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Abstract

Monitoring of radioactivity in an environment is an important step towards establishing the baseline for environment protec-
tion. This work highlights the spatial distribution of uranium (U); assessment of physico-chemical parameters and radiological
assessment in groundwater of Hamirpur district, HP, India. The concentration of U ranges from 0.15 to 18.92 pg 17!, High
correlation of U is observed with TDS, Chloride and Nitrate. Major concentration of U is present along the NW-SE trend-
line following the Siwalik in the areas where mineralisation is prevalent and is of geogenic source derived from granitic and
volcanic rock fragments present in conglomerates. The water-quality-index indicates that the water is suitable for drinking

purpose.

Keywords Spatial distribution - Geogenic origin of uranium - Radiological assessment - Terrestrial gamma radiation -

Geographic information system (GIS) - Hamirpur district, HP

Introduction

Natural radiation and radioactivity have always been a part
of the environment. All people are exposed to natural radia-
tions via food, water, air and soil. These radiations originate
from a radioactive element like uranium and its daughter
products like radon gas. The presence of natural radionuclide
like uranium (U) in water is an area of concern these days. In
recent years, many studies have reported the occurrence of U
in drinking water [1-4]. U is the toxic and natural radioac-
tive element having mainly 3 isotopes U-238, U-235, U-234
out of which U-238 is the most abundant and accounts for
99.3% of total natural uranium [5]. It is both a radiologi-
cal and chemical toxic element. Primary organs effected by
exposure to higher levels of U are bones and kidneys [6].
The chemical effect of U on the kidney are Nephritis and
Kidney damage [7, 8] Further, the toxicity of U depends on
many factors such as elimination route, exposure route, time
of contact, solubility etc. [9]. The maximum permissible
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limit of U in drinking water given by various health organi-
sations are different such as USEPA (United States Environ-
mental Protection Agency) has defined the limit as 30 ppb
[10], while WHO (World Health Organisation) has given
limit as 30 ppb [11], whereas AERB (Atomic Energy Regu-
latory Board) in India has given the maximum permissi-
ble limit of 60 ppb that is twice of WHO and USEPA limit
[12]. In the environment, uranium occurs in two different
oxidation states namely hexavalent U(VI) and tetravalent
UV). The hexavalent state is the most soluble state [13].
The oxidized uranium has more solubility and mobility
[14]. The presence of U in groundwater has both natural
and anthropogenic origin. Rocks such as organic rich shale,
granite and rock-phosphate have uranium-bearing minerals
for example pitchblende and uraninite [15]. The radionuclide
is present in the crystal lattice of these minerals as a trace
element [16]. The minerals in host rock upon contact with
ground water, get dissolve in water and further on, interac-
tion with sulphate, phosphate and carbonate ions in water
form complexes and get transported [17, 18]. Anthropogenic
causes involve the nuclear industry, emission, mill tailings
release, coal combustion, utilisation of phosphate fertilisers
and animal waste fertilisers [19, 20]. People are exposed
to U through terrestrial exposure, inhalation and intake of
food or water. The intake of water depends on many fac-
tors like sex, age, weight of the body, etc. Hence, for health
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risk assessment, monitoring of U concentration in drinking
water is very much significant. Many risk analysis studies
have been employed to trace radioactive elements and their
products in nature [21, 22]. As these radionuclides cannot
be geographically assessed by classical monitoring meth-
ods hence spatial modelling and distribution of radioactive
compounds have been subject of many recent studies [14,
16, 22].

Several studies in India (Northern and Western parts)
have reported the elevated level of uranium in drinking water
and its potential health risk [20, 23-25]. In states like Punjab
(500 ppb) and Rajasthan (133 ppb) very high concentration
of uranium is found as a result of both anthropogenic and
natural origins [24, 26]. Some studies have also been con-
ducted on uranium concentration (ppb) in Himachal Pradesh
(HP) like Kullu (0.07-2.35), Mandi (0.26-0.96), Bilaspur
(1.79-4.65), Shimla (0.61-10.11), Kangra (0.98-6.14)
[26-29].

The present study is an attempt to assess the concentra-
tion and spatial distribution of U in groundwater of Hamir-
pur district, Himachal Pradesh. The primary purpose of
this research is to study the concentration and distribution
of uranium in drinking water and to elucidate the possible
health effects on the human population. Influence of various
phsico-chemical parameters on uranium concentration and
their correlation is also studied.

