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Abstract Groundwater contamination is a major con-
cern in front of the scientific community because it is 
directly related to human health, especially in arid and 
semi-arid regions. Therefore, a comprehensive study 
was engaged to evaluate the water quality, potability, 
and human health risk assessment due to the consump-
tion of fluoride- and nitrate-contaminated water in 
Jhunjhunu district of Rajasthan. In order to assess the 
water quality, samples were collected from 87 loca-
tions in the study region, and a total of 16 parameters 
were analyzed as per the standard methods. The results 
showed that the value of the number of quality param-
eters consisting of pH, EC, TDS, fluoride, chloride, 
nitrate, sulfate, total hardness, calcium, magnesium, 

and total alkalinity was higher than the recommended 
limit of BIS and WHO. The fluoride in 11% and nitrate 
in 6% of samples were observed to exceed the permis-
sible limit of WHO. The results of risk assessment due 
to fluoride and nitrate revealed that hazard index val-
ues of 71% of groundwater samples for males, 78% of 
groundwater samples for females, and 75% of ground-
water samples for children were greater than 1, indicat-
ing the significant health hazard due to consumption 
of groundwater. The water quality index (WQI) found 
that 39% of groundwater samples belong to categories 
that cannot be used for drinking purposes. Principal 
component analysis (PCA) reduced the large number 
of variables affecting the overall quality and chemis-
try of groundwater and determined four major compo-
nents which account for 69.50% variance in the data. 
PCA concluded that both geogenic and anthropogenic 
sources of contamination influenced the groundwater 
of the study area.
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Introduction

Pure drinking water is the first and foremost need of 
human civilization. Groundwater and surface water 
are the two most critical resources of water to suf- 
fice the need for drinking, agriculture, and industrial 
usage (Rashid et  al., 2022). To serve the drinking 
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purpose, groundwater, preferably, is considered to 
be a significant asset utilized by a huge part of the 
total populace because of its good quality (Kaur et al.,  
2019). The drinking and agriculture usage utilize 
between 60 to 85% of India’s groundwater. Its con-
sumption becomes more prominent in arid and semi- 
arid regions where surface water resources are scarce  
and have inferior quality (Li & Qian, 2018). It is 
reported that 65% of global water requirement is ful- 
filled by groundwater. In India, for their routine use,  
more than 85% of the rural populace relies on ground- 
water supplies (Gugulothu et al., 2022, Subba Rao et  
al., 2019). To feed the exploding population, and grow- 
ing industrial and agricultural activities, groundwater 
resources are exploited. Groundwater utilization is 
much higher than its replenishable rate, especially in 
Delhi, Rajasthan Haryana, and Punjab (CWC, 2019; 
Jandu et al., 2021; Tanwer et al., 2022). Consequently, 
the groundwater quality is deteriorating day by day, 
progressing toward a drinking water crisis and call-
ing for other environmental challenges (Duvva et al., 
2022). Significant factors that influence groundwater 
quality include recharge sources, geological forma-
tions, hydrological context, the mineralogy of the 
watersheds and aquifers, and water–rock interaction, 
including rocks dissolution, ion-exchange, redox 
reaction, and human activities (Iqbal et  al., 2021). 
In the last few decades, some anthropogenic factors 
like erratic use of fertilizers, agricultural runoff, mis-
management of sewage, spillage of city drains, poul-
try and dairy waste animal, and humanistic waste 
significantly polluted the groundwater resources 
(Rahman et  al., 2021). Nitrate and fluoride ions are 
regarded as the most prevalent impurities and pollut-
ants in drinking water in the majority of rural areas of 
the world (Subba Rao, 2011;Subba Rao et al., 2013, 
2016; Rao et al., 2020, 2021a, b; Ullah et al., 2022). 
Previous studies revealed that the groundwater of 23 
Indian states has fluoride contamination (higher than 
1.5 mg/L, permissible limit as per BIS), and 30 states 
have nitrate contamination (more than 45 mg/L per-
missible limit as per BIS) (CGWB, 2018). Rajasthan 
is one that is severely affected by fluoride and nitrate 
contamination in groundwater. The groundwater of 
85% of districts of Rajasthan is reported to have a 
serious influence of fluoride contamination; on the 
other hand, reports of nitrate contamination in all dis-
tricts are also a serious concern (CGWB, 2018).

Fluoride contamination in groundwater is a major 
issue as around 66 million people in India are suf-
fering from dental and skeleton fluorosis (Kashyap 
et al., 2020). It is a common and hazardous element 
found in groundwater as per USEPA (2006), (Sohrabi 
et al., 2021). Its concentration in drinking water can 
cause several ill effects such as decaying of the tooth 
(at a concentration lower than 0.50 mg/L), fluorosis 
(at a concentration of 1.50–5 mg/L), and bone fluo-
rosis (at a concentration of 5–40  mg/L)(Kimambo 
et  al., 2019). Other associated health effects due to 
fluoride-contaminated water could be neurological 
impairments, cancer, arthritis, thyroid, infertility, and 
hypertension (Kimambo et al., 2019). Approximately 
75–90% of fluoride ingested is absorbed as it is trans-
formed to hydrogen fluoride (HF) in an acidic stom-
ach, and absorbed in the intestine (Whitford et  al., 
1976). After entering the bloodstream, fluoride is 
easily distributed throughout the body, with around 
99% of the body’s fluoride load remaining in cal-
cium-rich tissues like bones and teeth (Suthar et  al., 
2008). Fluoride in groundwater comes from both 
natural or geogenic and human interventions, with the 
majority of inputs from geogenic sources (Adimalla 
et al., 2020). The addition of fertilizers such as phos-
phate fertilizers can supply fluoride in soil up to the 
extent of 217–454 mg/kg (Kashyap et al., 2020).

