid any chemical modification.

Laboratory and data analysis

All the analysis was done according to standard protocol
(APHA 2005). pH, electrical conductivity (EC) and total dis-
solved solids (TDS) were measured in the field by using pH
and conductivity meter. To filter samples, 0.45 um Millipore
filter paper in vacuum filtration unit was used before the analy-
sis of major cations and anions. The samples were then tested
for major cations (Ca®*, Mg**, Na® and K*), anions (HCO; ™,
CO4>7, CI7, SO,*~, NO;™ and F"), hardness and alkalinity.
Ca**, Mg** and hardness contents were measured by EDTA
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Fig. 1 Physiographic and .
sampling locations map of the Varanasi
study area (1—Maldahiya,
2—Rathyatra, 3—Chawk,
4—Bhagwanpur, 5—Naria,
6—Sigra, 7—Samane ghat,
8—Chandpur, 9—Mahmoor-
ganj, 10—Lohta, 11—DLW,
12—Dalmandi, 13—Sundarpur,
14—Godauliya, 15—Beniya- ey
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titrimetric method while Nat and K contents were measured
by Elico flame photometer. C1~ was calculated by AgNO; titra-
tion. HCO;~ concentration and alkalinity were calculated by
electrometric titration method. F~ content was measured dur-
ing Orion ion selective electrode 4 Star. NO,~ and SO,*~ con-
tents were examined using UV-visible spectrophotometer.
The accurate measurements of major cations and anions were
examined by calculating electrical neutrality (EN %) (Appelo
and Postma 1993). EN % values for all the samples were found
within +5%. Basic statistical parameters, inter-ionic relation
graphs, US salinity Laboratory (1954) diagram, Wilcox (1948)
diagram and permeability index plot (1964) were prepared by
using Microsoft Excel Version 2007. AqQa software was used
to prepare piper trilinear diagramme. Location map was pre-
pared on Adobe Illustrator 10. Interpolation map was prepared
by Arc GIS 9.3 software.

Water quality index (WQI) may understand as a rating
scale that echoes the combined impact of diverse parameters
of groundwater quality (Sahu and Sikdar 2008). Every param-
eters are accredited different weights (wi) in a scale of least
effect (1) to highest effect (5) based on their apparent health
impact and their significant magnitude in the drinking water
quality (Sener et al. 2017) (Table 1). The highest weightage
five is given to the parameters having severe health hazard
(Varol and Davraz 2014). The assigned weight and relative
weight of physiochemical criteria are given in Table 1. The
relative weight (W;) has been computed using the equation:
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Table 1 Chemical parameters and their relative weight

Parameters WHO stand-  Weight (wi) Relative weight (Wi)
ard (mg/1)
pH 9.2 3 0.039
TH 500 2 0.026
TDS 1500 5 0.064
Ca®>* 200 2 0.026
Mg** 150 2 0.026
Na* 200 2 0.026
K* 12 2 0.026
HCO,~ 600 2 0.026
Neka 600 4 0.052
Cl- 600 3 0.039
NO,~ 50 5 0.064
F~ 1.5 5 0.064
Swi=37 Y Wi=0.48

where W, is relative weight, wi is weight of each parameter
and n is the number of parameters. Then, the concentration
of each parameter in each water sample is divided by its limit
values given by the WHO and the output value is multiplied
by 100 to get the quality rating (qi) for every parameter

g: = (Ci/S;) x 100, @
where ¢; represents the quality rating, C; the concentration
of every physiochemical parameter in each water sample
(mg/1) and S, the standard of drinking water (mg/1) for every
chemical parameter as proposed by WHO. To calculate
WQI, firstly SI; value should be determined by the follow-
ing equations, where

SL, =W, Xgq;, 3)

WQI = )’ sI, 4)

SI; is the subindex of ith parameter; g; is the quality rating
based on the amount of ith parameter.