Study area and its geology

Nestled in the lap of Himalayas, Himachal Pradesh (HP) is
situated in the north-western Himalayan region. It lies in
hilly terrain between river Yamuna in the south-east and river
Ravi in the north-west. The different agro-climatic zones
found in HP are cold dry zone, Siwalik hill zone, mid and
high hill zone. There are 12 districts in HP and the study was
carried out in the district Hamirpur (Fig. 1). The district lies
in Siwalik hill zone falling within 31°23'00"-31°53'00"N
latitude and 76°20'00"-77°45'00"E longitude covering an
area of 1118 sq. km. It is circumscribed on the south by
Bilaspur, South-West by Una and northwest by Kangra dis-
trict respectively. Generally, the elevation of the district var-
ies from 400 to 1100 m above mean sea level. The average
annual rainfall of the district is 340.72 mm. Main geological
horizons include post-tertiary and tertiary formations. The
entire district comprises of tertiary formations represented
by Siwalik group of rocks. Aquifer system of the district
comprises of sedimentary and porous formations. The later
includes boulder beds, clays, sandstone and conglomerates
while the former comprise of Fluviatile deposits that contain
clay, sand, gravel, boulders and pebbles. Both in the con-
glomerate and sandstone formation, groundwater occurs in
fractured or fault zone that further developed in the fashion
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of spring. The entire district has hand-pump having depth in
the range of 40—-80 m [30].

The whole district falls in mostly Siwalik range with
some intercalations of Subhatu formations and alluvium.
The Siwalik range is divided into three zones namely
lower Siwalik, middle Siwalik and upper Siwalik as shown
in Fig. 1. Lower Siwalik consist mainly of hard and com-
pact, grey, greenish grey or purple sandstones that is fine
to medium grained, with alternative clay clasts/bands. The
clays are reddish brown to maroon in colour. At certain
places cross bedding is also visible in lower Siwalik that
are assigned an age of 18.3—10.8 Ma [31, 32]. The propor-
tion of sandstone increases from lower to middle Siwalik
succession [33]. The middle Siwalik consists of moderately
compact and hard arkosic, medium to coarse grained grey
sandstone interbedded with pebbles and thin clay beds. The
individual sandstone bed generally varies from 2 to 10 m but
total thickness can vary a lot at many places. In some places
calcareous mudstone and silt stones are present that repre-
sent lacustrine conditions. The age of middle Siwalik varies
from 10 to 5 Ma [34, 35]. Presence of massive conglomer-
ates with thin bands of coarse grained sand bodies and red-
dish brown clays marks the occurrence of upper Siwalik.
The frequency and thickness of conglomerate belts varies
from place to place however it shows increasing up section.
The age of upper Siwalik varies from 5 to 0.8 Ma [35]. It is
interesting to note that the conglomerate of upper Siwalik
contains pebbles and rock fragments of granite, Quartzite,
Basic rocks, Limestone etc. in clay and rock flour matrix
cemented by carbonate material [32]. Lower Siwalik are
mostly present in the central portion of district (Hamirpur
valley) and south eastern part of the district bordering Una
and Bilaspur district. Thus, these areas are topographically
at lower elevations as compared to middle Siwaliks which
are present on the either side of Hamirpur valley (Fig. 1).
Upper Siwalik zone is mostly located in the north eastern
portion of district that has comparatively higher elevation
and share the border with Mandi district. There are major
two North east dipping thrusts passing through the district
in addition to many lineaments/faults.

Experimental
Sample collection

The fieldwork has been carried out in the Hamirpur district
in the month of May 2019. The district was divided into
6% 6 km? grid patterns to have systematic sampling of the
entire area. From a single grid one sample was collected.
Hence in all, 46 groundwater samples were collected from
manually operated hand pumps, dug well, bore well, natu-
ral water and chashma/naalu, covering an area of approx.
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1118 km? as shown in Fig. 1. For sample collection and stor-
age, the standard protocol given by BARC (Bhabha Atomic
Research Center) is used that uses APHA guidelines. Each
water sample is collected from one grid in polyethylene
bottle that is soaked for overnight in 10% HNO;. All the
samples were filtered using 0.45-micron filter paper. 1 litre
of water is collected for the water quality analysis includ-
ing parameters like F, Cl, NO;, SO,, PO,, and uranium.
While 250 ml is collected for the analysis of hardness and
alkalinity.

Physico-chemical analysis

The water samples were analysed for the physico-chemical
parameters. These parameters play an essential role in evalu-
ating the quality of water for potable and irrigation purposes.
All the insitu parameters like pH, electrical conductivity,
temperature, TDS, salinity, ORP (Oxidation Reduction
Potential) and DO (Dissolved Oxygen) were measured
properly on the field using multiparameter water kit (Orion
STARA329, Thermo Scientific, Waltham, MA, USA). The
kit was properly calibrated against the known standards.
TH (Total hardness) and calcium hardness is calculated
by standard titration method using Eriochrome Black and
Paton & Reeder as indicators. To calculate magnesium hard-
ness, the value of calcium hardness is subtracted from TH
[36]. Similarly, alkalinity is calculated by standard titration
method with standard H,SO, solution and methyl orange
as indicator. Both the hardness and alkalinity were meas-
ured within 24 h of sample collection. Ion-selective elec-
trode is used for the measurement of fluoride and chloride
using Orion STARA329, Thermo Scientific, Waltham, MA,
USA instrument. Both the electrode were calibrated using
known standards of fluorine (F1) and chlorine (Cl1). Further
for the measurement of nitrate (NO;), phosphate (PO,) and
sulphate (SO,) UV-Visible spectrophotometer (Hach dr
6000) is used. The outdoor environmental absorbed dose
rate from terrestrial gamma radiation is measured using hand
held radiation meter manufactured by Polimaster, PM 1405
survey meter. All the gamma radiation measurements were
carried out at approximately 1 m distance from the ground
at each of the locations. Five measurements were carried
out at each sampling locations and mean of these value were
taken to calculate effective dose for estimation of Annual
Effective Dose (AED). All the measurements are done using
the standard protocol shown by BARC during training and
APHA, 2005 [37].

