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ABSTRACT

Using geospatial approaches, this study aims to delineate the non-carcinogenic risk zones based on the
consumption of contaminated groundwater in the Vaniyambadi region of northern Tamil Nadu. The
availability of water is key to the sustainability of societies and to the quality of life. When it comes to
groundwater, quantity and quality are both crucial. More health concerns are associated with drinking
polluted water. The use of pesticides, fertilizers, wastewater discharge, and industrial effluents can all
contaminate water sources. Twenty groundwater samples were taken in order to comprehend and exam-
ine the physicochemical parameters as well as to determine the amount of nitrate in the groundwater and
how it affects people’s health. The piper trilinear diagram makes it clear that SO, or Cl predominates in the
samples, indicating that all of the samples come into the “strong acids exceed weak acids” category. It is
mostly explained by the existence of industries and agricultural activities. To determine several thematic
maps and determine the groundwater quality, the Inverse Distance Weighted (IDW) method, an inter-
polation method in ArcGIS, is employed. According to research on the general quality of groundwater,
the water in the study region indicates that it should not be used directly for consumption and that no
effective irrigation can be done with it unless salt-tolerant crops are grown. Hazard quotients (HQ) were
used as a criterion for evaluating non-carcinogenic risks in both adults and children. The findings suggest
that everyone is at danger from nitrate ingestion regardless of age oral consumption of groundwater high
in nitrates About 82% of children, 73% of women, and 55% of men are at risk for health problems. For
all groups, the health risks associated with nitrate absorption through skin are essentially nonexistent.

Keywords: ~ Groundwater; Industrial area; Non-carcinogenic risk; Geospatial techniques; Northern
Tamil Nadu, India
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1. Introduction

Groundwater supply must be safeguarded because
humankind’s sustainability and survival are largely depen-
dent on water. Power generation, agricultural productivity,
environmental purity, and industrial expansion are some
of the natural and human-made processes that rely on
water availability. Scientists prioritise access to fresh water
and the prevention of contamination in this time of water
scarcity and pollution. The earth’s widely accessible natu-
ral resource, groundwater, has been used as a result of the
massive population growth, industry diversification, and
industry diversification. More than 3 d without water are
not enough for humans to survive [1]. Therefore, ground-
water is the liquid that fills the crevices and voids in soil,
sand, and rock that are in the saturated zones under the
land surface. One of the things required for human sur-
vival is it [2]. Percolating water enters the aquifer, where
it is held and travels slowly through geological strata
[3]. One of the most serious environmental problems of
our century is the gradual decline in fresh water supply
during the past few decades [4]. Due to increased indus-
trialization, urbanisation, population growth, and over-
use of groundwater resources, water management and
conservation have become increasingly difficult [5]. The
discharge of agricultural, domestic, and industrial waste
to the resource, land use patterns, geological formation,
rainfall patterns, and infiltration rate are all factors that
affect groundwater quality. Groundwater contains a higher
proportion of dissolved constituents than surface water
because it interacts with different minerals in the geologic
strata on a more frequent basis [6]. Water-borne diseases
continue to be a major concern in India, with a large popu-
lation affected by either infectious or chemical water-borne
diseases [42].
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By assessing both the daily water consumption rate
and the hazard factor of the specific pollutants, human
health risk can be evaluated [43,44]. All around India, stud-
ies on the evaluation of fluoride and nitrate risks and the
effects on human health have been done [6-10] The tanning
business is one of India’s oldest sectors [11,12]. Large
commercial tanneries were established when tanneries
proliferated in response to the rising demand for leather
and leather items. In addition to using a lot of water during
production, the tanning industry is a major producer of
both tanned and untanned solid waste as well as liquid
effluents [13,14]. The main goals were to create a data-
base of the Vaniyambadi area by preparing various the-
matic maps, to assess lulc changes over a ten-year period
(2008-2018), to demarcate favorable groundwater qual-
ity domains for drinking and agricultural practices using
geospatial techniques, and to evaluate the human health
risks associated with nitrate contamination in groundwater.