Nitrate is also another well-known pollutant preva-
lent in groundwater due to both natural and manmade 
activities (Rao et al., 2022a, b). Human activities such 
as fertilizer application, improper waste disposal, mis-
management of sewage, agricultural runoff, and land-
fill leachates are significant contributors to nitrate 
contamination of groundwater resources. The pro-
longed consumption of nitrates in drinking water can 
cause methemoglobinemia (commonly known as blue 
baby syndrome) in newborn babies and gastric can-
cer in adults (WHO, 2017). To the high concentration 
of nitrate in groundwater, pregnant women, children, 
and infants are at higher risk (Eggers et  al., 2018). 
Other associated diseases with the prolonged inges-
tion of nitrate-contaminated water are thyroid disor-
ders, teratogenesis, abortions, cancer-causing, and 
mutagenesis (Wu et  al., 2018). Various studies have 
been conducted in different districts of Rajasthan 
state to evaluate the groundwater quality, especially 
in reference to fluoride and nitrate (Ahada & Suthar, 
2017; Chaudhary & Satheeshkumar, 2018; Jandu 
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et al., 2021; Joshi & Seth, 2011; Suthar et al., 2008, 
2009). A study conducted by Jandu et  al. (2021) in 
the present study area indicated the significant health 
effects due to the intake of fluoride and nitrate in 
groundwater but limited to a very small geographi-
cal area. No such detailed study has been conducted 
to evaluate the potential health effects due to intake 
of fluoride and nitrate through groundwater in Jhun-
jhunu district of Rajasthan. The present study will 
help the concerned to take appropriate measure for 
safe and pure drinking water. The objectives of this 
study envisage (1) appraising the groundwater quality 
in reference to fluoride, nitrate, and other water qual-
ity parameters by comparing with BIS and WHO; (2) 
the critical non-carcinogenic health risk and impacts 
due to prolonged consumption of fluoride and nitrate-
contaminated groundwater; (3) the overall potability 
of water was evaluated using the water quality index; 
and (4) the PCA and correlation study estimated the 
major factors responsible and the possible interaction 
on these anions and cations in groundwater.

Study region

Jhunjhunu district is situated in Rajasthan State’s 
extreme northeastern region, bordering the state of 
Haryana, and is situated between latitudes 27° 38′ and 
28° 31′ north and longitudes 75° 02′ and 76° 06′ east, 
as depicted in Fig. 1. It covers an area of 5928  km2. It 
is considered to be one of the prosperous regions of 
Rajasthan. This region primarily has a semi-arid kind 
of environment. Temperature ranges from 32 to 48 °C 
in the summer season (March–November), while in 
winter, it ranges from 1 to 15 °C. The colder time of 
year is from December to February. The monsoon 
season extends from June to September. The typical 
yearly precipitation of the area is 565 mm. The chief 
crops grown in this region are Bajra, wheat, jawar, 
maize, oilseeds, and oats (Jandu et al., 2021).

Geomorphology and drainage system

The hills of the Aravalli range, which run in a north-
easterly direction, are what define the mountainous 
area in the district’s south-eastern corner. The tall-
est mountain, which is 1051 m high, is located south 
which borders Sikar district. Khetri and Udaipurwati 

tehsils contain the majority of the hills. With the 
exception of a few acacia and cactus, hills are nearly 
devoid of vegetation. The overall height above mean 
sea level ranges from 300 to 450 m. The northern por-
tion of the district is occupied by the desertic plain, 
which is typically at an altitude of around 300 m and 
is covered in sand dunes. The terrain generally slopes 
from south to north. The region has desertic soil hav-
ing an inland draining pattern. It is mostly a part of 
the Sekhawati basin, and the northwest portion is 
outside the basin and has inland drainage. Mostly, 
the Kantli River drains the region. Singhana River 
drains the region in the district’s southeast, and Budhi 
Nala drains a small portion of the district’s southwest 
(CGWB, 2008). The Dohana River drains the south 
and east hill ranges in the Khetri region. All of the 
rivers/nalas are transient and only flow in response to 
monsoon-related high precipitation.

Hydrogeological structure and stratigraphy

The hydrogeological groundwater holding structure 
and formation are unconsolidated quaternary alluvium  
in the present study area. The primary water-bearing 
formation in the district is quaternary alluvium, which 
occupies 4663  km2 (or 78.70% of the district), and 
hard rocks from the Delhi Super Group 11, includ-
ing the post-Delhi intrusive of lower-Proterozoic era, 
which make up accessory aquifers on 1265  km2 (or 
21.30% of the district) (CGWB, 2021). The primary 
and potentially available aquifer in the region is allu-
vium, which is made up of sand, silt, clay, kankar, 
and gravel. Alluvial sediment deposition increases 
from the district’s southern (< 60 m) to northern and  
northern-eastern portions (> 100 m). The south-eastern  
portion of the district, which includes parts of the  
Khetri and Buhana blocks, is covered by quartzite, 
schist, phyllite, gneisses, and limestone of the Delhi 
Super Group, as well as granites, amphibolites, and 
pegmatites of post-Delhi intrusives (CGWB, 2008). 
These rocks also make up the ancillary aquifer. Fur-
ther, deep buried structures such as fractures, joints, 
contacts, and other hard formation are present where 
groundwater occurs under unconfined to semi- 
confined conditions. Groundwater is the main hotspot 
for the water system here. Soils of Jhunjhunu area 
are sandy to loamy sand, non-calcareous, structure-
less, free, and very well-drained (CGWB, 2008). The 
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majority of soil type is desertic (which covers 45% 
area) sand dunes (which cover 36% area), and some 
parts have red desertic, lithosols, and older alluvium 
types. Around here, the significant wellspring of water  
is groundwater and extracted through handpump, tube 
well, and open or bore well for drinking and agrarian 
purposes (CGWB, 2008).

Materials and methods

Sampling

A total of 87 samples are collected from the district to 
cover most of the part of the area in December, 2021, 
as shown in Fig.  1. Pre-treated polyethylene bottles 
(soaked with 10%  HNO3 acid overnight and rinsed 
with distilled water multiple times to remove the 
impurities clinging to the interior wall of the bottle) 
were used for the collection of groundwater samples. 
The sampling source (hand pump, tube well, munici-
pality submersible) was allowed to run for 2–3 min to 
discard the water that is in the pipe to get the homoge-
neous and fresh sample from the source. Sample bot-
tles were rinsed with source water to be collected to 
remove any traces of acid or distilled water to reduce 
the chances of error.