Determination of uranium
The concentration of uranium in the water sample is meas-

ured using Quantalase uranium analyser, which is based on
the principle of Fluorescence being ignited by using LED
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Fluorimeter. The minimum detection limit of the instrument
is 0.10 pug I~! with an accuracy of + 10% [4, 20, 25]. The LED
generates intense and short lived pulses that cause the fluores-
cence of uranyl ion (U022+) in the solution [38]. 5% Sodium
pyrophosphate (Na,P,0,-10H,0) (SPP) solution is used as a
fluorescence enhancing agent for the Quantalase instrument.
The main function of SPP is to convert all the species of U
to a single form, to increase the fluorescence of U, masking
of quenchers like Fe and Mn and also to resist pH change by
acting as a buffer. SPP is prepared using ultra-pure water by
slowly adding diluted Phosphoric acid (H;PO,) (10% V/V)
drop by drop to adjust its PH value to 7. The calibration of the
instrument is done with a standard concentration of 1, 3, 5, 7
and 10 ppb prepared from the U standard of 100 ppm provided
by Quantalase Enterprises Pvt. Ltd., Indore, India. Samples are
analysed by standard addition method using a stock uranium
solution of 500 ppb to nullify the matrix effect. Micro pipettes
and analytical balance are used to avoid error in pipetting.

The values of U obtained for the groundwater samples was
plotted in Geographic Information System environment using
Arc GIS 10.4 software. The 46 water samples were interpo-
lated using Inverse Distance Weight IDW) method as it is best
the method of interpolation when the data is collected in a grid
pattern. The spatial distribution of uranium in the study area
was plotted and analysed.

Chemo-radiological assessment

Uranium is a last naturally occurring heavy radioactive ele-
ment that can be found in all the compartments of the envi-
ronment. Both the carcinogenic as well as non-carcinogenic
effects are associated via drinking of high level of uranium-
contaminated water. Carcinogenic effects included the radio-
logical risk which is associated with the radioactive property
of uranium. While, the latter included chemical risk, as it is a
heavy metal and affect kidney and lungs the most.

Radiological risk assessment

The carcinogenic effect as well as assessment of radiologi-
cal risk is done in terms of ECR (Excess cancer risk). It is
determined as the ingestion of radionuclide dose times the risk
factor [39]. It is computed using Eq. (1):

Excess cancer risk =Uranium activity (U,) Bq L!

x Risk factor (R) Bq~' L 1))
where,
Risk factor(R) = r X IR X EP 2)

where r is uranium risk coefficient, IR is rate of water inges-
tion and EP is period of exposure. 1 pg L' = 0.02528 BqL ™,
conversion factor (r) of 1.19x107° Bq_1 is used for
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calculating U activity [40], IR is taken as 4.05 1 day_1 [3]
and EP is calculated by taking 65 years [11] and converting
into days by including leap year days also (EP =23740 days).
However, the value of uranium in our study is well within
the limit, and radiological risk is generally not estimated
for such levels [41]. Hence ECR value is not estimated in
this study. Further, it is suggested that, for lower values
of U in groundwater, cancer risk should not be calculated
and assumption for calculations may lead to statistical
uncertainties.

Chemical toxicity evaluation

Uranium has several chemical toxic effects on the human
body. Being a heavy metal, it gets accumulated in organs
like kidney, liver and bones may cause potential health risk.
Therefore, uranium chemical toxicity is calculated based on
Lifetime Average Daily Dose (LADD) of U by consuming
contaminated water. It is calculated using Eq. (3) [11];

Uy x DIW X EF X AD
LE x ABW

LADD =

3

Uy = Concentration of U in environment (ug 171),
DIW =Daily water intake (4.05 1 day™'), AD =Mean
or average duration of exposure 65 years [11], LE=Life
expectancy in days, 25201 days as per the recent world
bank data of 2017 for India, considering leap years during
whole expectancy of 69 years [42]. Since the LE changes
with time, so recent LE available on World Bank data for
India has been taken. ABW = Average weight of body, 53 kg
(standard Indian person) [43], EF = Exposure frequency
(350 days year™!) [33].

The effect of consumption of U contaminated water can
further be calculated as Hazard Quotient (HQ). It is used
for the estimation of harm that is produced through intake
of uranium contaminated water [12]. HQ value less than 1,
indicate no adverse effects on a person.

LADD

HQ = RD “)

RD =Reference dose, 4.53 ug kg~! day™'.