Irrigation suitability is calculated with various indices;
all values are in epm:

The RSC is calculated when the amount of alkaline earths
is subtracted from the amount of carbonates:

RSC = (HCO; + COj) — (Ca™ + Mg*?) )
The formula for calculating Na % is:

Na% = (Na + K/Ca + Mg + K + Na) x 100 6)

The extent of Na™ present in the water can be estimated by
SAR which is expressed as follows:

SAR = Na*/4/Ca*?* + Mg*?/2 7
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Permeability Index (PI) = Na*
+4/HCO; /(Ca™ + Mg*" + Na*) x 100 8)

Kelly’s ratio = Na* /Ca’* + Mg** )

Magnesium Hazard (MH) = Mg**/(Ca®* + Mg**) x 100
(10)

Results and discussion
Major cation and anion chemistry

The drinking water samples were devoid of color, odor and
turbidity. The standard ranges for drinking water, as per
WHO standards, were considered to determine its fitness
for drinking purposes. The statistical summary of different
physicochemical parameters is shown in Table 2. It showed
that most of the samples for majority of parameters lie under
the acceptable limit as set by WHO standard (2004) except
nitrate. The pH ranges are 7.2-8.1 (mean 7.77). The ground-
water samples are mainly alkaline of the study area. EC (uS/
cm) varies 430-1110 (mean 759.33), which is an indica-
tion of the ionic concentrations. EC values display the safe
zone for potability. The values of TDS (mg/1) range 240-800
(mean 490.67). Since the groundwater of the recent study
lies under freshwater class and the TDS values for all sam-
ples are below 1000 mg/l, it may be used for drinking and
irrigation purposes (Davis and De Weist 1966).

Water hardness is originated mainly due to the poly-
valent ions (primarily Ca** and Mg?") ranging 216-480

Table 2 Statistical summary of physicochemical parameters and its
comparison with WHO standards for groundwater samples

Parameters ~ Range Mean WHO (2004) % Sample
exceeding

pH 7.2-8.1 777 8.5 -

EC 430-1110  759.33 -

TDS 240-800 490.67 1500 -

Ca* 14-78 45.60 200 -

Mg** 16.82-91.16 5623 150 -

Na*t 18.6-100.1 57.92 200 -

K* 0.6-119.5 11.15 12 6

HCO;~ 190-610 373.60 600 6

Noln 3.39-182.1 42.02 600 -

CI- 32-122 66.80 600 -

NO;~ 40.32-78.97 58.28 50 80

F~ 0.13-1.9 062 15 6

Hardness 216-480 34493 500 -

Alkalinity 155.8-500.2  307.01 -
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(mean 344.93). Among cationic composition (mg/l),
Na® is leading ion ranging 18.6-100.1 (mean 57.92) fol-
lowed by Mg?* ranging 16.82-91.16 (mean 56.23); Ca>*
ranging 14-78 (mean 45.6) and K* ranging 0.6-119.5
(mean 11.15). Among the anionic composition (mg/l),
HCOj;™ is the leading ion ranging 190-610 (mean 373.60)
afterward C1™ ranging 32-122 (mean 66.80); NO;™ ranging
40.32-78.97 (mean 58.28); SO42_ ranging 3.39-182.1 (mean
42.02); and F~ ranging 0.13-1.9 (mean 0.62). So, hydro-
geochemistry divulges that the cation abundance follows
the order Na* >Mg?>" > Ca*" > K" and anion abundance
HCO, >CI~>NO,™>S0,* >F". Overall, it is found that
rock weathering, dissolution and base exchange are the pro-
cesses leading concentration of ions in the groundwater.

Sources of ions in groundwater

Diverse sources of ions and their interrelationship can be
interpreted from correlation matrix (Table 3). Land usage
patterns and pollution are primarily accountable for the vari-
ations in EC or TDS (Gillardet et al. 1999). Excess of agri-
cultural manure input and its runoff, municipal and industrial
sewage wastes and animal excreta essentially serve as major
sources of NO;™, Na*t and CI™ in the groundwater (Jalali
2009). These can further be co-related to EC variability in
the groundwater, and the effect of anthropogenic actions on
the water hydrochemistry can be understood (Han and Liu
2004). The relationship between different ions (Na*, Cl~ and
NO;"7) and EC is shown in (Table 3). Strong and substan-
tial positive correlation between EC and Mg (r=0.71), Na
(r=0.84), K (r=0.48), HCO; (r=0.53), C1 (r=0.78) and
NO; (r=0.59) is suggestive of significant anthropogenic
activities leading to the addition of these ions into the
groundwater of the region. Na-NO; (r=0.55) a good posi-
tive correlation suggests the human influence in enriching