Physiochemical analysis of water quality parameters

A total of 16 water quality parameters were deter-
mined to evaluate the quality and potability of 
groundwater. Seven in  situ water quality parameters 

(pH, EC, TDS, salinity, DO, ORP, and tempera-
ture) were determined in the field itself using port-
able water sensors (Water Analyser, 371, Systronic, 
India). The portable water quality sensors were cali-
brated with known standards All other lab param-
eters were analyzed within 72 h of sample collection 

to minimize the change in water properties. The total 
hardness (TH) and total alkalinity (TA) were deter-
mined by titrating with standard solution of EDTA 
and  H2SO4. Calcium hardness was estimated by titrat-
ing with standard EDTA, and magnesium hardness 
was calculated by subtracting calcium hardness from 
total hardness. Carbonate and bicarbonate were com-
puted through alkalinity relationships. The chloride 
was determined by the argentometric method (BIS, 
2012). The fluoride, sulfate, nitrate, and phosphate 
were estimated by photo-spectrometry (UV–visible 
spectrophotometer, Labman) using the SPADNS dye 
method, turbidity method, UV spectrophotometric 
method, and stannous chloride method, respectively, 
as per the standard protocol of APHA (2017).

Estimation of health risks due to fluoride and nitrate

The fluoride and nitrate contamination are generally 
higher in groundwater compared to surface water 
(Shirke et  al., 2020), and exposure due to contami-
nated water can be through two pathways, i.e., inges-
tion and dermal contact. The dermal route of expo-
sure is considered negligible in respect to the oral 
route of exposure (Jandu et  al., 2021). The human 
health risk was estimated for three groups of popu-
laces, i.e., male, female, and children, for both fluo-
ride and nitrate. Fluoride and nitrate are considered 
non-carcinogenic for human health. This method of 
non-carcinogenic human health risk assessment is 
widely used for the estimation of risk due to the con-
sumption of contaminated water (Adimalla, 2019; Ali 
et  al., 2019; Rao et  al., 2020; Satyanarayana et  al., 
2017). The chronic daily intake dose (CDID) was cal-
culated as per Eq. (1) given below.

The parameters used in the above equation are as 
per the latest recommendation of USEPA (2017), and 
some parameters are adjusted as per regional statisti-
cal data of the studied area. The details of different 
parameters used in the health risk assessment are 
described in Table 1.

(1)
Chronic Daily Intake Dose (mg∕kg∕day)

=
Concentration of Fluoride or Nitrate

(

Cf

)

or
(

Cn

)

× Daily water Intake (DWI) × Average Lifetime (AL) × Exposure Frequency(EF)

Mean Body Weight (MBW) ×Mean Age Exposure Duration(MAED)

Fig. 1  Map showing the location of the study area and sam-
pling points

◂
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Hazard quotient

The hazard quotient was calculated as the ratio of 
chronic daily intake dose and reference dose (RD) of 
chronic oral exposure. The reference doses for fluo-
ride and nitrate are 0.04  mg/kg/day and 1.6  mg/kg/
day (USEPA, 2020). It was calculated by Eq. (2)

Hazard index

The hazard index was estimated by adding the hazard 
quotient due to the non-carcinogenic risk associated 
with the consumption of fluoride and nitrate in drink-
ing water. It was computed using Eq. (3) as

where HQf is the hazard quotient due to fluoride and 
HQn is due to nitrate present in water. The value of 
the hazard index greater than one is indicating signifi-
cant non-carcinogenic health hazard due to consump-
tion of contaminated water. Its value below one indi-
cates that no significant health hazard is associated 
with the consumption of water (USEPA, 2014).

(2)

Hazard quotient =
Chronic Daily Intake Dose (mg∕kg∕day)

Reference dose(mg∕kg∕day)

(3)HI = HQf + HQn

Water quality index (WQI)

Water quality index is a mathematical technique to 
determine the acceptability of groundwater for drinking 
purpose by considering the effect of individual param-
eters (Subba Rao et al., 2019). The quality of water is  
decided on the basis of calculated WQI as shown in 
Table 2. It was calculated by the weighted arithmetic 
index method using Eq. (4) (Brown et al., 1970)

where Wn is the unit weight of nth parameter consid-
ered in calculating the water quality index (Table 3) 

(4)WQI =
ΣWn × Qn

ΣWn

Table 1  Parameters values used for the estimation of CDID for fluoride and nitrate

S. No. Parametric symbol Parameter description Units Values Source references

1 Cf Concentration of fluoride in groundwater mg/L Observed in this study
2 Cn Concentration of nitrate in groundwater mg/L Observed in this study
3 DWI Daily water intake L/day Adult, 2.5 WHO (2017), USEPA 

(2014), Wagh et al. 
(2019)

Children, 1.5

4 AL Average life time Years Male, 65.5 NITI Aayog (2020)
Female, 70.2
Children, 12

5 EF Exposure frequency Days/year 365 USEPA (2014)
6 MBW Mean body weight Kg Male, 60 Nair and Augustine (2018)

NIN-ICMR (2011)Female, 55
Children, 35

7 MAED Mean age exposure duration Days Male, 23,908
Female, 25,623
Children, 4380

Table 2  Water quality index, their respective grade, and pos-
sible usage

Water 
quality 
index

Water grade Possible usage

0–25 Excellent Drinking, irrigation, and industrial
26–50 Good Drinking, irrigation, and industrial
51–75 Poor Irrigation and industrial
76–10 Very poor Irrigation
 < 100 Not suitable 

for drinking
Require treatment before use
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and Qn is the quality rating of nth parameter taken to 
calculate the WQI. Unit weight (Wn) is calculated by 
Eq. (5):

where k is the constant proportionality and Sn is the 
permissible limit for a particular water quality param-
eter given by the standard agency and calculated as 
per Eq. (6):

Quality rating (Qn) was calculated using Eq. (7):

where Pn is the actual value of the water parameter 
and Ci is the ideal concentration of the parameter and 
is considered as 0 (zero) except for pH and DO which 
are taken as 7 (neutral) and 14.6 mg/L, respectively.