Annual effective dose (AED) AED is calculated from out-
door absorbed gamma dose rate and an outdoor occupancy
factor of 0.33. Its unit is mSv year™! and is computed in
Eq. (5) [44]

AED =A; xCCx T x OF 5)

where A, is outdoor absorbed dose measured in nSv h!,
CC is conversion coefficient (0.7 Sv Gy_l), OF is occu-
pancy factor for outdoor exposure (0.33) which is calculated

considering the exposure of 8 h per day for agricultural prac-
tices in hilly region and T is the time for 1 year in h (8760 h).

Water quality index (WQI)

The effect of all the parameters on the quality of water can be
evaluated through a water quality index (WQI). In this study,
WQI is calculated through weightage arithmetic index method
[45]. It is calculated using the Eq. (6) given below; water hav-
ing WQI value in the range 0-25 is considered as excellent
water for drinking purpose, 26-50 as good quality water,
51-75, is poor quality water, > 100 is considered as unsuit-
able for drinking purposes [46]. pH, EC, TDS, TA, TA, CL, F,
NO;, Ca, Mg, SO,, are the parameters that were considered
for calculating the WQI with WHO, 2011 standards (Table 1).

X W,

WQI = W (6)

where W, =unit weight of nth parameter, g, =sub-index of
nth parameter or quality rating.
Further, g, and W,, is calculated using Eqs. 7 and 8;

_100(C, - G,,)

n io

where C,, = concentration of nth parameter, S, =Permissible
value, C; =ideal value of nth parameter. C; is considered
as zero for all the parameters while for pH it is taken as 7
i.e. neutral water.

V=g @®)

where K is proportionality constant and is computed as

Table 1 Relative weight of physico-chemical parameters that was
used for calculating water quality index (WQI)

Parameters Relative weight (Wi) Permissible
value (WHO
[11])

pH 0.140941 8.5

TDS 0.001198 1000

EC 0.000799 1500

TA 0.002396 500

TH 0.002396 500

Ca 0.003993 300

Mg 0.011980 100

SO, 0.004792 250

Cl 0.004792 250

NO; 0.023960 50

F 0.798667 1.5

Y Wi 0.995914
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Physico-chemical
Correlation analysis The statistical summary of physico-chemical parameters is

Correlation analysis is a matrix based analysis which depicts
the relationship among the chosen parameters. This helps
in identifying those parameters which are either dependent
(high correlation) or independent (low correlation) on the
other parameters based on the data being given. The correla-
tion between U and physico-chemical parameters has been
studied in addition to analyse the interdependency of these
parameter among themselves [4, 20, 25]. The concentration
of U in ground water is dependent on the background water
composition, rock types and the presence of uranium bearing
minerals. Hence, to understand the possible cause and distri-
bution of uranium, it is necessary to see its relationship with
some major cations and anions such as carbonate, sulphate,
chloride, phosphate and fluoride present in ground water.
Also, oxidation reduction potential and oxic conditions con-
trol the concentration of U in ground water [5]. Thus in this
study we used 14 parameters namely, pH, TDS, ORP, DO,
Total Hardness (TH), Total Alkalinity (TA), Ca, Mg, F, CI,
PO,, NO;, SO, and U, for estimation of correlation matrix.

given in (Table 2). The pH in the study area ranges from 6.26
to 8.52, with an average of 7.33. Electrical conductivity (EC)
varies from 226 to 1308 pS/cm with an average of 685 pS/
cm. EC of the water depends on total dissolved solids.
Higher EC value is the result of dissolution and leaching of
aquifer material [47]. Groundwater samples collected from
hand-pump shows higher EC values as compared to water
collected from springs. Generally, the groundwater sample
has low dissolved oxygen (DO). The value of DO ranges
from 1.1 to 7.73 mg/l with an average of 2.65 mg/l. TDS
(Total dissolved solids) value ranges from 158 to 915 mg/l
with an average of 479 mg/l. All the samples are within BIS
permissible limit of 2000 mg/l, however 45% of the samples
are above the BIS acceptable limit of 500 mg/l. ORP (oxida-
tion-reduction potential) in the region lies between 112.6
and 376 mV, with an average of 249 mV. Total hardness
recorded in the study area lies in the range of 75-500 mg/1
with average of 289 mg/l. 84.7% of the samples are exceed-
ing BIS acceptable limit of 200 mg/1. Hardness comes in the
water samples as the result of dissolution of major cations
such as Ca and Mg in groundwater. It is mainly attributed to

Table 2 Statistical summary of Physico-chemical parameters obtained for 46 water samples of Hamirpur district (HP) along with BIS [50]
acceptable and permissible limit. For uranium, WHO 2011 limit of 30 ppb is considered