Table 3 Correlation matrix for the groundwater samples

these ions into the groundwater. Anthropogenic sources such
as leachate from dumping site and punctured sewer pipelines
elucidate the significant correlation of NO;—Cl (r=0.60).
Enrichment of NO;~ due to point and nonpoint sources
in the vadose zone of aquifers because of its large ionic size
and percolation of rainfall is generally leads to elevated con-
centration in water below the ground. Interpolation map of
NO;™ (Fig. 2) displays the most part of the region is affected
with NO;™ contamination, which exceeds the permissible
limit of WHO (2004) except few patches in northwestern,
southeastern and central part. But these patches with less
concentration of nitrate are also at the verge of bypassing
the allowed limit of nitrate, as set by WHO. The reasons
behind high concentrations of nitrate in a fast urbanized part
of Varanasi might be poor sewage, leaking of fecal mat-
ter from the septic tanks and locally unmanaged landfill
sites, NOx generated from vehicular traffic movement and
poultry farms (Patel et al. 2016). People are using various
conventional decontamination technologies worldwide to
protect themselves from the adverse effects of the elevated
nitrate intake. Among the different nitrate removal methods
available, the most frequently used are reverse osmosis, ion
exchange, membrane technology, adsorption and biological
treatments (Costa et al. 2018; Madhav et al. 2018).

Hydrochemical Facies and Water type

The word “Hydrochemical facies” describes the occurrence
of groundwater modes in an aquifer system differing in their
chemical compositions and is primarily a function of geol-
ogy, the kinetics of the solution and aquifer flow patterns
(Todd 1980). In a piper trilinear diagram, the water type
was determined by plotting major ionic values (% meq/l) of
groundwater samples (Piper 1944) (Fig. 3). All groundwater
samples point lies in the fields of 1, 3, 4, 5 and 9 as seen
from the middle diamond-shaped plot of the chemical data

pH EC TDS Ca’t Mg®>*  Nat K* HCO,~ SO/  CI F~ NO,~
pH 1
EC -0.099 1
DS -0.109 0920 1
Ca?* 0.000 -0.607  -0480 1
Mg** -0.236  0.710 0.748 -0.607 1
Na* -0.308  0.844 0.822 -0232 0542 1
K* 0.101 0.475 0.557 -0202 0147 0316 1
HCO;~  —-0.063  0.534 0.587 -0.154 0552 0579 0430 1
SO,* -0.404 0518 0.571 -0203 0413 0585 0120 -0.163 1
Cl- -0291  0.775 0.855 -0211 0609 0827 0543 0474 0675 1
F~ -0.037  0.046 0.189 -0.005 0325 0.184 0032 0442 0.025 0216 1
NO;~ -0.205  0.593 0.650 -0.098 0566 0547 0301  0.603 0.116 0600 —0.137 1
:jﬁ;?ﬁmﬁﬁ"}w @ Springer
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Fig.2 Spatial distribution of
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in the trilinear diagram which suggests that alkaline earth
leads to alkalies, weak acids lead to strong acids and carbon-
ate hardness leads to 50% (Table 4). Total hydrochemistry
is majorly a function of alkaline earths and weak acids as is
clear from the plots. Based on the plot, Ca-Mg-HCO; was
inferred as major hydrogeochemical facies. Ca—-Mg type and
HCO; type were the dominating cation and anion facies,
respectively. Dissolved solids in the subsurface water are
contributed by the hydrogeochemical processes whose qual-
ity is later on altered as a result of anthropogenic activities,
as is evident from the Piper’s diagram.

Gibb’s diagram

A reaction between subsurface water and the minerals of
aquifer plays a substantial role in the quality of water that
helps to understand the water genesis (Gibbs 1970; Alam
2013). Gibb’s diagram shows three different regions like
rainfall dominance, evaporation dominance and weathering
dominance. Gibb’s diagram is explained on the basis of two
ratios, one is for cation and another one is for anion, as a
function of TDS.

Ratio 1(for cation) = (Na + K)/(Na + K + Ca)
Ratio 2(for anion) = C1/(Cl + HCO;)

pjaliase cllol & :
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In the present study, all the samples fall in rock domi-
nance for both ratios which means that the quality of ground-
water is being affected by the chemical weathering of rock
minerals (Fig. 4a, b).

Water Quality Index

Calculation of water quality index (WQI) is done to under-
stand the quality of groundwater so as to know whether it is
fit for drinking purposes.