(5)Wn =
k

Sn

(6)k =
1

Σ1∕Sn

(7)Qn =
(Pn − Ci)

(Sn − Ci)
× 100

Quality control and assurance

All the chemicals were used of analytical grade, and 
double distilled water was used throughout all ana-
lytical measurements. The analysis of water quality 
was ensured through procedural blank measurements, 
careful standardization, and spiked and triplicate 
measurements. The ion balance error percentage was 
estimated to ensure the accuracy of ions analysis. The 
ion balance error percent was estimated using Eq. (8):

(8)Percentage of ion balance error =

∑

cations (meq∕L) −
∑

anions (meq∕L)
∑

cations (meq∕L) +
∑

anions (meq∕L)
× 100

Table 3  Water quality parameter, relative weight index, and 
permissible limits (Brown et al., 1970)

S. No. Parameters Wn = K/Sn 1/Sn Permissible 
limits (WHO, 
2017)

1 pH 0.142 0.118 8.5
2 TDS (mg/L) 0.001 0.001 1000
3 EC (µS/cm) 0.001 0.001 1500
4 F− (mg/L) 0.802 0.667 1.5
5 Cl− (mg/L) 0.005 0.004 250
6 NO3

− (mg/L) 0.024 0.020 50
7 SO4

2− (mg/L) 0.005 0.004 250
8 Total hardness 

(mg/L)
0.002 0.002 500

9 Total Alkalinity 
(mg/L)

0.002 0.002 500

10 Ca2+ (mg/L) 0.004 0.003 300
11 Mg2+ (mg/L) 0.012 0.010 100

The concentration of ions was converted from mg/L  
to meq/L by Eq. (9):

The percentage of ions balance error estimated for 
each sample was below 10% percent, which reflects the  
accuracy and reliability of analytical data (Rao et al., 
2020). The reproducibility of analytical data was below  
5%.

Statistical analysis

Descriptive statistical analysis of water quality data 
was performed using Microsoft Excel professional plus  
2019, and principal component analysis (PCA) was per-
formed using Origin 2019 software. The correlational  
analysis aids to determine the dependence and inde-
pendence of water quality parameters. The significance  
of the Pearson correlation coefficient between the two  
parameters was determined with a 0.05 and 0.01 alpha  
level and a 95% and 99% confidence interval, respec-
tively, and it was estimated using Origin 2019. PCA is  
a common method for reducing data complexity and  
helps to infer major factors influencing the water qual-
ity. In this study, the sources of pollutants were revealed  
using PCA, and result revealed different combinations  
of the ions in form of PCs, which inferred origins and 
sources of the geochemical processes as well as the 
poor quality of the groundwater.

(9)Cations or anions (meq∕L) =
Ion concentration

(

mg

L

)

∗ Valency

molecular weight
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Results and discussion

Groundwater quality analysis

As the area comes under the arid and semi-arid region  
of India, the surface water resources are less, and 
groundwater is primarily used for drinking purposes 
by the residents of the area. Comprehensive sampling  
was employed to assess the groundwater quality of  
Jhunjhunu district of Rajasthan. In the present study, 
87 groundwater samples were collected, and the sam-
ples were clear, odor-free, and potable. The collected  
samples are analyzed for 16 water quality parameters, 
and the summary of all parameters is shown in Table 4.  
The pH was found to vary from 6.6 to 9.1 with a mean 
and median value of 8.2 and 8.3, respectively. The pH 
decides the acidic and basic nature of water which 
depends on equilibrium of  CO2-  CO3

−-HCO3
−(Hem, 

1991; Subba Rao, 2018). The pH value in 76% of sam-
ples was within the prescribed limit, and 34% of sam-
ples were observed to have pH in the alkaline range,  
greater than recommend limit of BIS and WHO. The  
recommended pH range for drinking water should  
be 6.5–8.5 (BIS, 2012). The similar pH range was 
also reported in northern Rajasthan (Ahada & Suthar,  
2017). TDS value was observed in the range between 
170 and 4205 mg/L with an average value of 908 mg/L.  
TDS value in 75% of samples was higher than the 
desirable limit of 500 mg/L as per BIS. In 2% of sam-
ples, TDS was observed to be exceeded the permissible  
limit of 2000 mg/L, prescribed by BIS. In 34% of sam-
ples, TDS was higher than the recommended limit of  
WHO. As per the Freeze and Cherry (1979) classifica-
tion shown in Table 5, 57 samples are placed under the  
category of fresh water, while the rest of the 30 samples  
are of brackish type (Freeze & Cherry, 1979). A mate-
rial’s ability to carry an electric current is measured  
by its electrical conductivity (EC), and a greater EC  
implies that the groundwater is more enriched in salts.  
The electrical conductivity in groundwater samples was  
observed to be varying from 265 to 6570 µS/cm with a  
mean value of 1422 µS/cm. EC value less than 1500 µS/ 
cm indicates low enrichment of salts, classified as type  
I. If the EC value lies between 1500 and 3000 µS/cm,  
it indicates the moderate enrichment of salts, classified  
as type II. If the EC value is greater than 3000 µS/cm, it  
indicates the high enrichment of salts, classified as type  
III (Subba Rao et al., 2012). EC value in 40% of samples 
was higher than the recommended limit of 1500 µS/cm  