BIS (2012) BIS (2012) Min Max Mean SD % of Sample
Acceptable limit Permissible limit above acceptable

limit

Temp - - 215 353 28.05 2.81 -

pH 6.5-8.5 - 6.26 8.52 7.33 0.54 NIL

EC (pS/cm) - - 226.80 1308.00 685.71 257.39 -

TDS (mg/l) 500 2000 158.76 915.60 479.99 180.17 45.65

ORP (mV) - - 112.50 376.90 249.02 72.39 -

DO - - 1.10 773 2.65 1.48 -

Salinity - - 113.40 654 342.85 128.69 -

TH (mg/1) 200 600 75.00 500.00 289.46 116.51 76.09

Ca (mg/l) 75 200 16.00 124.00 63.35 28.97 32.61

Mg (mg/l) 30 100 8.40 63.60 31.46 16.16 41.30

TA (mg/l) 200 600 112.50 562.50 305.89 105.75 80.43

F (mg/l) 1 1.5 0 3.00 0.11 0.44 2.17

Cl (mg/l) 250 1000 2.00 100.00 19.50 21.09 NIL

PO, (mg/l) - - 0 0.20 0.08 0.09 -

NO, (mg/l) 45 - 0 54.60 11.57 15.12 8.70

S0, (mg/l) 200 400 8.00 99.00 65.37 16.01 NIL

U (ppb)'! 30 0.15 18.93 2.96 4.18 NIL
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the geologic formations and the host rock. The higher degree
of hardness in the study area can be attributed to the higher
soluble concentration of Ca**, Mg?*, and HCO,~ ions in
aquifers system. Value of calcium and magnesium ranges
from 16 to 124 mg/l and 8 to 63 mg/l with a mean of 63
and 31 mg/l respectively. However, at some location, the
value of Mg hardness is more than the Ca hardness. About
41% of the samples are having magnesium ion concentra-
tion above BIS desirable limit of 30 mg/l. This may be due
to precipitation of calcium after reaching super saturation
and accounts for higher magnesium concentrations than cal-
cium [47]. Also weathering of rocks like sandstone, dolo-
mite, limestone, magnetite can be responsible for such high
magnesium concentration. The study area lies in Siwalik
formation which is dominated by sandstone, shale, limestone
and dolomite type of rocks leading to higher concentration
of Ca and Mg in water. Total alkalinity ranges from 112 to
562.5 mg/l with an average of 305.8 mg/l. 82% of the sam-
ples are exceeding BIS desirable limit of 200 mg/l. Value of
fluoride and chloride ion ranges from 0 to 3 mg/l and 2 to
100 mg/l. Most of the samples are within the BIS permis-
sible limit of F and Cl. Similarly, no significant concentra-
tion of phosphate is observed in the sample. The value of
sulphate ranges from 8 to 99 mg/l with a mean of 65 mg/l.
All the sample fall under BIS permissible limit of 400 mg/1
of sulphate. Value of nitrate varies from 0 to 54.5 mg/1 with
an average of 11.56 mg/l. Out of 46 samples, 4 samples
from, Garlic chowk (54.6 mg/l), Hamirpur (52.9 mg/1), Patla
(51.4 mg/l), and Ladraur (50.1 mg/1) fall above WHO, 2011
permissible limit of 45 mg/l. Significant content of nitrate
in water can cause several diseases like gastric cancer, blue
baby syndrome and heart diseases [48]. Contamination of
groundwater with nitrate is mainly due to agricultural activi-
ties, use of chemical and animal-derived fertilizers [48, 49].
Also, samples having higher nitrate content can be related to
livestock and domestic waste near a water source. The high
content of nitrate at above locations are most probably due
to agricultural activities that are practiced in the valley fill
zones near the river banks.

Spatial distribution of uranium

The concentration of uranium (U) in ground water was ana-
lysed and its spatial distribution was plotted using ArcGIS
10.4. The concentration varies between 0.15 and 18.92 pg 17!
in the study region with an average of 2.7 pg 1-!. 26% of
the samples fall above the average concentration of U in
the study area with highest concentration found at 3 loca-
tions namely Hamirpur, Patla, and Chakkmoh. Details of
concentration of uranium, uranium activity, ECR, HQ, and
LADD of all the 46 groundwater samples are given in the
(Table 3). The concentration of U in all the water samples
is below the permissible limit prescribed by WHO [11] and

