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Abstract Groundwater is a major source for drinking and agricultural purposes
to most of the population in Udupi district, southern India. The objective of the
current study is to evaluate the spatial distribution of major ions and drinking water
quality index in the study area. Groundwater samples (N = 100) were collected
during pre-monsoon season. The collected samples were analyzed for major cations
and anions. Based on electrical conductivity, 90 open wells were classified as fresh
(<1500 µS/cm), four open wells as brackish (1500–3000 µS/cm) and six open wells
as saline (>3000 µS/cm). The evaluation of drinking water quality index identified
that seven groundwater samples are good, four are poor, two are very poor, three are
considered to be unsuitable for drinking and 84 groundwater samples are excellent
for drinking purposes. Human health risk assessment revealed that infants were more
vulnerable to health risk than other age groups. The concentrations of nitrate in the
two open wells were above the prescribed limit (>45) which could cause human
health risk for all the age groups. Water management plan in the study area should
prioritize to reduce the nitrate contamination in the study area.

Keywords Saltwater intrusion · Human health risk assessment · Nitrate
contamination · Water quality index

1 Introduction

The demand for groundwater is increasing in recent years because of increase in
the global population, urbanization, industrialization and irrigation. The quality
of groundwater relies on various factors such as the capacity of recharge, quality
of recharged water, subsurface geochemical process overlying land use/land cover
pattern and anthropogenic process [1]. The critical issue with groundwater is that
quality is difficult to restore once it is contaminated. Thus, it is essential to preserve
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the quality of groundwater for its sustainable development andmanagement.Ground-
water quality is evaluated by calculating drinking water quality indices from phys-
ical and chemical water quality parameters [2]. Geographical Information System
(GIS) is an effective tool for assessing the spatial variability of physico-chemical
parameters and groundwater quality [3, 4]. The spatial variability maps enable to
identify the polluted areas and extent of pollution. Water quality index (WQI) is a
useful tool for decision makers in order to develop new strategies for water resource
management [5, 6]. Agricultural activities and discharge of domestic sewage lead
to increased concentration of nitrate in the groundwater environment [7, 8]. The
human health risk evaluation is essential to understand the impact of nitrate contam-
ination on human health. Nitrates easily dissolve in water and commonly present in
groundwater through leaching process [8, 9]. Increased concentration of nitrate in the
groundwater can be hazardous to human health. Continuous monitoring of drinking
water quality is necessary for determining the areas requiring water management
plans. The main objective of the present study is to evaluate the ground water quality
and human health risk of nitrate contamination in parts of Udupi district. There is no
in-depth study that is carried out in the study area to evaluate drinking water quality
and human health risk associated with consumption.

2 Materials and Methods

2.1 Study Area

The selected study area is a part ofUdyavara river basin. TheUdyavara river basin has
25 micro-watersheds from which nine micro-watersheds are selected for the present
study. Udyavara River originates in the foothills of theWesternGhats, Karkala Taluk.
It flows in Udupi and Karkala taluk. It flows parallel to the sea shore for about 10 km
before it meets the Arabian Sea near Malpe. The climate is tropical, hot and humid
with 4500 mm annual rainfall. The average atmospheric temperatures ranged from
22 to 33 °C. Geologically the river basin is composed of granite gneiss, laterite,
migmatite gneiss and fine sand. Groundwater is present in weathered zone of granite
and coastal alluvial sediments. The study area lies between longitudes 74°41′ and
74°48′ E and latitudes 13°12′ and 13°22′ N (Fig. 1) and covers an area of ~130 km2

[10].

2.2 Sampling and Analytical Techniques

In the present study, 100 monitoring wells within the study area were chosen for
ground water sampling during pre-monsoon season, 2019 (Fig. 2). The geographic
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Fig. 1 Location map of the study area

coordinates of the well was recorded using Global Positioning System (GPS—
Garmin make) and loaded to the GIS platform. Monitoring well location map was
created using ArcGIS version 10.1. The collected samples were filled to 1000 ml
pre-cleaned polypropylene bottles. The sample collected bottles were transported
and stored at 4 °C cold room to avoid any significant chemical alteration [11]. The
parameters total dissolved solids (TDS), electrical conductivity (EC) and pH were
determined onsite using HACH multiparameter probes. Ion chromatography (IC,
Dionex™ ICS1100) was used to analyze major cations (Na+, Ca2+, Mg2+, K+) and
anions (Cl−, SO2−

4 , NO−
3 , PO

3−
4 ). Bicarbonate was measured using Metrohm auto-

titrator. The accuracy of the analysis was assessed by calculating the charge balance
error (CBE). CBE values of the analyzed groundwater data were within 10%.