as per BIS and WHO, while others were within the stand-
ard limit. Thirty eight percent of samples had moder- 
ate enrichment of salts, while 2% of samples had high 
enrichment of salts from source rocks. This is because 
moderate and high salts enriched water samples belong 
to topographic lows (northern region) and follow the  
underground stream flow (Subba Rao et al., 2012). The 
EC also depends upon the dissolved salts and comes 
from the leaching and dissolution of localized aquifer 
material (Hem, 1991). ORP (oxidation–reduction poten-
tial) is an important parameter to know the nature and  
quality of water. ORP was found to vary from 15 to  
197  mV. It indicates the prevailing oxic (oxidizing) 
nature of water, which is considered to be good. The 
salinity value was observed to range between 125 and 
3088 mg/L with a mean value of 667 mg/L. The fluo-
ride level in 79% of samples was within the permissible 
limit of BIS. The desirable limit of fluoride in ground-
water is 1.0  mg/L as per BIS, while the permissible 
limit is 1.5  mg/L as per BIS and WHO (BIS, 2012; 
WHO, 2017). 1  mg/L fluoride in water is required 
microbial protection and delays tooth decay, while its 
concentration greater than 1.5  mg/L can cause skel-
etal and dental fluorosis. The cases of such problems 
as dental fluorosis, yellowing of teeth, pain in legs and 
shoulders, bone twisting, and deformities are enhanced 
by the high concentration of fluoride in groundwater 
(Kothari et  al., 2021). In our study, 11% of samples 
were observed to have fluoride levels higher than the 
permissible limit of BIS and WHO. The fluoride in 
groundwater samples of Doodi (2.58 mg/L), Ladunda 
(3.16 mg/L), Dulaniya (3.06 mg/L), Pilod (2.59 mg/L), 
Surajgarh (3.30  mg/L), Kasani (2.46  mg/L), Bakat-
warpura (3.43  mg/L), Ojtu (3.13  mg/L), Brijlalpura 
(1.58  mg/L), and Birol (1.93  mg/L) was higher than 
threshold limit of 1.5 mg/L as per BIS and WHO rec-
ommendation. Both natural (geogenic) and anthropo-
genic sources contribute to fluoride in groundwater. 
The minerals such as apatite, biotite, hornblende, and 
clay are the natural contributor, while agricultural fer-
tilizers especially phosphatic are the anthropogenic 
contributor of fluoride in groundwater in basic envi-
ronment (Subba Rao, 2018). Previous investigation in 
northern Rajasthan conducted by Suthar et  al. (2008) 
overserved that 90% of the samples were having the 
fluoride content higher than recommended limit of 
BIS. The distribution of fluoride in Jhunjhunu is shown 
in Fig.  2. North and northeastern parts are majorly 
influenced by fluoride contamination in groundwater as 
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shown in Fig. 2. Except in 17% of samples, the chlo-
ride was lower than the desirable limit of 250 mg/L as 
per BIS recommendation. No sample of chloride was 
higher than the permissible limit of BIS. The permis-
sible limit of chloride in drinking water as per WHO 
is 200  mg/L (WHO, 2017). Twenty eight percent of 
samples were having the chloride content higher than 
the standard limit of WHO. Along with geological 
composition, chloride concentration in groundwater 

is influenced by anthropogenic activities consisting of 
improper management of septic tanks, sewage disposal, 
and animal waste, which causes the mixing of sewage 
in the groundwater table (Rao et al., 2021b). However, 
it also depends upon the soil porosity and rock perme-
ability of the area (Kothari et al., 2021).

The nitrate in groundwater samples of Jhunj-
hunu district was observed to be varying from 2.90 to 
115.00 mg/L with a mean value of 25.75 mg/L. Ground-
water with  NO3

− concentrations lesser than 45  mg/L 
poses no health risk. Between 45 and 100  mg/L, the 
health risk is high, and beyond 100  mg/L, health risk  
is extremely significant (Rao et  al., 2020). The desir-
able/acceptable limit of nitrate in drinking water is 
45  mg/L with no relaxation (BIS, 2012). Eight per-
cent of the samples were having nitrate levels higher  
than the standard limit as per BIS, while 5% of sam-
ples exceeded the recommended limit as per WHO. 

Table 5  Water type is based on TDS (Freeze & Cherry, 1979)

Water type TDS range (mg/L) No. of samples

Fresh Less than 1000 57 (66%)
Brackish 1000–10,000 30 (34%)
Saline 10,000–100,000 -
Brine Higher than 10,0000 -

Fig. 2  Spatial distribution map of fluoride distribution of Jhunjhunu district of Rajasthan
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The nitrate in groundwater samples of Bangothari 
(115 mg/L), Doodi (71 mg/L), Jeeni (52 mg/L), Kasani 
(49 mg/L), Chirawa (56 mg/L), Brijlalpura (46 mg/L), 
and Raipur (85 mg/L) was higher than threshold limit 
of 45 mg/L as per BIS recommendation. Similar to  Cl−, 
nitrate has also non-lithological source (Hem, 1991). In 
water, it does not get above 10 mg/L under natural cir-
cumstances (Rao et al., 2021b). Therefore, the increas-
ing  NO3

− content above this threshold is a sign of 
human-caused pollution (Wu & Sun, 2016). The pos-
sible source of nitrate contamination includes sewage 
waste, septic tank leaks, agricultural fertilizer, and ani-
mal waste on the aquifer system resulting in  NO3

− con-
tamination of groundwater (Ullah et al., 2022).

The observed results of nitrate congrued with previ-
ous investigations of the study area (Jandu et al., 2021). 
The high content of nitrate is associated with various 
diseases like methemoglobinemia, thyroid disorders, 

teratogenesis, abortions, cancer-causing, and mutagen-
esis (Wu et al., 2018). Similar to fluoride, the North and 
northeastern region is primarily influenced by nitrate 
contamination in groundwater as shown in Fig. 3.

The sulfate in 7% of samples was higher than the 
desirable limit of 200 mg/L as per BIS, while in 1 
sample, it exceeded the permissible of 400  mg/L, 
prescribed by BIS. The high sulfate content can pro-
duce a bad taste in the water. Besides anthropogenic 
inputs such as soil amendment using gypsum and 
sulfate fertilizers; sulfates from minerals of aquifer 
dissolve in groundwater (Subba Rao, 2018). The 
phosphate content in all collected water samples was 
below the detection limit. The total hardness (TH) 
was observed to be varying from 37 to 928  mg/L 
with a mean value of 214 mg/L. Forty two percent 
of groundwater samples were observed as a very 
hard category. Only 2% of samples were observed 

Fig. 3  Spatial distribution map of nitrate distribution of Jhunjhunu district of Rajasthan
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to lie in the soft category. A detailed description of 
the hardness categories of all samples is shown in 
Table 6.

