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Laser fluorimetry technique has been used to estimate
uranium concentration in groundwater samples
collected from 20 villages of Fazilka district, Punjab,
India. The uranium concentration was found to vary
from 4.32 to 83.99 μg l–1 at different locations with
mean concentration of 26.51 μg l–1. Also, 24% of the
drinking water samples exceeded the safe limits set by
WHO, while 9% was above the limit set by AERB.
Certain health risk factors like annual effective dose,
excess cancer risk and lifetime average daily dose
were also evaluated. The study also included uranium
estimation in soil samples collected from the same villages using wavelength dispersive X-ray fluorescence
technique. All the values were found to be well within
the safe limits. Topography of the region seems to be
the most likely reason for higher uranium concentration at some locations.
Keywords: Annual effective dose, laser fluorimetry,
safe limits, uranium.
URANIUM is a naturally existing, long-lived radioactive
element which is present in air, water and soil with wide
variation in concentration. It is a material of very high density (18.9 g/cm3). In fact, it is 65% denser than lead1. Due to
its radioactivity, uranium provides some radiation exposure
to the general public, which is inevitable2. It diffuses readily
in oxygen enriched water which is responsible for its presence in surface water, groundwater and the sea. Weathering
of igneous rocks which formed the earth’s original crust has
accounted for much of the dissolved uranium. Combustion
of coals and other fuels, release from the uranium industry
and use of phosphate fertilizers have also contributed to
uranium in the aquatic environment3. Once it enters the
water, uranium does not enter into the atmosphere.
Water intake is an integral part of human diet. This
depends upon various factors like sex, age, body weight,
metabolic activity, etc. Uranium present in groundwater
can be taken up by plants and transferred to the food
chain. The element is considered unessential for all
organisms as it does not contribute to any metabolic function. However, it can cause adverse health effects in
humans due to its radioactive and chemical properties.
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Uranium nuclides emit alpha particles of high ionization
power and hence may be toxic if inhaled or ingested in
high amount. Drinking water contributes about 85% of
the ingested uranium, while food about only 15%. Uranium can be severely damaging to the kidneys if taken in
large proportions4. Thus estimation of uranium content of
any region becomes significant for health risk assessment. The US Environmental Protection Agency (EPA)
has listed uranium in Group A category of human carcinogens. EPA has also advocated that only zero tolerance is the
safe admissible limit for cancerous risk from uranium. The
‘minimal risk’ level for uranium ingestion proposed by
EPA is an oral uptake of 2 μg per kg wt/day (ref. 5). Over
the last decade, many workers round the globe have estimated uranium content in both water and soil systems6–21.
In the present study, water and soil samples from 20
villages of Fazilka district, Punjab, India have been
analysed for uranium concentration. The study also
includes computation of various health-related parameters
and assessment of groundwater for drinking purposes.

Sampling area
Fazilka district is a part of Malwa region which lies on
the southwestern side of Punjab; Bathinda district lies to
its east, Ferozepur district to the north, Pakistan to west,
Haryana to the south and Sriganganagar district, Rajasthan to the southwest22. Twenty villages of Fazilka district in the vicinity of Abohar city have been selected for
the present study (Figure 1). Malwa region in Punjab has
become famous for wrong reasons. There has been an
unexpected rise in the number of cancer patients in this
region over the last decade23. This demands for examination of the abiotic environmental features of the region.
The present study assesses the underground water and
soil of this region for uranium concentration, a probable
cause for increased carcinogenic activity.

Methodology
Uranium concentration in water
Sixty water samples from 20 villages were examined for
uranium concentration using laser-fluorimetry technique.
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Figure 1.

Sampling area of the present study.

The samples were accumulated from groundwater hand
pumps. Next 10 ml of the filtered water sample was taken
for wet digestion (HClO4 and HNO3) to destroy organic
substances in the sample. The residue was mixed with
fluorescence agent (5% sodium pyrophosphate) and its
total volume was increased to 25 ml by adding millipore
elix-3 water. The resulting solution was put in a cuvette
for uranium concentration measurement22. The device
was calibrated in the range 1–100 μg/l using a standard
solution made by adding 1.78 g of uranyl acetate dehydrate in 1 litre of millipore elix-3 water containing 1 ml
of 70% HNO3. To obtain blank counts, a blank sample
containing identical amount of fluorescing reagent was
used for uranium concentration.
The concentration of uranium in the samples was
calculated as24
U (μg l−1 ) =