2. Experimental section
2.1. Study area

The research area (Fig. 1) is in South India, in the Tamil
Nadu state’s northern region, northeast of the Tirupattur
district. The research area also includes the town of
Vaniyambadi. The population of the Vaniyambadi
Municipality is 95,061. To define the study area, Survey
of India toposheet 57L/10 (SOI 2011) was used. It has an
area of 24 km? and is bordered by latitudes 12°40'14.7"—
12°42’50.1” N and longitudes 78°34’57.9"-78°39'12.9” E.
This area is traversed by the Palar River, which runs from
Kanakanachi in Andhra Pradesh to Tamil Nadu [15]. The
elevation of the ground varies from 330 MSL to 414 MSL.
Vaniyambadi’s climate is classified as tropical by the
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Fig. 1. Sample locations from study area.
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Koppen-Geiger climate classification since summer pre-
cipitation is higher than winter precipitation. The summer
season, with temperatures averaging over 35.5°C, runs
from March 14 to May 28, and the winter season, with tem-
peratures averaging below 30°C, runs from October 28 to
January 19. 27.2°C is the average annual temperature [16].
The southwest (SW) and northeast (NE) monsoon seasons
are when the study area experiences the majority of its
rainfall [17,18]. Clay soil (ustifluvents), which predomi-
nates in this region along with red soil, makes up a signifi-
cant component of the research area and is found over the
flood plain of the Palar River (CGWB). The acid to inter-
mediate charnockite of Archean age, pyroxene granulite
and garnet gneiss, granite, and epidote hornblende gneiss
are the main rock types discovered. There is virtually lit-
tle Archean charnockite outcrop in the research region.

2.2. Need for the study

Vaniyambadi is one of the major industrial area and
the people living in this region mainly depend on ground-
water for their needs. Surface water, groundwater, and
soil are highly polluted due to industrial effluents. As per
WHO standards 45 g/L is the permissible limit of nitrate
for human intake. The excess of nitrate in drinking water
causes many health problems in adults as well as in children.
In children, it may cause the blue baby disorder which is
caused by the reduction of oxygen in the blood of babies.

3. Materials and methods
3.1. Sample collection and analysis

A total of 20 samples were taken at random during
the month of January 2020 from wells that were mostly
used for drinking, farming, and domestic purposes. From
Kodaiyanchi (12°40°14.7” N - 78°34’57.9” E) to Marapattu
(12°42°50.1” N - 78°39'12.9” E), water samples were
taken. Using the portable GPS device, the Longitude and
Latitude (GPS) coordinates of each sampling well were
recorded. Clean 1 L polythene bottles with an acid wash
before being rinsed twice with an environmental sample
were used to collect and store the samples. The indicators
of water quality were examined in accordance with the
American Public Health Association’s guidelines (APHA,
2005). The results of the physicochemical parameters of
groundwater samples are displayed in Table 1. HANNA
EC/TDS metre used to measure EC, TDS, and salinity; por-
table water quality kit used to detect pH. The presence of
Ca*, Mg*, CI', COZ, and HCO; was examined using the
titration method, whilst the presence of Na' and K* was
determined using a flame photometer. A UV spectropho-
tometer was used to analyse SOj‘, NO;, and F-. Piper’s
trilinear diagram is plotted using AquaChem software
using main cations and anions.

3.2. lonic balance error

The total quantity of the major cations must be compara-
ble to or below 10% of the total amount of the major anions
in order for the chemical analysis of each groundwater

Table 2
Quality of irrigation water based on electrical conductivity

Electrical conductivity Water class Percentage of

(uS/cm) samples (%)
<250 Excellent Nil

250-750 Good Nil
750-2,000 Permissible 30%
2,000-3,000 Doubtful 25%

>3,000 Unsuitable 45%

sample to be accurate. Eq. (1) can be used to determine the
ion balance error (IBE).

(Zr -2

IBE=-=—=—— @™

(Xv+2r")

where y© v# are indicating the total cations and anions con-
centration expressed in megq/L. The computed ion-balance
error (IBE) indicates that all the samples are within the
limit of +10%.