2.3 Water Quality Index Calculation

WQI is calculated using weighted arithmetic formula [12]. Many researchers across
the globe calculated WQI and identified polluted and unpolluted groundwater [13–
16]. The overall results ofWQI are interpolated and spatial variabilitymap of ground-
water quality is prepared. WQI calculation has four steps. The steps include various
water quality parametermeasurements and its conversion into dimensionless number.
Next, weight assignment is done depending on their significance and aggregation of
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Fig. 2 Monitoring well
locations in the study area

quality rating based on the final WQI values. The WQI is calculated using Eq. 1,

WQI =
n∑

i=1

Wi × Qi (1)

whereWi is the relative weight of each water quality parameters andQi is the quality
rating. The Wi is calculated using the Eq. 2,

Wi = wi∑n
i=1 wi

(2)

where wi is the weight of each water quality parameter and n is the number of
parameters. The Qi is calculated using the Eq. 3.

Qi = 100 × Ci

Si
(3)
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Table 1 Weight and relative weight of groundwater quality parameters used in the computation of
WQI

Parameters Weight (wi) Prescribed standard (Si) as per WHO Relative weight (Wi)

pH 4 6.5–8.5 0.11

TDS 5 500 0.13

Na+ (mg/l) 4 200 0.11

K+ (mg/l) 3 20 0.08

Mg2+ (mg/l) 3 30 0.08

Ca2+ (mg/l) 3 75 0.08

Cl− (mg/l) 4 250 0.11

NO−
3 (mg/l) 5 45 0.13

SO2−
4 (mg/l) 2 200 0.05

HCO−
3 (mg/l) 3 200 0.08

36 1

where Ci is the measured concentrations and Si is the standard value of water quality
parameters as per World Health Organization [17] drinking water quality standard.
Weight for each parameter is assigned between 1 and 5 (Table 1).

2.4 Assessment of Human Health Risk

The present study used USEPA (United States Environmental Protection Agency)
method to assess human health risk associated with consumption of groundwater
contaminated with . Increased concentration of NO−

3 in drinking water lead to non-
carcinogenic human health risk [18]. Human health risk is calculated for different age
groups such as infants (0–1 years), kids (1–7 years), children (8–12 years), teens (13–
20 years), adults (21–60 years) and aged people (61–69 years). The hazard quotient
(HQ) due to ingestion through drinking water is calculated using the Eq. 4 [19].

HQ = ADI

RfD
(4)

where ADI is average daily ingestion (mg/kg/day). RfD is reference dosage of
the nitrate, which is 1.6 mg/kg/day based on USEPA [18] guideline. The ADI is
calculated using the Eq. 5.

ADI = CPW × IR × ED × EF

Bw × AT
(5)
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CPW is measured concentration of nitrate in groundwater sample (mg/l). IR is
average ingestion rate (in liters) which were considered as 0.8 (infants), 1.35 (kids),
1.9 (children), 2.2 (teens), 2.94 (adults) and 2.6 (aged people). ED is exposure dura-
tion (in years) which were taken as 0.75 (infants), 8 (kids), 13 (children), 40 (adults)
and 64 (aged people). EF is exposure frequency which is 365 days. BW is body
weight (in kg) which were noted as 11 (infants), 25 (kids), 35 (children), 55 (teens),
76 (adults) and 65 (aged people).AT is average life expectancy (in days) 274 (infants),
2920 (kids), 4745 (children), 6570 (teens), 14,600 (adults) and 23,360 (aged people).

2.5 Data Analysis in GIS

Geo-statistical interpolation method in ArcGIS is useful to identify the suitable and
unsuitable zones for drinking water. In this study, Inverse Distance Weighted (IDW)
analysis is used to examine the spatial variation of analyzed groundwater quality
parameters, drinking water quality and human health risk in different age groups.
IDW interpolates unknown values using weighted average of two nearest known
points. The weight is determined based on the distance between known and unknown
points.

3 Results and Discussions

3.1 General Hydrogeochemistry

The mean pH value in the pre-monsoon was 7.4 indicating slightly alkaline pH in the
study area. pH of 32 groundwater samples were not within the prescribed drinking
water standard limit (Fig. 3a). The spatial distribution of electrical conductivity (EC)
during pre-monsoon season in collected groundwater samples ranged from 44.5 to
44000 µS/cm. Based on the EC values during pre-monsoon season, groundwater
samples varied between fresh, brackish and saline water in nature. High EC was
observed in the north-western part of the coastline indicating saline water intrusion.
TDS ranged from 30 to 29,828 mg/l with mean value of 630 mg/l (Fig. 3b). Based
on the TDS values, groundwater in the study area is classified into four groups [20].
Table 2 shows groundwater classification for the suitability of drinking purpose. The
dominance of major anions and cations in the pre-monsoon season was Na+ > Ca2+

> Mg2+ > K+ = Cl− > HCO−
3 > SO2−

4 >NO−
3 .