The acceptable and permissible limits of hardness in 
drinking water samples are 200 mg/L and 600 mg/L, 
respectively (BIS, 2012). In 35% of groundwater sam-
ples, the hardness value was above the desirable limit, 
while in 2% of samples, it was higher than the permis-
sible limit. The total hardness value only in 14% of 
samples was below the permissible limit, and the rest 
of 86% of the samples were above the standard limit 
of 100 mg/L as per WHO. The hardness in groundwa-
ter comes from the dissolution of major cations such 
as calcium and magnesium which is attributed to the 
geology of the area. The primary source of TH in 
groundwater is the weathering and dissolving of cal-
cium- and magnesium-bearing rocks (Ahada & Suthar, 
2017). The calcium content was observed in between 
the range of 9.60–277.60  mg/L with an average of 
53.97 mg/L. The acceptable and permissible limit for 
calcium is 75 mg/L and 200 mg/L, respectively (BIS, 
2012). Only 1% of the samples was having calcium 
content higher than the permissible limit, but 17% of 
samples crossed the desired limit of calcium as per BIS 
and WHO. The magnesium content in 15% of samples 
had exceeded the desirable limit of BIS, but only in 1% 
of samples, it was crossed the permissible limit. The 
total alkalinity in 81% of samples was greater than the 
desirable limit of 200 mg/L, but in 18% of samples, it 
passed the permissible limit of 600  mg/L as per the 
BIS. As the samples were devoid of hydroxyl and car-
bonate alkalinity, therefore, total alkalinity was due to 
bicarbonate which was observed to vary from 100 to 
1000 mg/L with a mean value of 397 mg/L. The soil 
atmosphere has higher partial pressure of  CO2 as the 
consequence of decomposing organic materials and 
root respiration. The soil  CO2 enters into the ground-
water system and reacts with water to create  HCO3

−. 
Higher  HCO3

− in water suggests that mineral dissolu-
tion is more prevalent (Stumm & Morgan, 1981).

Box and whisker plot

The box plots are an easy way to diagrammatically 
represent the statistical parameters and the data distri-
bution. The box plots are drawn for TDS, EC, salinity, 
total alkalinity, ORP, chloride, sulfate, total hardness, 
calcium, magnesium, fluoride, and nitrates as shown 
in Fig. 4.

The lower line, middle line, and upper line of the 
box represent the 25th percentile (first quartile), 50th 
percentile (median), and 75th percentile (third quar-
tile). The lower whisker of the plot was calculated 
by subtracting 1.5 times of IQR (interquartile range) 
from the first quartile of data, while the upper whisker 
was calculated by adding the 1.5 times of IQR (inter-
quartile range) in the third quartile of data. The lower 
dot represents the lower outlier values of data; on the 
other hand. upper dot represents the higher side out-
lier values of data. In all box plots, the square sign 
represents the mean value of data. Debarring ORP, 
the mean value of TDS, EC, salinity, chloride, sulfate, 
total hardness, calcium, magnesium, total alkalinity, 
bicarbonate, fluoride, and nitrate is greater than the 
median value. This shows that data in the case of the 
aforementioned parameters are positively skewed. 
The long whiskers represent the greater variation 
observed in analytical data.

Correlation analysis

Correlation analysis is done to know the possible 
correlation between the water quality parameters  
as shown in Table  7. Pearson correlation coeffi-
cient estimates the negative and positive correlation 
between the parameters. Twelve parameters (pH, 
TDS, EC, ORP, salinity, DO, fluoride, chloride, 
nitrate, sulfate, TH, and TA) were taken into con-
sideration to calculate the correlation coefficient.  
However, the correlation between the 2 parameters is 
just not relied on the value of Pearson’s correlation 
coefficient but also on the level of significance of the 
analysis as done by the t-test. Two-tailed t-test was 
applied and a p value was calculated. The coefficient 
bearing p value less than 0.05 (95% level of signifi-
cance) is considered significant, marked by a single 
asterisk, while the p value for.

the correlation coefficient is less than 0.01 (99% 
level of significance), considered highly significant as 
shown in Table 7. EC, TDS, and salinity are linearly 

Table 6  Groundwater type based on hardness

Hardness range Water type Samples  
(percentage)

0–60 Soft 2 (2%)
61–120 Moderately 16 (19%)
121–180 Hard 27 (31%)
 > 180 Very hard 42 (48%)
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correlated, and the p values’ state correlation coeffi-
cient is significant because the estimation of parame-
ters is interdependent. TDS was found to be correlated 
with chloride (r = 0.484**), nitrate (r = 0.473**), sul-
fate (r = 0.403**), total hardness(r = 0.395**), and 
total alkalinity (0.674**). The correlation of TDS 
with these parameters is highly significant (marked 
with double asterisks showing the p value is less than 
0.01) indicating the leaching of anions and cations 
from rocks into groundwater due to the long-term 
flow of water in the groundwater zone. Fluoride 
showed a weak negative correlation with pH, while 
a weak positive correlation with total hardness and 
total alkalinity, but no one was observed to have a sig-
nificant correlation. Total alkalinity (TA) was found 
with a positive significant correlation with total hard-
ness (r = 0.426**) and nitrate (r = 0.486**). If the 

correlation between two parameters is less than 0.500 
and statistically significant, then parameters are said 
to be weekly correlated, and this correlation is not by 
chance (Bhardwaj et al., 2020; Taylor, 1990). A simi-
lar trend of correlation in the water quality parameters 
was reported in the study groundwater of Rajasthan 
by Joshi and Seth (2011) and Singh and Mukherjee 
(2014).