USEPA [10]. However, the value of U obtained in the water
sample of Hamirpur city found to be 2.23 times more than
that reported by Singh et al. [23]. For example at Hamirpur
From the spatial distribution map it can be interpreted that
eastern part of district has lower concentration of uranium
while the southern part has the higher concentration (Chak-
kmoh—12.45 ppb) as indicated with red color (Fig. 2).
Minor concentrations of U are also observed in north-west-
ern part of the district. Further, the major concentration of
U is observed along the NW-SE trendline with highest con-
centration in the central (Hamirpur—18.93 ppb) and south-
eastern portion (Patla—15.53 ppb) of the district.
Generally, the presence of uranium in groundwater is
the result of natural activity due to leaching from underly-
ing bedrocks. Interestingly, the mineralization of uranium
is reported in Hamirpur district [51, 52]. The entire region
falls under Siwalik group of rocks having different lithology
such as sandstone, conglomerates, shale etc. The Siwalik
group of rocks have been explored for uranium mineraliza-
tion by Atomic Minerals Directorate for Exploration and
Research (AMDER) of Government of India since past 4
decades. These group of rocks shows different lithological
characteristic that assist in uranium mineralization such as
micaceous and immature feldspathic sandstones originated
from fertile source, existence of porosity barriers and pres-
ence of pyrite and organic matter that act as reductant [32].
The rock fragments, pebbles, sidements of Siwalik forma-
tion are principally derived from Himalayan orogenic belt
to the north and north east of the district. Three different
uranium mineralization zone namely Hamirpur basin, Galot-
Sibal-Loharkar tract and Romehra have been reported in
the Hamirpur district [32]. The Hamirpur basin (Bhaleth-
Astotha-Khya-Loharian-Karyali tract) lies in upper Siwalik,
while Galot-Sibal-Loharkar tract and Romehra lies in mid-
dle and lower Siwalik respectively. The carbonaceous matter
of sandtone in Hamirpur basin has significant concentration
of U304 (4.861%) and Fe,05 (81.42%) in it [23, 53]. The
high amount of Fe, 05 is derived from pyrite in carbonaceous
matter that further can act as a reductant and create suitable
environment for uranium mineralization. We observed ele-
vated concentration of U in groundwater of Hamirpur area
that lies in the vicinity of mineralized zone of Astotha, Loha-
rian, and Sibal. Usually the higher concentration of uranium
and other radionuclides are associated with granites, volcan-
ics phosphates and shale rocks [19, 48]. The conglomerates
of Asthotha and Romehra has rock fragments of granite,
quartzite, volcanics, limestone and argillites which are prob-
able source for uranium mineralisation. Similarly, elevated
concentration of U in groundwater of Patta and Chakkmoh is
observed as these lie near Sibal and Rohmera uranium min-
eralized zone. Other minerals of uranium that are found in
Asthotha and Khaya-Loharian tract are coffinite, uraninite,
uranophane and schoepite. High concentration of uranium
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Table 3 (continued)

AED (mSv year™) WQI

Ay (Svhh

HQ

(ug kg™ day™")

0.54
0.35
0.05
0.33
0.07
0.04
0.12

LADD
0.86

Activity (Bq 17V

U (ppb)

Place

no.

10.14

0.25

125

0.119

0.198

7.83
5.07

0.72

Bhota

36
37
38
39
40
41

23.55

0.23
0.20
0.23
0.22
0.20
0.23
0.24
0.12
0.16
0.25

0.128 0.077 115

0.018

Garli Chowk

13.97

100

115

0.011

Jaure Amb Bus

5.81
19.47
21.77

12.17

0.073

0.121

4.77

Harsaur Bus Stop
Gauria Khurd
Garli Chowk

110

0.016

0.027

1.07
0.65
1.72

100

115

0.010

0.016

0.026
0.190

0.043

Kotla
Chakkmoh Bus

Paplohal

4

6.06
6.49
4.82

120

0.315

12.45
BDL
0.68

43

60

44
45

0.05 0.010 80
125

1.07

0.017

Ladrurer

6.55

0.236

0.392

15.53

Patla Bus Stop

46

(1450 Bq kg™!) was found in soil samples of Hamirpur dis-
trict as a result of uranium mineralization in the area [54].

Correlation analysis

Different parameters exhibit relations among each other
which is studied in the form of correlation matrix. We used
following mentioned 14 parameters namely, pH, TDS, ORP,
DO, Total Hardness (TH), Total Alkalinity (TA), Ca, Mg,
F, Cl, PO,, NO;, SO, and U, for estimation of correlation
matrix as shown in Table 4. Since EC, Salinity and TDS vary
linearly and are interdependent, hence only TDS is taken for
obtaining correlation matrix. However, correlation between
2 parameters is just not dependent on the concentration of
the parameter but also on the confidence of the analysis as
defined by p test. Hence, in addition to correlation, p value
was also estimated and presented in Table 4. The cells lower
than diagonal cells represent correlation values while those
above the diagonal cells show the p value. The values less
than 0.05 for p values indicates that the correlation value
obtained is given with 95% confidence value. Hence those
correlation values having p value less than 0.05 are consid-
ered significant in this study which are highlighted by green
cells. Based on that it was observed that correlation values
of more than 0.40 are quite significant. These are highlighted
by blue cells in Table 4. The correlation values more than
0.60 is considered highly significant and are marked as
bold. Highest correlation values are observed between total
hardness with Ca and Mg ions as obvious, since they are
inter- dependent.

Good correlation of TDS is observed between TH, TA,
Mg, Cl, U and SO,. Further TDS shows higher correlation
of 0.68 with Cl indicating leaching of anion from the rocks
into the water table due to long travel time of water in the
groundwater zone. Good correlation is observed between
TA and Mg indicating the magnesium carbonate rock dis-
solution as the main reason for groundwater alkalinity [25].