D1
V
× 1 C,
D1 − D2 V2

(1)

where D1 is the fluorescence due to sample only; D2 the
fluorescence due to sample and uranium standard; V1 the
volume of uranium standard; V2 the volume of sample
and C is the concentration of uranium standard solution.
The methodology is based on luminescence of uranyl
ion in solution. The apparatus consists of a molecular
nitrogen laser tube as the excitation source, a photomultiplier tube (PMT) and a sample compartment. The laser
source emits an intense pulsed UV radiation which is
focused on the sample. This excites the uranium complex
compounds (which are formed when fluorescence
enhancing agent is added). The fluorescence of uranyl ion
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is assessed by PMT. Organic matter present in the sample
also gives fluorescence when excited by nitrogen laser.
However, this fluorescence has much shorter lifetime
compared to that of uranyl complex. By measuring the
impeded fluorescence signal, fluorescence due to organic
substances is removed and only that due to uranium isotopes is measured by PMT. Contribution of organic matter is also nullified using optical filters3.
Health effects of uranium due to intake of groundwater
can be estimated through calculation of certain radiological
and chemical risk parameters25 which are listed below25.
Annual effective dose (AED)
AED = Ua × Win × Dcoeff,

(2)

where Ua is the uranium concentration (Bq l–1), Win the
annual consumption of water (4.05 l day–1) and Dcoeff is
the radioactivity dose conversion factor (4.5 × 10–8 SvBq–1).

Excess cancer risk (ECR)
ECR = Ua × RF,

(3)

where Ua is the uranium concentration (Bq l–1) and RF is
the risk factor (per Bq l–1) which is calculated as
RF = Rcoeff × IR × LE,

(4)

where Rcoeff is the risk coefficient for ingestion (1.19 ×
10–9 Bq–1), IR the ingestion rate of water (4.05 l day–1)
and LE is the life expectancy (63.7 years).
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Table 1.
Location
and code

Mean uranium
concentration
in soil (mg kg–1)

Mean uranium
concentration in
groundwater (μg l–1)

SD

Annual effective
dose (μSv year–1)

5.8
2.0
1.8
2.2
1.2
2.8
2.2
3.0
1.8
3.6
3.0
3.0
2.0
1.8
1.8
2.6
2.8
3.2
2.0
1.6

15.54
20.32
83.99
65.73
59.07
13.17
12.13
11.19
14.87
41.21
24.02
10.20
20.67
19.16
27.88
18.44
20.96
4.32
31.25
16.15

2.9
3.1
0.8
3.6
1.2
1.4
1.4
4.3
2.1
1.6
0.2
2.4
1.4
1.6
1.0
3.2
2.7
1.8
1.6
0.9

25.97
33.96
141.19
110.55
99.23
21.97
20.64
18.64
24.64
69.26
40.62
17.31
34.63
31.96
46.62
31.30
35.29
7.32
52.61
27.30

Nihalkhera (L-1)
Dangerkhera (L-2)
Khuikhera (L-3)
Churiwala (L-4)
Panjkosi (L-5)
Killianwali (L-6)
Gobindgarh (L-7)
Kundal (L-8)
Mamukhera (L-9)
Bajitpura (L-10)
Ghallu (L-11)
Jhumianwali (L-12)
Roharianwali (L-13)
Khipanwali (L-14)
BurjMahar (L-15)
Katehra (L-16)
Kamalwala (L-17)
Bodiwala (L-18)
Patrewala (L-19)
Danewala (L-20)

Table 2.
Statistical
parameter

Mean uranium concentration in groundwater and soil samples at different locations

0.44
0.57
2.37
1.86
1.67
0.37
0.35
0.31
0.41
1.17
0.68
0.29
0.58
0.54
0.78
0.53
0.59
0.12
0.88
0.46

Lifetime average
daily dose
(μg kg–1 d–1)
1.17
1.53
6.33
4.96
4.45
0.99
0.91
0.84
1.12
3.11
1.81
0.77
1.56
1.44
2.10
1.39
1.58
0.33
2.35
1.22

Statistical evaluation of mean uranium concentration, annual effective dose and other parameters

Mean uranium concentration
in soil (mg kg–1)

Minimum
Maximum
Average
SD
GM
GSD
Skewness
Kurtosis
First quartile
Third quartile

Excess cancer
risk (× 10–4)