Cations: Sodiumand calciumwere dominant cations in pre-monsoon season (Fig. 4a,
d). This is due to the presence of plagioclase feldspar minerals in the granitic rock.
Themaximumpotassiumvalueswere 208mg/l during pre-monsoon season (Fig. 4b).
Potassium concentration was high in groundwater in coastal wells due to salinity
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Fig. 3 Spatial distribution of a pH, b TDS in pre-monsoon

Table 2 Groundwater classification in the study area based on TDS values

TDS (mg/l) Groundwater classification Percentage of samples

<500 Desirable for drinking purposes 88

500–1000 Permissible for drinking purposes 3

1000–3000 Desirable for irrigation purposes 6

>3000 Unfit for drinking and irrigation 3

content [21]. Themagnesium concentration ranged from 0.44 to 957mg/l during pre-
monsoonmonsoon (Fig. 4c). Themagnesium concentrationwas high in coastal wells
and low in inland wells. The low concentration was because of the lack of carbonate
rocks in the study area. Saltwater intrusion process resulted in high concentration of
magnesium and potassium in groundwater present in coastal region.

Anions: Chloride was the dominant anion and ranged from 4.3 to 17,402 mg/l
(Fig. 4e). Saltwater mixing led to the high chloride concentrations in the coastal
wells [22]. Chloride may also contribute from wet atmospheric deposition through
precipitation. The nitrate concentration ranged between 0.31 and 171 mg/l (Fig. 4f).
The nitrate source in the groundwater is considered to be non-lithological [23].
Anthropogenic activities such as agricultural run-off and percolation from the soak
pit are identified as causes of nitrate in the study area. Phosphate was below the detec-
tion limit (BDL) in the study area. Sulfate concentration varied between 0.43 and
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Fig. 4 Spatial distribution of aNa,bK, cMg ,dCa, eCl, f NO3, g SO4 and hHCO3 in pre-monsoon

1963mg/l (Fig. 4g). Sulfate concentrations were high in the coastal wells were due to
saltwater mixing process. Most of the inland wells showed very low concentrations
of sulfate due to the absence of sulfate minerals bearing host rock. The maximum
bicarbonate concentrationwas 395mg/l. Bicarbonate concentration in the openwells
near the coastal part was higher than the inland wells because of the impact of marine
environment (Fig. 4h) [24].

3.2 Groundwater Quality Index

The five categories ofwater quality index are (i) water unsuitable for drinking (>300),
(ii) very poor water (200–300), (iii) poor water (100–200), (iv) good water (50–
100), (v) excellent water (0–50). The results of WQI estimated ranged from 13.9
to 2554. Based on the classification, 84 groundwater samples were excellent for
drinking purposes. Whereas, seven were good, four were poor, two were very poor
and three were considered to be unsuitable for drinking. The western part of study
area near the coast is considered to be contaminated due the influence of saltwater.
The increased concentration of major anions and cations lead to change in the quality
of groundwater. The inland water samples posed excellent water quality and suitable
for drinking. Figure 5 shows spatial distribution of water quality index in the study
area.
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Fig. 5 Map showing spatial
variability of WQI

3.3 Human Health Risk of Nitrate

Hazard quotient value >1 in the human health risk evaluation indicates potential
non-carcinogenic health risk for humans and <1 indicates no potential health risk.
Nitrate concentration >45 mg/l in groundwater can lead to health hazards [25]. The
hazard quotient for infants, kids, children, teens, adults and aged people ranged from
0.01–7.78, 0.01–5.78, 0.01–5.81, 0.01–4.28, 0.01–4.14 and 0.01–4.28 respectively.
The assessment result showed that 11%, 4%, 4%, 2%, 2% and 2% of the samples
pose potential health risk (HQ > 1) for infants, kids, children, teens, adults and
aged people respectively (Fig. 6). The infants were more vulnerable to health risk
among other age groups. The open wells with high potential risk are present in
residential area and nitrate contaminated due to leakage of soak pit in the study area.
Nitrate concentration in two openwells (S94 and S51) were exceeding the prescribed
drinking water standard. These two open wells pose high potential health risk for all
the age groups. Therefore two open wells require attention in order to control the
nitrate contamination.
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Fig. 6 Spatial distribution of HQ a infants, b kids, c children, d teens, e adults and f aged people
in pre-monsoon

4 Conclusions

The present study evaluates the drinking water quality and nitrate contamination in
the study area. WQI estimation revealed that 84 groundwater samples are excellent
for drinking purposes, seven are good, four are poor, two are very poor and three are
considered to be unsuitable for drinking. The western part of study area is considered
to be contaminated due the influence of saltwater. Nitrate concentrations in two open
wells exceeded the prescribed drinking water standard and pose high potential health
risk for all the human age groups. Evaluation of groundwater quality using spatial
interpolation of WQI delineates coastal and north-west region of study area need
remedial measures to improve the drinking water quality. The findings of the study
will be useful for the policy makers to make appropriate water quality management
measures in the study area.
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