Significant correlation of uranium is observed with
TDS, TH, CI, PO, and NO; (Table 4). Positive correlation
is also observed with Ca, Mg and SO,. Highest correla-
tion (0.62) of U is observed with TDS in this study area.
Many ionic species are present in groundwater that have
high TDS, which further can interact with uranium and
finally cause enhancement in radioactivity [55]. The posi-
tive correlation of U was observed with Ca*? and Mg*?
ions, indicating the speciation and mobilization of U in the
form of Ca(UO,)(CO;); and Mg(UO,)(CO;); complexes
[56]. Positive correlation of U with Mg and SO, indicates
the dissolution of Gypsum and Dolomitic limestone [4].
Also, the positive correlation of U with PO, and SO, may
suggest the dissolution of uranium bearing minerals such
as pitchblende, uraninite and their transport in the form
of chemical complexes with phosphate and sulphate ions
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Fig.2 Map showing spatial distribution of uranium in ground water of Hamirpur district. Red indicates higher concentration while blue depicts

lower concentration. (For details see text). (Color figure online)

respectively [17, 18]. However, in this study area, the cor-
relation of U with anions seems to be higher than cations.
Good correlation of uranium with chlorine can be corre-
lated with the occurrence of uranium-chloride in the form
of dissolved salts [20, 57, 58]. This statistical finding indi-
cates that the presence of uranium is partially correlated
with the rock type and background water composition.
Higher concentration of nitrate is observed at those loca-
tions (Hamirpur, Ladraur, Chakkmoh etc.) where elevated
concentration of U is also present. Thus, U shows higher
correlation with NO; as also reported by [57, 59]. It is
noteworthy that these locations are situated in the vicinity
of perennial water source. Due to presence of good water

@ Springer

source, the population density increases. Hence denser popu-
lation is present in the locations such as Hamirpur, Chak-
kmoh, Ladraur, Jahu, Patla where agriculture is their major
occupation. To meet the demands of increasing population,
agriculturist and farmers started utilization of more urea,
animal manure and fertilizers. Excessive use of urea and
animal based manures, increases the concentration of nitrate
in water as seen in various location of the district. It is antic-
ipated that with passage of time and utilization of exces-
sive urea and fertilisers, these areas (Hamirpur, Ladraur,
Chakkmoh etc.) will face more environmental problems
due to nitrate contamination. Also, nitrate form complexes
with uranium such as uranyl-nitrate, that is having strong
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Table 4 Correlation matrix calculated using Pearson method, of 14 parameters obtained from water quality analysis of 46 samples
[ pH [Tps  [orr  [DO [TH [T1A [ca [ Mg E [c [ PO, [ NoO, [ so, [u

Correlations for all pairs of data series (method = pearson)
pH 1| —0.7521 | —0.1997 | —0.8997 | —0.0841 | —0.7816 | —0.1605 | —0.1434 | —0.2823 | —0.295 | —0.4757 | —0.934 | —0.1886 | —0.8327
TDS 0.048 1| —0.0678 | —0.0436 | —0.0021 0| —0.0707 [ —0.0009 | —0.0136 0| —0.159 | —0.0144 | —0.0001 0
ORP 0.193 0.272 1| —0.117 | =0.0054 | —0.1032 | —0.0181 | —0.0276 | —0.2591 | —0.3991 | —0.1553 | = 0.0025 | — 0.0153 | — 0.1601
DO —0.019| —0299| —0.234 1] —0.0792 | —0.0041 | —0.4779 | —0.022 | —0.6059 | —0.3334 | —0.0229 | —0.4051 | —0.0393 | —0.2948
TH —0.257 —0.262 —0.0009 0 0| —0.0479 | —0.4837 | —0.2578 | —0.0009 | —0.0441 | —0.003
TA 0.042 1| —0.0463 | —0.0004 | —0.6863 | —0.157 | —0.9442 | —0.179 | —0.0139 | —0.0068
Ca —0.21 0.295 1| —0.0076 | —0.1123 | —0.771 | —0.0918 | —0.0001 | —0.2709 | —0.0248
Mg —0.219 0.389 1| —0.0909 | —0.3685 | —0.8734 | —0.1427 | —0.0217 | —0.0082
F 0.162 —0237 | —0.252 1] =0.0001 | —0.2128 | —0.3959 | —0.6754 | —0.4145
cl —0.158 0.044 0.136 - 1| —0.0103 | —0.0131 | —0.0075 | —0.0001
PO, —0.108 0.335 0.17 0.011 0.251 0.024 0.187 0.374 1| —=0.0012 | —0.8578 | —0.0002
NO, 0013 —0.126 0202 [NOSSA 022 —ou28| 0363 —0.0039 0
SO, —0.197 —0.305 0.36 0.166 0.338 0.063 0.39 1| —0.0298
U —0.032 —0.158 0.394 0.331 0.385 0.123 0.321 1

The cells below the diagonal matrix (having value 1) represents r* value while the confidence level depicted by p value is shown on the upper
cells. The correlation values having p value <0.05 were considered significant. Hence, such cells are highlighted as green colour for p value
while blue highlighted cells depict significant correlation values. Further very strong correlation values of >0.60 are marked as bold. (For

details, refer text). (Color table online)

solubility in groundwater [60]. Further, nitrate is considered
to alter the solubility of uranium by dissolving its reduced
U(IV) minerals oxidatively [61]. Hence, in future, the con-
tamination of nitrate in the study area may increase the con-
centration of uranium in the ground water in addition to the
geogenic origin.