1.2
5.8
2.51
0.97
2.36
1.40
1.93
5.49
1.8
3

Uranium concentration
in water (μg l–1)

Annual effective
dose (μSv year–1)

4.32
83.99
26.51
20.14
20.92
1.97
1.71
2.38
14.44
28.72

7.32
141.19
44.55
33.86
35.15
1.97
1.71
2.38
23.97
48.12

Excess cancer
risk (× 10–4)

Lifetime average
daily dose (μg kg–1 d–1)

0.12
2.37
0.75
0.57
0.59
1.98
1.71
2.36
0.4
0.80

0.33
6.33
1.99
1.52
1.58
1.97
1.71
2.38
1.09
2.16

HQ
0.275
5.275
1.66
1.26
1.31
1.97
1.71
2.38
0.91
1.80

HQ, hazard quotient; SD, standard deviation; GM, geometric mean; GSD, geometric standard deviation.

Uranium concentration in soil

Lifetime daily dose (LADD)
LADD =

EPC
IR
×
× ET × LE,
AT
BW

(5)

where EPC is the exposure point concentration of uranium (μg l–1), ET the exposure frequency (350 days year–1),
AT the average time and BW is the average body
weight.

Hazard quotient (HQ)
The extent of non-carcinogenic harms due to exposure is
indicated in terms of hazard quotient. It is the ratio of
LADD and reference dose (RD) which is taken to be
1.2 μg kg–1 day–1
HQ = LADD/RD.
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Forty soil samples collected from 20 villages were
assessed for uranium concentration using wavelength
dispersive X-ray fluorescence (WDXRF) technique. This
is the most popular method for elemental analysis having
the ability to detect elements from Be to U. This technique is much faster than γ-spectrometric measurements.
To start with, all the samples were dried in an oven at
105°C for 10 h. Next 9 g of each sample was mixed with
2.7 g of binder and the resulting mixture ground to form a
homogenized fine powder (particle size ~50 μm). Later
10 g of the above mixture was subjected to 15 tonnes of
pressure for 10 sec using a hydraulic press to form a pellet
of diameter 34 mm and thickness 4 mm. This pellet was
analysed for elemental composition of uranium using a
WDXRF spectrometer (model: S8 TIGER, make: Bruker,
Germany).
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In WDXRF, X-rays produced by a source irradiate the
sample (pellet). Uranium present in the sample will emit
fluorescent X-radiation with discrete energy which is
typical for U. By measuring the intensity of the emitted
energy, the amount of uranium in the sample is determined26. The detection system includes a diffraction
crystal, a set of collimators and a detector. The crystal
diffracts the X-rays with different wavelengths in different angles. By placing the detector (scintillation counter)
in a certain direction, the intensity of X-rays with a
certain wavelength is estimated. For this purpose, a detector mounted on a goniometer can also be used, which can
be moved through an angular range to measure intensities
of many wavelengths. The recorded spectra are evaluated
by fundamental parameters method using the software
linked to the equipment27.

Results and discussion
Table 1 shows results of uranium concentration measured
in 60 drinking water samples from the 20 villages
studied. Uranium concentration varied from 4.32 to
83.99 μg l–1 at different locations. The World Health
Organization (WHO) has recommended 30 μg l–1 as the
permissible limit for uranium in drinking water28 while

Figure 2. Mean uranium concentration (μg l–1) in groundwater samples at different locations.

Figure 3. Annual effective dose (μ Sv year–1) in groundwater samples
at different locations.
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the Atomic Energy Regulatory Board (AERB) has suggested 60 μg l–1 as the safe limit29. In this study, 24% of
the drinking water samples exceeded the safe limits set
by WHO, while 9% exceeded the limit set by AERB
(Figure 2). Certain health risk factors like annual effective dose, excess cancer risk and lifetime average daily
dose were also evaluated. The annual effective dose
varied from 7.32 to 141.19 μ Sv year–1 at different locations with an average value of 44.55 μ Sv year–1. All the
values were within the permissible limit of 100 μ Sv year–1
as suggested by International Commission on Radiological Protection except for the villages of Khuikhera, Churiwala and Panjkosi, where the values were higher
(Figure 3). For assessment of carcinogenic risk due to intake of uranium, excess cancer risk was calculated (Table
1). The values ranged from 0.12 × 10–4 to 2.37 × 10–4 at
different locations with an average of 0.75 × 10–4. Ten
per cent of the values was above the safe limit of
1.67 × 10–4 set by AERB. For assessment of noncarcinogenic risk due to uranium intake, lifetime daily
dose was calculated (Table 1). The values were between
0.33 and 6.33 μg kg–1 day–1 with an average of
1.99 μg kg–1 day–1 (Figure 4). AERB had suggested a safe
limit of 4.53 μg kg–1 day–1 for lifetime daily dose, and
10% of the values were above this limit.
Table 1 also shows the measured uranium concentration
in 40 soil samples from the same 20 villages (Figure 5).