Health risk analysis due to fluoride and nitrate

As fluoride and nitrate in the studied area were higher 
than the permissible limits of BIS and WHO, there-
fore, the health risk assessment had been done, and 
the estimated chronic daily intake dose (CDID) for 
males, females, and children is detailed in Table  1 
(supplementary information). The CDID estimates 

Fig. 4  a Box and whisker plot of TDS, EC, salinity and total alkalinity. b Box and whisker plot of ORP, chloride, sulfate, total hard-
ness, calcium, and magnesium. c Box and whisker plot of fluoride. d Box and whisker plot of nitrate
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the fluoride or nitrate taken by males, females, and 
children as per specific parameters prescribed for 
different gender and age criteria of residents of the 
region. The hazard quotients (HQ) determine the 
non-carcinogenic risk associated to consume water 
containing fluoride and nitrate. A value of HQ (sepa-
rately for fluoride and nitrate) greater than 1 indicates 
a significant health hazard due to the consumption 
of fluoride and nitrate-contaminated water. Haz-
ard index (HI) was calculated by the addition of HQ 
values from fluoride and nitrate. HI greater than one 
indicates significant hazards due to the consump-
tion of fluoride and nitrate-contaminated water as 
per USEPA (2014). The HI value for males, females, 
and children was estimated to range from 0.30–4.54, 
0.33–4.95, and 0.31–4.67 respectively. The repre-
sentation of the HI value for groundwater samples is 
greater than one is indicated by red stars, while less 
than one is indicated by the green stars for males, 
females, and children as shown in Fig. 5. The HI val-
ues of 71% of groundwater samples for males, 78% 
groundwater samples for females, and 75% ground-
water samples for children were greater than 1, indi-
cating significant health hazards due to consumption 
of groundwater. HI value was most significant for 

females because of the highest average lifetime and 
exposure duration among the three. The order of haz-
ard index in decreasing order was as female > chil-
dren > male. A similar order of hazard index was 
observed in another study conducted on a small 
region of the study area (Jandu et al., 2021).

Water quality index (WQI)

The water quality index was computed to consider the 
contribution of all parameters toward overall water 
quality and potability. The water quality index was 
observed to be varying from 13 to 196. The differ-
ent WQI categories and the number of samples with 
their cumulative percentage are shown in Fig. 6. The 
different range of observed WQI in the study area is 
represented by colors shown in Fig.  7. It was found 
that 28% and 47% of samples were observed to lie in 
the excellent and good categories, respectively, which 
can be used for drinking, irrigation, and industrial 
usage. Twenty eight percent of groundwater sam-
ples were observed in the poor category of WQI and 
cannot be utilized for drinking purposes but are suit-
able for industrial and irrigational purposes. Jandu 
et  al. (2021) in their study of some villages in the 

Table 7  Pearson’s correlation matrix of water quality parameters

pH
TDS 

(mg/L)

EC 

(µS/cm)

ORP 

(mV)

Salinity 

(mg/L)

DO 

(mg/L)

Fluoride 

(mg/L)

Chloride 

(mg/L)

Nitrate 

(mg/L)

Sulphate 

(mg/L)

TH 

(mg/L)

TA 

(mg/L)

pH 1.000

TDS (mg/L) -0.239* 1.000

EC (µS/cm) -0.238* 1.000** 1.000

ORP (mV)
-

0.357**
-0.002 -0.001 1.000

Salinity 

(mg/L)
-0.239* 1.000** 1.000** -0.002 1.000

DO (mg/L) -0.241* -0.170 -0.172 0.206 -0.170 1.000

Fluoride 

(mg/L)
-0.006 -0.030 -0.029 -0.042 -0.030 -0.196 1.000

Chloride 

(mg/L)
0.271* 0.484** 0.485** -0.240* 0.484** -0.341** 0.113 1.000

Nitrate 

(mg/L)
-0.147 0.473** 0.476** -0.201 0.473** -0.257* 0.173 0.128 1.000

Sulphate 

(mg/L)
0.038 0.403** 0.401** -0.055 0.403** -0.255* -0.103 0.442** 0.018 1.000

TH (mg/L)
-

0.289**
0.395** 0.394** 0.314** 0.395** -0.227* 0.052 0.063 0.162 0.121 1.000

TA (mg/L) -0.259* 0.674** 0.672** -0.152 0.674** -0.135 0.171 0.357** 0.486** 0.161 0.426** 1.000

*p value < 0.05; **p value < 0.01
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district concluded that 32.14% of groundwater sam-
ples belong to categories of water quality which is not 
suitable for drinking purposes.

A small fraction, i.e., only two samples were 
observed to be lying in the very poor WQI category 
and can be used for irrigational usage only. 9% of 
samples of Jhunjhunu district were observed to have 
WQI higher than 100, indicating the worst quality of 
water which cannot be used for any purpose at all. 
The groundwater of these locations demands some 
kind of treatment before use. Except for one sam-
ple, all these samples, having WQI greater than 100, 
belong to the northern part of the district. This part of 
the district was found to have maximum fluoride and 
nitrate contamination in groundwater.

Principle component analysis

Principle component analysis (PCA) is a multivariate 
statistical analysis tool that reduces a large number 

of variables into a few principle components (PCs) 
which account for the most of variance in the data 
(Krishan et  al., 2022; Panghal et  al., 2021). A huge 
dataset’s variation and compositional patterns can be 
explained using this method, which also yields con-
clusions that are reasonable, impartial, trustworthy, 
and scientific. As a result, a multivariate dataset is 
summarized while reducing initial information loss, 
streamlining the data structure, and creating new, 
uncorrelated variables known as principle compo-
nents from the original variables (Ahada & Suthar, 
2017). PCA was used to discover potential factors 
influencing groundwater chemistry and, as a result, 
which variables share a common source of origination  
in groundwater. The varimax rotation was employed 
on principal components (PCs), and Kaiser’s crite-
rion was considered to select PCs having eigenval-
ues greater than one (Rao et al., 2020). The PCs with 
eigenvalue, factor loading, % variance or eigenvalue 
%, and cumulative % variance are shown in Table 8. 