The computed WQI values are divided into five classes:
excellent (< 50), good (50-100), poor (100-200), very poor
category (200-300) and unsuitable for drinking (> 300) (Sahu
and Sikdar 2008; Singh et al. 2016). The WQI value of the
study region ranges from 16.09 to 53.03. Out of 15 samples,
93% come under excellent water category and rest under
good water category. The spatial allocation map of the WQI
revealed that most of the area (Fig. 5) has excellent water. A
patch of good water is in northeastern zone. In general, the
study region has excellent to good water for drinking purpose.

Classification of groundwater for irrigational
purposes

The excess amount of salts in the soil changes the structure
of soil, its permeability and aeration which in turn link
with the growth of plants (Mohan et al. 2000; Umar et al.
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Fig.3 Piper trilinear diagram
showing the relative cation and
anion composition of ground-
water samples

80%

Table 4 Hydrochemical facies

. . . Subdivision Characteristics of corresponding subdivision of diamond-shaped field Samples % in
derived from piper diagram different fields

1 Alkaline earths(Ca+Mg) exceed alkalies (Na+K) 100

2 Alkalies exceed alkaline earths 0

3 Weak acids(CO3 +HCOj;) exceed strong acids (SO, +CI+F) 93.33

4 Strong acids exceed weak acids 6.66

5 Carbonate hardness(secondary alkalinity) exceeds 50% 93.33

6 Non-carbonate hardness (secondary salinity) exceeds 50% 0

7 Non-carbonate alkali (primary salinity) exceeds 50% 0

8 Carbonate alkali (primary alkalinity) exceeds 50% 0

9 None of the cation and anion pairs exceed 50% 6.66

2001; Alam 2010, 2013). It does not allow water to reach
different parts of the plants, which in turn reduces the agri-
cultural productivity (Rao et al. 2013). So for long-term
productivity, it is important to have knowledge of quality
of water used for irrigation to understand what manage-
ment changes are essential (Jalali 2011; Srinivasamoorthy
et al. 2014).

The quality of irrigation water is decided by estimation
of criteria like EC, salinity, percent sodium (%Na), sodium

adsorption ratio (SAR), RSC, permeability index (PI), Kel-
ly’s ratio and magnesium ratio.

Residual sodium carbonate (RSC)

Total CO;~ and HCO;™ affects the water quality as it
causes the precipitation of alkaline earth chiefly Cat?
and Mg*?, which in turn increases the percentage of Na*
(Eaton 1950). The Na* gets combined with the excess
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Fig.4 Mechanism controlling groundwater chemistry (Gibbs 1970).
a Gibbs ratio 1 (for cation), b Gibbs ratio 2 (for anion)

carbonates forming NaHCO;, called the residual sodium
carbonate (RSC) (Rao et al. 2013). It affects the soil struc-
ture. The physical properties of soil are influenced by a
large amount of sodium bicarbonate and carbonate, which
is formed when the organic matter dissolves in the soil,

Fig.5 Spatial distribution of
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leaving a black stain on its surface when it dries (Kumar
et al. 2007; Srinivasamoorthy et al. 2014).

The RSC value in the study region ranged between —4.35
and 2.27 (Table 5). Classification of groundwater sample of
the study area can be done based on RSC value as suitable or
safe, if the RSC is less than 1.25 meq/l; marginally suitable,
if the RSC is between 1.25 and 2.50 meq/l; and unsuitable
if the RSC is more than 2.50 meq/l. 87% of samples fall in
a good category, 13% fall in the medium category, which
clearly show that nearly all groundwater samples are fit for
irrigation.

Percent sodium and EC

Sodium ion is of great significance for the categorization
of irrigation water as it reacts with the soil and reduces its
permeability. Therefore, assessment of water fitness for irri-
gation purposes is widely done on the percentage of Na*
(Wilcox 1955). Na % decreases the permeability of soil and
results in poor internal drainage of soil (Subramani et al.
2005; Singaraja et al. 2014).

Na % in the study region ranges between 13.50 and 48.86
(Table 5). In the current study, all samples are under 60%,
which are classified as excellent by permissible category for
irrigational purposes. The chemical quality of groundwater
samples was analyzed by plotting analytical data (Wilcox
1948) relating EC and Na % (Fig. 6). It is observed that
47% of the samples come under excellent to good class and
53% of the samples come under good to permissible class
(Table 6). Clays tend to absorb high concentrations of Na
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Table 5 Categorization of groundwater samples for irrigational purposes