3.3. Groundwater quality evaluation

The groundwater resources are continuously exploited
and contaminated due to overpopulation and industri-
alization. Less availability of good quality water tends
people to take polluted water. The assessment of ground-
water quality is crucial for home, industrial, and agricul-
tural uses since groundwater is essential for the entire
population. Drinking-water quality guidelines are chiefly
for the protection of public health. Both qualitative and
quantitative evaluations are essential to control the water
quality from different sources of supply [19-21]. Drinking
water quality was analyzed from physicochemical param-
eters like TDS pH and using a piper tri-linear diagram
also. The four primary parameters for assessing the qual-
ity of water for irrigation are residual sodium carbonates
(RSC), sodium hazard (sodium adsorption ratio-SAR),
water salinity (EC), and permeability index (PI). Based
on these numbers, diagrams like the USSL diagram and
Wilcox Diagram can be produced and studied. Eqgs. (2)-(5)
are used to determine the SAR, Na%, RSC, and PI.

SAR=——Na__ )

%(Ca2+ + Mgz*)

(Na* +1<+)><100

Na%=— 3 3)
Ca* +Mg"" +Na’ + K"
RSC = (HCO; =+CO7 ) - (Ca™ + Mg*) 4)
Na* +,/HCO;
PI=—0 N5 00 5)
Ca’" +Mg“"Na*
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3.4. Health risk assessment

The three most prevalent ways that humans are exposed
to trace metals are through the mouth and nose, skin absorp-
tion, and direct ingestion. These are ingested by drinking
water that contains them, and they are absorbed through the
skin [22,23]. According to the USEPA, risk assessments for
both children’s and adults” health were conducted in four
stages: (i) risk recognition, (ii) dose evaluation, (iii) estima-
tion of exposure, and (iv) hazard depiction [24]. Since nitrate
is declared as non-carcinogenic pollutants by USEPA (2014)
importance is given.

In the present study, health risk evaluation was done
among children and adults for nitrate in groundwater based
on consumption of drinking water. The hazard quotient for
both dermal contact and oral intake was calculated. The
average regular dosage (ADD) through oral intake in chil-
dren and adults from groundwater sources were calculated
using Eq. (6) [25].

(CPW xIR x ED x EF)
(ABW x AET)

ADD (6)

oral

In the equation above, the average regular dosage
(ADD) represents the consumption rate of nitrate (mg/
kg/d), the concentration of pollutants in the groundwater
(mg/L), the exposure duration (ED) in years, the expo-
sure frequency (d/y), the intake rate (IR) in L/d, the mean
average weight of the human body (ABW) in kg, and the
mean exposure time (AET) in years, which is equivalent to
the expected lifespan of a person 365 d/y are used as the
conversion factor in computations. For calculations, as per
USEPA water usage by adults (both men and women) is
taken as 2.5 L/d, and by children is 0.9 L/d (WHO 2017;
USEPA 2014). The period of exposure for men, women, and
children is taken as 64, 67 and 12 y respectively (Narsimha
and Rajitha 2018). AET values were taken as 23,360, 24,455,
and 4,380 for men, women, and children correspondingly.
Average weight (ABW) is taken as 64, 67, and 15 kg for
men, women, children appropriately.

The average dosage for dermal (DAD) absorption
of nitrate containing water by children and adults from
groundwater sources was calculated using Eq. (7).

TCxKi x EV x EF x ED x SSA x CF)

paD-
(ABW x AET)

@)

Here DAD is the average dermally absorbed dose (mg/
kg d); TC is the contact duration which is 0.4 h/d for all
categories. Ki is the dermal adsorption parameters taken
as 0.001 cm/h, EV is the bathing frequency (times/d) con-
sidered as once in a day [26,27]. Skin surface area (SSA) is
taken as 16,600 cm? for adults and 12,000 cm? for children,
correspondingly. CF is the unit conversion factor [28]; EF
is the exposure frequency (d/y) which is 365 d/y. The expo-
sure duration ED is considered as 64 and 67 y for men
and women, and 12 y for children [29]. ABW is taken as
65 kg for men, 55 kg for women, and 15 kg for children,
respectively. AET values were taken as 23,360, 24,455,
and 4,380 for men, women and children correspondingly.