Water quality index (WQI)

WQI is an important tool to identify the quality and sustain-
ability of water for drinking purpose [62]. For monitoring
the quality of water, these water quality indices are consid-
ered as communication and aggregation tools [63]. The cal-
culated WQI ranged from 1.28 to 168.83 with an average of
12.00 for 46 groundwater sample (Table 3). Individual WQI
value for every sample is given in Table 1. Nearly all the
water samples fall under the excellent quality of water except
only one sample that falls in unsuitable category for drinking
purposes. The high concentration of fluorine is observed in
that sample leading to its higher WQI value (168.83). Thus
the quality of groundwater in the study area seems to be
suitable for drinking purposes, however at certain specific
pockets, concentration of uranium and anthropogenic activi-
ties needs to be checked so that concentration of nitrate and
uranium remains within the acceptable limit.

Assesment of chemical toxicity and outdoor dose
rate

The Lifetime Average Daily Dose (LADD) value ranges
from 0.01 to 1.31 pg kg~! day™' with an average of
0.19 pg kg~! day~!. LADD shows a wide variety of value,
as the concentration of uranium is not uniformly distributed.

The value of LADD lies within the permissible limit of
4.53 pg kg=! day~! [12]. Further to determine the chemical
toxicity, HQ is computed. The high value of HQ greater
than 1 indicates the unsuitability of water for drinking pur-
pose. In the present study, HQ ranges from 0.002 to 0.288
with the mean value of 0.04, that indicates the suitability of
groundwater for drinking purposes. Since HQ is dependent
in LADD, hence in both the computations, 26% of the sam-
ples fall above the average value of LADD and HQ.

The absorbed dose rate from outdoor terrestrial gamma
radiation ranges from 60 to 135 nSv h™! with an average
of 102 nSv h™!. 43% of the samples fall above the average
absorbed dose in the study area with highest value found
at locations Daragon (135 nSv h~1), Barara (130 nSv h™1),
Patla (125 nSv h™!), Bhota (125 nSv h™1), and Chamoh (120
nSv h™1) respectively. The variation of outdoor gamma radi-
ation for various locations follows a similar trend as that
of uranium concentration in water samples as shown in
Fig. 3. The locations where lower uranium concentration
is observed in water, also shows lower values of gamma
radiation and similarly for elevated values. However, a con-
trasting pattern is shown for sample collected at Hamirpur
city. At this location the concentration of U in groundwater
is higher than other locations and so higher gamma radia-
tion is expected, but comparatively lower gamma radiation
is observed in this location. This could be attributed to the
fact that in Hamirpur city, underground rocks and soil are
not exposed at the location where sampling was carried out,
hence the gamma radiation is less.

The value of AED calculated from absorbed dose rate
ranges from 0.12 to 0.27 mSv year™! with an average of
0.21 mSv year™!, which is higher than the world average of
0.07 mSv year™! [64] but are below the background radiation
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Fig. 3 Variation of concentration of uranium in water samples and outdoor Gamma radiation of Hamirpur district

level of (2.4 mSv year™!). Comparatively higher AED val-
ues in the study area is observed at Daragon and Barara.
Slightly higher background radiation level in the study area
can be the result of radionuclide present in the parent rocks.
Similarly, the value of high terrestrial gamma radiation and
AED at location Daragon and Barara is may be due to radio-
nuclides present in soil and rocks as less concentration of
uranium present in ground water at these locations. How-
ever, in depth analysis of radioactivity in soil and host rocks
needs to be carried out to ascertain some concrete results in
the study area.

Conclusion

The present investigation determined the spatial distribu-
tion, radiological assessment, concentration of uranium and
other water quality parameters in groundwater of Hamirpur
district, Himachal Pradesh. Most of the water quality param-
eters are within permissible limit except nitrate, magnesium
and alkanility. The value of HQ and WQI indicates that the
suitability of water for drinking purpose. The region has
minute natural terrestrial radioactivity and are well below
than the background radiation. However, the average value
of AED is 0.21 mSv year~!, which is thrice the world aver-
age of 0.07 mSv year™!. The measured concentration of ura-
nium ranges from 0.15 to 18.92 pg 17! in the study region
with an average of 2.7 pug 1 ~! which is below the WHO
permissible limit. Spatial distribution of uranium shows
that the major concentration of uranium is present along the
NW-SE trendline. At few locations which are densely popu-
lated (Hamirpur, Chakkmoh and Patla) elevated concentra-
tion of uranium is observed as also found by other investiga-
tors, hence it is necessary to periodically monitor the ground
water of this region and to investigate the main cause and
origin of this contamination. This elevated concentration

@ Springer

of uranium is observed mostly in Siwalik range where
mineralisation is prevalent. The granitic and metamorphic
rock fragments present in the conglomerates of the area are
expected to be the geogenic source. Higher positive correla-
tion of uranium is also observed with nitrate, and chlorine
indicating the influence of agriculture activities in addition
to leaching of uranium from host rocks. The higher nitrate
values is observed in densely populated areas as a result of
agricultural activities. Thus there is a need to educate the
farmers about these current scenarios and inform them about
the feasible utilization of the fertilizers and manures. Proper
knowledge needs to be provided to them about utilising bet-
ter and alternative water management practices.
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