Fig. 5  HI presentation for males, females, and children due to fluoride and nitrate-contaminated groundwater
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The first four PCs (PC 1, PC 2, PC 3, and PC 4) were 
selected which accounts for a 69.51% variation in 
the data. The four PCs comprising PC 1, PC 2, PC 3, 
and PC 4 having an eigenvalue greater than one were 
chosen. PC 1 having an eigenvalue of 5.78 accounts 
for 36.13% variance. PC 2 having an eigenvalue of 
2.37 accounts for 14.79% variance. PC 3 having an 
eigenvalue of 1.53 accounts for 9.53% variance. PC 
4 having an  eigenvalue  of 1.45 accounts for 9.05% 
variance. The scree plot is showing all PCs and their 
respective eigenvalue% (Fig. 8). Principle component 
1 shows several positive factors loading greater than 
0.5 (bold in Table 8) which were contributed by TDS 
(0.91), EC (0.91), salinity (0.91), chloride (0.50), 
nitrate (0.54), TH (0.64), calcium (0.51), magnesium 
(0.61), TA (0.84), and bicarbonate (0.84). PC 1 had 
the highest loading factor for most of the parameters. 
By demonstrating a significant contribution of strong 
positive loadings (greater than 0.5) for all param-
eters, PC 1 revealed that both geogenic and anthro-
pogenic sources influenced the groundwater quality 
in the research area (Ullah et  al., 2021). TDS, EC 
calcium, magnesium, and bicarbonate may be high 
due to erosion, dissolution, and leaching as a result 

Table 8  Four PCs with eigenvalues, % variance, cumulative % 
variance

Bold value - factor loadings ≥0.5

Parameters PC 1 PC 2 PC 3 PC 4

pH  − 0.30  − 0.54 0.51 0.03
TDS (mg/L) 0.91  − 0.16  − 0.19 0.22
EC (µS/cm) 0.91  − 0.16  − 0.19 0.22
ORP (mV) 0.00 0.70  − 0.06 0.31
Salinity (mg/L) 0.91  − 0.16  − 0.19 0.22
DO (mg/L)  − 0.29 0.26  − 0.70 0.16
Fluoride (mg/L) 0.10  − 0.06 0.22  − 0.66
Chloride(mg/L) 0.50  − 0.56 0.30 0.20
Nitrate(mg/L) 0.54  − 0.20  − 0.18  − 0.43
Sulfate (mg/L) 0.38  − 0.30 0.26 0.57
Phosphate (mg/L) 0.00 0.00 0.00 0.00
TH (mg/L) 0.64 0.63 0.38  − 0.02
Ca2+ (mg/L) 0.51 0.61 0.37 0.06
Mg2+ (mg/L) 0.61 0.46 0.28  − 0.11
TA (mg/L) 0.84  − 0.08  − 0.18  − 0.30
Bicarbonate (mg/L) 0.84  − 0.08  − 0.18  − 0.31
Eigenvalue 5.78 2.37 1.53 1.45
% Variances or  

eigenvalue%
36.13 14.79 9.53 9.05

Cumulative % variances 36.13 51.91 60.45 69.50
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Fig. 8  Scree plot of PCA shows all PC with % variance or eigenvalue%
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of water–rock interaction, inferencing PC 1 contribu-
tor had geogenic origin (Rao et al., 2020; Ullah et al., 
2021). while salinity, chloride, and nitrate sourced 
from domestic waste and agricultural additives imply 
anthropogenic influence (Gugulothu et  al., 2022; 
Rashid et al., 2022). Ahada and Suthar (2017) in their 
study of groundwater analysis in North Rajasthan con-
cluded that both geogenic and anthropogenic factors  
influenced the groundwater quality. In PC 2, the fac-
tor loading was greater than 0.5 which was contrib-
uted by ORP (0.70), TH (0.63), and calcium (0.61). 
This may be due to water and calcium-bearing rock 
interaction, which implies geogenic origin (Ullah 
et al., 2021). PC 3 having only one parameter, namely, 
pH (0.51), implies the alkaline nature of water (Rao 
et al, 2020). Similarly, PC 4 has only one parameter, 
i.e., sulfate having a factor loading of 0.57 indicating 
the dissolution of minerals like gypsum applied for 
soil amendment (Gugulothu et al., 2022).

Conclusion

A detailed investigation of the Jhunjhunu district was 
implemented to assess the health risk assessment due 
to the consumption of fluoride and nitrate, and pota-
bility was evaluated by the water quality index. Six-
teen parameters of groundwater were analyzed as per 
the standard methods of APHA (2017) collected from 
87 locations in the study region, and results found 
that the value of the number of qualities parameters 
consisting of pH, EC, TDS, fluoride, chloride, nitrate, 
sulfate, total hardness, calcium, magnesium, and total 
alkalinity was observed higher than the recommended 
limit of BIS (2012) and WHO (2017). The fluoride 
in 10 and nitrate in 5 samples was observed to exceed 
the permissible limit of WHO. A correlation study 
found various parameters strongly correlated at a 99% 
level of confidence. TDS was observed to be corre-
lated with chloride (r = 0.484**), nitrate(r = 0.473**), 
sulfate (r = 0.403**), total hardness(r = 0.395**), 
and total alkalinity (r = 0.674**) at 0.01 level of 
significance. Total alkalinity (TA) was found with 
a positive significant correlation with total hard-
ness (r = 0.426**) and nitrate (r = 0.486**). Hazard 
assessment indicated the chronic daily intake dose, 
HQ, and HI for males, females, and children is a 

significant subject to non-carcinogenic health risk 
associated with the drinking of fluoride- and nitrate-
contaminated water. HI value of 71% of groundwater 
samples for males, 78% of groundwater samples for 
females, and 75% of groundwater samples for chil-
dren was greater than 1 indicating the significant 
health hazard due to the consumption of groundwa-
ter. The water quality index observed that only 63% 
of groundwater samples can be used for drinking pur-
poses, while the rest of the samples need treatment to 
make them potable. PCA revealed that the four PCs 
account for 69.50% of the variance in data. It reduced 
the 16 water quality parameters in the four major 
components affecting the chemistry of groundwater. 
The first component had the majority of water param-
eters with a loading factor higher than 0.05, which 
influence 36% variability in data with an eigenvalue 
of 5.78. It inferred that both geogenic and anthropo-
genic factors significantly contribute to groundwater 
contamination.
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