The reference value indicates the dosage of non-
carcinogenic dangers in humans. The exposure of contami-
nantssurpassing this valueresultsin toxiceffects.Itisindicated
as hazard quotient (HQ), which is calculated using Eq. (8):

ADD DAD
HQ="_"el and HQ = —— dem ®)

RfD RfD

where the oral exposure reference dosage is signified by
RfD which is 1.6 mg/kg/d for NO; while for F~ it is 0.04 mg/
kg/d [30]. The hazard quotient (HQ) was computed for
all groundwater samples for the age groups ‘children’
and ‘adults’ (both men and women). Eventually, the safe
(HQ < 1) and risk (HQ > 1) samples were identified based
on the HQ values.

The numbers for the aforementioned computations must
be depending on the study region because these parameters
won't be the same for all areas [31,32].

3.5. Spatial analysis

One of the key tools for determining various param-
eters using spatial distribution maps is the geographic
information system, or GIS [33,34]. ArcGIS version 10.2.1
software was used to generate different thematic maps,
such as spatial variations of physicochemical parameters,
using an interpolation method namely Inverse Distance
Weighted (IDW).

4. Results and discussion
4.1. Hydrogeochemical facies

In this study, the term “hydrochemical facies” is used
to describe the chemical characteristics of ground-water
solutions that occur in hydrologic systems. The response
of chemical activities taking place inside the lithologic
framework, as well as the water flow pattern, are reflected
in the facies. Trilinear diagrams, isometric fence diagrams,
and maps that display the chemical isopleths inside par-
ticular formations all display the distribution of these
facies. The presence of different facies within a single for-
mation or a collection of formations with similar mineral
composition suggests that the distribution of the facies is
altered by ground-water flow through the aquifer system.
The hydro-geochemical facies is inferred from the piper
trilinear diagram. chemical relationships of groundwater
can be accurately understood from the diagram [35].
The piper diagram consists of two triangles each for
cations and anions in meq/L. The diamond-shaped field
indicates the combined single point of cations and anion
fields and inference is made on the hydro-geochemical
facies concept (Fig. 2). The whole field has 100 parts, with
the vertical representing 100. In the lower-left, cations
(Ca*, Mg*, Na*, K") are plotted as a single point. Similarly,
the anion group (COZ + HCO; and CI), are plotted in
the lower right trilinear field. These plots denote relative
dissolved concentrations of constituents in groundwater.
A point is formed by the intersection of lines projected
from the cation and anion facies. This implies the central
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diamond-shaped fields which indicate the overall chem-
ical character of groundwater. The plotting of the cation
and anions indicates the relative concentrations of the con-
stituents in the groundwater but not the absolute concen-
tration. Hydrochemical facies can be classified based on
dominant ions in the facies through this trilinear diagram
[36]. Samples are categorized based on their position in
the trilinear piper diagram. Based on the ion concentra-
tions the sample plots in various facies on the piper trilin-
ear diagram is furnished [35,36]. Based on the dominance
of a particular ion the sample finds a spot in the anion and
cation triangle (Fig. 2). The samples can be categorized
into various types based on their position in the anion/
cation triangle. Among the 11 representative samples col-
lected, 45.45% of the samples are sodium—-potassium type,
45.45% samples plots on the no dominant region, and the
rest 9.1% found in the calcium type region of the cation
triangle. In the anion triangle, 81.8% of samples find a spot
in the chloride type region and the rest occupies in the
non-dominant type. From the piper diagram it is visible
that all the samples are under the ‘strong acids exceed
weak acids’ division; this indicates that the samples are
dominated with SOZ- or CI". The presence of the tanning
industry in the study area accounts for the above state-
ment as strong acids are possible effluents from the tan-
ning industry.