Quality parameter Sample range Range Classification Sample No. (%)
(Min-Max.)
Na % (meq/1) 0-20 Excellent 27
20-40 Good 60
13.50-48.86 40-60 Permissible 13
60-80 Doubtful -
> 80 Unsuitable -
SAR (meq/l) 0-10 Excellent (appropriate for all type of crops and soil except for those 100
crops sensitive to Na)
0.53-2.37 10-18 Good (suitable for coarse textured or organic soil with permeability) — —
18-26 Fair (harmful for almost all soil) -
> 26 Poor (unsuitable for irrigation) -
RSC (meq/l) <1.25 Good 87
—-435t02.27 1.25-25 Medium 13
>2.5 Bad -
EC (uS/cm) <250 Low salinity hazards (good) -
430-1110 250-750 Medium salinity hazard (moderate) 47
750-2250  High salinity hazard (poor) 53
>2250 Very high salinity hazard (very poor) -
Kelly’s ratio (meq/l) <1 Suitable 100
0.15-0.81 1-2 Marginally suitable -
>2 Unsuitable -
Mg hazards (meq/l) 29.58-90.5 <50 Suitable for irrigation 27
>50 Harmful for irrigation 73
PI (meq/l) Class 1 Max. permeability 93
38.85-77.58 Class 2 75% of max. permeability 7
Class 3 25% of max. permeability -
100 Table 6 Categorization of groundwater based on Wilcox diagram
90 (Wilcox 1948)
32 Permissible to Doubtful . Category No. of samples % sample
o 90 3 \ f; o Excellent to good 7 47
Z 50 %) * 2 2 L.
£ é ’. 3 3 Good to permissible 8 53
30| 2 o ] 5 Permissible to doubtful - -
20| 3 ‘:’ ®  Good to permissible § Doubtful to unsuitable - -
10 Unsuitable - -
0 0 500 1000 1500 2000 2500 3000 3500
EC (uS/cm)

Fig.6 Rating of groundwater samples based on electrical conductiv-
ity and percent sodium (Wilcox 1948)

* in irrigation water and to displace Ca>* and Mg ** by
ion exchange, lowering the permeability and thus making
the soil poor in drainage (Raju et al. 2009; Rao et al. 2013;
Ahamed et al. 2013; Xiao et al. 2014).

Salinity hazard versus alkali hazard

To evaluate quality of water that whether it is suitable for
irrigation, the hazards, which are linked with the salinity and
Na*, play a vital part in the development of plant growth.
High salt content (high EC) in water makes the soils saline
(Raju 2007; Raju et al. 2009), which is the foremost reason
for crop loss. Na* forms alkaline soils, with a combination
of carbonates and saline soils, with a coalition of CI~, which
reduces the growth of plants (Rao et al. 2013). Salinity arises
in groundwater when the rocks get weathered, input of salts
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from anthropogenic sources and leaching from top soil along
with small influence on climate (Singaraja et al. 2014).

The measured value of EC is varied between 430 and
1110 pS/cm (Table 5) Irrigation water was qualified by
Richards (1954) into four categories on the basis of EC val-
ues. The zones (C1-C4) have the value of EC <250 (low),
250-750 (medium), 750-2250 uS/cm (high) and more than
2250 puS/cm (Very high), respectively. As per Richards, it is
observed that 47% of the samples fall in moderately saline,
53% of the samples in the highly saline zone (Table 5).

In the present study, SAR value ranges between 0.53 and
2.37 (Table 5). In terms of categorization of irrigation water,
sodium hazard is conveyed, as low (S1: < 10), medium (S2:
10-18), high (S3: 18-26) and very high (S4:>26). In this
study, all samples (100%) fall in (low) excellent category.

USSL 1954

US Salinity Laboratory Staff (USSL 1954) diagrams were
used to classify the samples. The USSLS diagram links
sodium adsorption ratio (SAR), which conveys the sodium
or alkali hazard, to EC (salinity hazard) (Fig. 7). 47% of the
groundwater samples fall in the zone of C2S1 (medium salty
and low sodium), which is suited for all plants but drainage
should be good. 53% of samples fall under the zone C3S1
(high salty and low sodium), which can be used with little
danger of exchangeable sodium for irrigation of the majority
of the soils and crops (Raju et al. 2009, 2011).