4.2. Evaluation of water quality
4.2.1. Drinking water quality

pH is the measure of Hydrogen ion concentration which
indicates the extent of acidity or alkalinity of a solvent.
The normal range of pH in the surface water is between
6.5 and 8.5 while 6 to 8.5 for groundwater. In our collected
samples, we can see that the pH values show a maximum
of 8.02 and a minimum of 6.9 and 7.4 is the average pH
value [45]. The pH values indicate that the water in the
area is slightly alkaline in nature. The maximum permissi-
ble pH level for groundwater is 8.5 and here all the water
samples are within the permissible limit. TDS is defined as
the total solid materials dissolved in a solution which can
be in the ionized state or non-ionized. TDS doesn’t include
the suspended colloids or dissolved gases. The type of
water quality and salinity is indicated by the TDS. Thus, the
standard of drinking water is determined from the quantity
of TDS present. High TDS indicates that the water is highly
mineralized, and this water is improper either for con-
sumption or for industrial use. The concentration of TDS
above 2,000 ppm produces laxative effects. TDS is classified
into four categories. Freshwater which is having a value
of less than 1,000 mg/L. Brackish water which is having a
value between 1,000-10,000 mg/L, Saline water having TDS
between 10,000-100,000 mg/L, and brine water with TDS
greater than > 100,000 mg/L respectively. Groundwater in
the study area represents freshwater and brackish water
classification, sixteen out of twenty water sample TDS value
exceeds 1,000 mg/L and less than 10,000 mg/L. Only four
samples fall under the freshwater category. The increased
amount of TDS indicates the increased amount of pollut-
ants in it. The dominance of SO, or Cl may be due to the use

Piper Diagram

CI+NO3

Fig. 2. Chemical facies of groundwater on Piper trilinear
diagram.

of agricultural fertilizers, pesticides, and also the effluents
from the tanning industry.

4.2.2. Suitability for irrigation

One of the main reasons for the presence of salts in
irrigation water is the mineral weathering of rocks and
minerals. Other secondary sources include atmospheric
deposition of oceanic salts, salts in rainwater, and seawater
intrusion into groundwater aquifers. Fertilizer chemicals,
which reach water sources, may also affect the irrigation
water quality.

4.2.3. Electrical conductivity

Salinity hazards in crops can be determined using electri-
cal conductivity. The increased amount of salinity results in
lowering of the osmotic activity of plants by interfering with
the intake of water and nutrients from the soil [37]. Sixteen
out of twenty samples go beyond the allowable limit for irri-
gation purposes [38]. Out of twenty water samples, none of
them falls under the excellent or good categories which indi-
cates that all the EC values are above 750 uS/cm (Table 2).
This indicates that out of twenty samples, nine cannot be
used for any kind of cultivation.

4.2.4. USSL diagram

The salt adsorption ratio (SAR), one of the irrigation
water quality metrics, is primarily utilised in the manage-
ment of sodium-affected soils. The suitability of water for
agricultural activities can be inferred from the quantity of the
primary alkaline and earth alkaline cations present. By ana-
lysing the pore water extracted from the soil, it was possible
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Table 3
Hazard quotients (HQ) computed for children and adults (women and men) based on oral intake and dermal contact of nitrate in
groundwater
Sample no. NO, (mg/L) HQ oral HQ dermal
Children Adult-Women Adult-Men Children Adult-Women Adult-Men
S1 45 1.69 0.94 0.70 9.00 x 10-® 3.40 x 10°° 2.87 x107°
S2 68 2.55 1.42 1.06 1.36 x 1072 5.13 x 107 4.34 x 10
S3 82 3.08 1.71 1.28 1.64 x 1072 6.19 x 107 524 x 107
S4 71 2.66 1.48 1.11 1.42 x 107 5.36 x 10~ 4.53 x 10
S5 17 0.64 0.35 0.27 3.40 x 107 1.28 x 107 1.09 x 107
S6 92 3.45 1.92 1.44 1.84 x 1072 6.94x10°° 5.87 x 107
S7 18 0.68 0.38 0.28 3.60 x 107 1.36 x 1073 1.15x 107
S8 95 3.56 1.98 1.48 1.90 x 10~ 7.17 x10°® 6.07 x 107
S9 63 2.36 1.31 0.98 1.26 x 1072 4.75 %107 4.02 x107°
S10 57 2.14 1.19 0.89 1.14x102 430 x10° 3.64 x107°
S11 70 2.63 1.46 1.09 1.40 x 1072 5.28 x 10 447 x107°
Minimum 17 0.64 0.35 0.27 3.40 x 10°° 1.28 x 107 1.09 x 107
Maximum 95 3.56 1.98 1.48 1.90 x 102 717 x 107 6.07 x 1073
THI 2.31 1.28 0.96 1.23 x 107 4.65x107° 3.94 x10°
% Affected 82% 73% 55% 0% 0% 0%
32 100
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w - 90
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Fig. 3. Salinity and alkalinity hazard of irrigation water USSL
diagram.

to determine the sodicity risk of the soil, another common
diagnostic parameter. The USSL map (Fig. 3), Eq. (2) makes
it clear that 72.72% of the samples fall in the C4-52 zone,
18.18% of the samples fall in the C3-52 region, and the
remaining 9.1% of the samples plot in the C3-5S1 region. The
samples primarily fall into the C3 and C4 classes based on
electrical conductivity. As a result, these samples are unsuit-
able for irrigation. Of the samples, remarkably high salinity
water was identified in 72.72% of them. The groundwa-
ter can, however, be periodically used for irrigation if the
following requirements are met: extremely porous soil;
an area with appropriate drainage; a supply of irrigation

Fig. 4. Suitability of groundwater for irrigation in Wilcox
diagram.

water sufficient to induce leaching; and the presence of salt-
tolerant crops. The remaining waters are discovered to
be rather salty (C3). In places with inadequate drain-
age, the use of C3 type water is restricted. Even if the
water is used in an area where there is good drainage
and crops that can withstand salt, care should be taken to
limit the salinity. The samples are determined to be of the
S1 and S2 types based on the SAR results. S2 type water,
or medium sodium water, makes up 90.9% of the sample.
Under low leaching conditions, medium sodium water can
result in a significant degree of sodium hazard if fine-tex-
tured soil has greater levels of cation exchangeability.
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S2 type water can be used in locations with permeability
and coarse-textured soil. For agricultural tasks, water with
low sodium or S1 type water is recommended. It is best to
stay away from utilising this water in areas with crops that
are sensitive to sodium, though. It is wise to assume that
more than 90% of the samples are unsuitable for irrigation
based on the USSL diagram. If the water is treated to lessen
the amount of salts and sodium present, they can be used
for irrigation.

4.2.5. Sodium percentage (%Na)

The proportion of salt is a factor that determines
whether groundwater is suitable for farming. In megq/L,
the sodium percentage concentrations are given. Eq. (3) is
utilised to determine it. Six of the samples that were taken
fall into the category of being good to permitted for irri-
gation. Five samples that fall into the questionable cate-
gory have sodium contents that are higher than 60% and
cannot be used to grow all kinds of crops. When a higher
sodium concentration is seen in irrigation, the clay particles
have an opportunity to absorb the sodium ions and trans-
fer the Mg and Ca ions. The process of Na in water being
exchanged for Ca and Mg in soil reduces permeability,
which leads to soil that drains poorly [38—41].

4.2.6. Wilcox diagram

Wilcox classified groundwater according to electrical
conductivity and sodium content. According to the estab-
lished criteria, the Wilcox diagram divides electrical conduc-
tance, which is shown in eqm as the abscissa, and sodium
content, which is shown as ordinance, into zones that indi-
cate good and unhealthy waters. Groundwater is broken
down into several categories in the figure, including excellent
to good, good to permissible, permissible to doubtful, doubt-
ful to unsuitable, and inappropriate. The diagram indicates
the pre-monsoon sodium % vs electrical conductivity val-
ues. Between 20% and 65% of sodium is present in samples,
and electrical conductivity ranges from 2,000 to 3,500 s/cm.
The samples placement in the Wilcox diagram can be used
to determine whether or not they are suitable for irrigation
(Fig. 4). We can see from the figure that 36.36% of the sam-
ple is unsuitable for irrigation. Wilcox figure indicates that
54.54% of the samples fall into the zone of uncertainty to
inappropriateness. Only one sample is found to be suitable
for irrigation, and even that sample is located extremely near
the graph’s dubious region. The graphic demonstrates that
the water samples are not suitable for irrigation. This can be
because of any contamination that might have happened as a
result of the local enterprises.

4.2.7. Residual sodium carbonate

Residual sodium carbonate (RSC) is also used as a cri-
terion to gauge irrigation water quality. Alkalinity risks in
soil are indicated by residual sodium carbonate. The amount
of carbonate and bicarbonate in groundwater that is greater
than the total of calcium and magnesium is known as the
residual sodium carbonate level. Eq. (4) is used to compute
RSC. We may comprehend that the water in the study region

is unsuitable for irrigation based on the RSC value. Only
one of the eleven samples has a value below 1.25 meq/L,
which allows it to be used directly for irrigation of all types
of crops; the other ten samples all have values higher than
2.5 meq/L, which prevents them from being used for irriga-
tion of any sort.