Permeability index
Based on PI (Doneen1964), a standard has been developed

for estimating the fitness of water for irrigation uses. On
the basis of PI, the water quality can be classified into

c1 c2 c3 ca
28
~—_|
24 \
20 s4
S .
T 16 —
§ 12 \\
—
5 e T =
a \\ s2
*
0 peeiry g s1
0 250 500 750 1000 1250 1500 1750 2000 2250 2500
EC(pS/cm)
Sodium Hazard Salinity Hazard
S1:Low Cl:Low
S2: Medium C2:Medium
S3:High C3:High
S4: Very high C4: Very high

Fig.7 Rating of groundwater samples in relation to salinity hazard
and alkali hazard (after US Salinity Laboratory diagram 1954)

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

three classes. The class I is suitable for irrigation, which
has 100% maximum permeability. The class II is margin-
ally fit for irrigation, which shows 75% maximum perme-
ability. The class III is unsuitable for irrigation, which is
linked with the 25% maximum permeability. In the present
study, PI ranges from 38.85 to 77.58 (Table 5). Based on
PI values, 93% of samples come under class I category
and 7% under class II category in Doneen’s chart (Fig. 8).
In general, nearly all the samples lie in class I group sig-
nifying water is good for irrigation uses (Arumugam and
Elangovan 2009; Srinivasamoorthy et al. 2014).

Kelly’s ratio

Kelly’s ratio is utilized to examine the fitness of ground-
water for agricultural uses. Na* measured against Ca>* and
Mg?* was developed by Kelly (1963). The groundwater
having a Kelly’s ratio > 1 is not considered fit for irriga-
tion (Sundaray et al. 2009; Srinivasamoorthy et al. 2014;
Patel et al. 2016). Kelly’s ratio ranges between 0.15 and
0.81 (Table 5), which was found < 1 and seems suitable for
irrigation purposes.

Magnesium Hazard (MH)

Szaboles in 1964 has given MH ratio for checking the fit-
ness of water for irrigation. In general, Ca>* and Mg?* are
in a state of equilibrium in nearly all waters, but the salin-
ity of water will add to with rising amount of magnesium
in water, which in turns affects the crop yield (Joshi et al.
2009; Singaraja et al. 2014). Water having MH value > 50
is believed to be unsafe and thus is considered not appro-
priate for irrigation because it declines the crop yield
(Sreedevi 2004; Rao et al. 2013; Singaraja et al. 2014).
The value of MH ranges between 29.58 and 90.5. 73% of
samples (Table 5) fall > 50 of MH value, which are not

40

w
o

25% of max. permeability
75% of max. permeability

Total conc. (meq/l)
S

=
o

CLASS-2

CLASS-3

120 100 80 60 40 20 0
Permeabilityindex (PI)

Fig. 8 Groundwater suitability for irrigation based on Doneen perme-
ability index plot (1964)
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suitable for irrigation, while the remaining 27% samples
found below 50, making it suitable for irrigation.

Conclusion

The subsurface water of this study is faintly alkaline by
nature. Hydrogeochemistry of the Varanasi area shows
that most of the samples for majority of parameters lie in
the acceptable limits set by WHO (2004) standard, except
nitrate. 80% of the groundwater samples were found to
have nitrate concentrations beyond the limit prescribed
by WHO, i.e., 50 mg/l. The high concentration of nitrate
may be due to poor sewerage, human excreta leakage
from septic tanks, locally mismanaged disposal of solid
waste, agricultural activities, wastewater irrigation and
irrigation runoff. For safe drinking water, ion exchange,
reverse osmosis and distillation are the useful methods
of nitrate remotion. Ca-Mg-HCO; was inferred as major
hydrogeochemical facies from Piper trilinear diagram.
Hydrogeochemistry tells about the order of cation and
anion abundance which is Na*>Mg*™ > Ca®* > K" and
HCO;™>Cl™>NO;™ >S0,* >F~, respectively. Correla-
tion matrix is used to identify the sources of major ions in
subsurface water. TDS is positively correlated with Mg?*
(r=0.75), Na* (r=0.82), K* (r=0.56), HCO;™ (r=0.59),
S0,> (r=0.57). Very good correlation of NO,;—Cl
(r=0.60) and Na-NO; (r=0.55) signifies the anthropo-
genic input along with geogenic contribution providing
these ions into groundwater of this study. Gibb’s value
indicates chemical weathering of rock minerals is affect-
ing the groundwater quality. The WQI value of the study
region ranges from 16.09 to 53.03. Almost 93 % samples
come under excellent water category and rest 7% under
good water category. Overall, the study region shows
excellent to good water for drinking purpose. As per the
categorization of water for irrigation purpose by using
various indices, water is fit for agricultural uses.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
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