4.2.8. Permeability index (PI)

The appropriateness of irrigation water is also assessed
using the permeability index as a criterion. Chemical traces
in the soil that influence irrigation, such as salt, calcium,
magnesium, and bicarbonate, might negatively impact soil
permeability. Eq. (5) is used to calculate it, and the data are
recorded in meq/L. To establish if the water is appropri-
ate for irrigation, pl values are utilized. It is discovered to
be over 60 meq/L, which indicates unsuitability. Its mea-
surements fall between 76.8 and 119. Here, every sample is
greater than 60 meq/L, demonstrating the unsuitability of the
water in the research location.

4.3. Health risk assessment

Oral ingestion and skin exposure are the parameters
used to assess the non-carcinogenic risk in both children
and adults exposed to nitrate-rich groundwater (Table 3).
Calculating the danger quotient was done. The total haz-
ard index should be less than one, per USEPA recommen-
dations. It signifies non-carcinogenic risk for human life
once it surpasses. From the derived HQ values, safe and
risk samples for children and adults were identified. Except
for two samples, all of the oral consumption of nitrate-rich
groundwater data indicate that more than one sample is in
the risk zone for all other samples. For children, the minimal
value is 0.64; for women and men, it is 0.35; and for both, it
is 0.27. The outcome also demonstrates that all three cate-
gories are equally impacted by the consumption of nitrate-
rich water. When children consume groundwater that is
high in nitrates, 82% of children are impacted. Affected are
73% of women and 55% of men.

5. Conclusions

The results of the physicochemical investigation show
that the water in the study area is fresh to brackish and very
slightly alkaline. If the strong acids (Cl" and SO}") in ground
water samples outnumber the weak acids (HCO; and COZ),
this suggests that CI~ or SO is in charge. The majority of
locations had nitrate concentrations higher than the legal
limit for drinking, making it clear that the water cannot be
directly consumed. No effective irrigation can be done with
this water until and until they are salt-tolerant crops since
the salinity hazard of the area is high to very high and also
because the residual sodium carbonate, sodium%, and per-
meability index values are beyond the maximum permitted
level.

Since the study area is well known for agricultural activ-
ities and industries, the involvement of pesticides, fertilizers,
and industrial wastes can also cause changes in the con-
centration of ions. These variations in concentration of ions
include magnesium, calcium, sodium, potassium, chlorine,
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and fluoride. They may be caused by geogenic and anthropo-
genic activities. The examination of land use and land cover
shows that this area is becoming more urbanized. Over the
past 10 years, there have been noticeable changes to the land.
Settlements have grown while the amount of vegetation has
significantly diminished.

Based on HQ measurements for both adults and chil-
dren, the risk of non-carcinogenic effects was evaluated.
That leads us to the conclusion that hazards are the same
for everyone, regardless of age. Because oral ingestion of
groundwater with a high nitrite level puts 82% of children,
73% of women, and 55% of men at danger. THI ranges from
0.64 to 3.56 for toddlers, 0.27 to 1.48 for adults (men), and
0.35 to 1.98 for adults (women). Constant consumption of
nitrate-rich water may seriously harm children’s health. For
all groups, the health risks associated with nitrate absorption
through skin are essentially nonexistent. With the excep-
tion of two samples, all other samples (>45 mg/L) exceed
the permissible limit of nitrate intake. This could occur as a
result of the use of herbicides and fertilizers in the area.

5.1. Recommendations

According to the health risk analysis study, skin con-
tact poses no health risk, but drinking groundwater with a
greater nitrate content poses a substantial risk to both chil-
dren and adults” health. By establishing an artificial recharge
structure, impurities like too much nitrate in groundwater
can be reduced. Therefore, it is possible to advise the con-
struction of artificial recharge. In order to prevent water
and land contamination, all enterprises should use the
zero-liquid discharge (ZLD) concept.
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