Figure 4. Lifetime average daily dose (μg kg–1 d–1) in groundwater
samples at different locations.

Figure 5.
locations.

Mean uranium concentration (mg kg–1) in soil at different
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Table 3.

Comparison of mean uranium concentration in water
samples from different areas of Northern India

Area studied
Northern Rajasthan
Western Haryana
Northwest Punjab
Western Himachal Pradesh
Jammu, J&K
Udhampur, J&K
Western Punjab

Mean uranium
concentration (μg l–1)

Reference

38.48
19.14
13.22
2.17
4.72
11.01
26.51

32
33
34
35
1
36
Present study

All the values were well within the safe limit of 23 mg/kg
(ref. 30). Table 2 provides a statistical evaluation of the
results summarized in Table 1. Various statistical parameters like geometric mean, geometric standard deviation, skewness, kurtosis, 1st quartile and 3rd quartile
were evaluated. Positive values of skewness for uranium
concentration in water and soil and for various healthrelated parameters indicate that the frequency distribution
of all of the above has a long right tail, or the distribution
is concentrated on the left of the mean. Positive values of
kurtosis depict the longish tails or flat peaks of distribution of the above discussed parameters. Table 2 also
shows the values of first and third quartiles of distribution of all the parameters. Twenty-five per cent of the
uranium concentration values in water samples was
below 14.44 μg l–1 while 75% was below 28.72 μg l–1,
which is roughly the average value of the region. Thus
uranium concentration was not very high, baring a few
locations.
Elevated values of uranium in drinking water samples
seem to be due to natural geology of the region, industrial
activities in the region or due to excessive use of phosphate-based fertilizers. Geology of the region indicates
that uranium-rich granites form the basement of this
region. Interaction of groundwater with these granite rocks
might have resulted in high values of uranium measured
in the region. Secondly, the sediments of this region have
been derived from Shivalik Himalaya, which is known
for uranium mineralization31. Finally, soil of this region
is calcareous in nature24. Thus, water is found to be rich
in bicarbonates which are known to be an efficient leaching agent for uranium from soils and sediments. However, no direct correlation was found between uranium
concentration in water and soil. This indicates that uranium contamination in groundwater is not due to its concentration in top few layers of the soil of the region. It is
the inner core structure of the region well below the top
layers which is probably the cause of high uranium concentration in groundwater at some locations. So geology
of the region seems to be the most likely reason for higher
uranium content, but other possibilities cannot be ruled out.
The uranium concentration estimated in the present
study was also compared with those obtained from other
CURRENT SCIENCE, VOL. 115, NO. 11, 10 DECEMBER 2018

parts of northern India (Table 3). The average uranium
concentration from drinking water samples in northern
Rajasthan32, western Haryana33, northwest Punjab34,
western Himachal Pradesh35, Jammu region of Jammu
and Kashmir1, and Udhampur region of Jammu and
Kashmir36 has been reported to be 38.48, 19.14, 13.22,
2.17, 4.72 and 11.01 μg l–1 respectively, while it was
26.51 μg l–1 in the present study. Except from northern
Rajasthan, the value estimated in the present study is
generally higher than those obtained from other areas of
northern India.

Conclusion
The uranium concentration in water samples collected
from the studied area varied from 4.32 to 83.99 μg l–1
with an average value of 26.51 μg l–1. Nearly one-fourth
of the drinking water samples exceeded the safe limits set
by WHO. Less than 10% values are above the limit set by
AERB. The annual effective dose calculated was found to
be high at some locations. Uranium content in soil
samples collected from the studied area was well within
the permissible limits. The key factor for the increased
uranium content at some places seems to be geology of
the region (uranium-rich granites which form the base of
the region and bicarbonate-rich soil), but other humanrelated factors cannot be ruled out. The study suggests
further research to look for a possible link between
increased carcinogenic activity and uranium content in
the region.
Disclosure statement: There is no potential conflict of
interest among the authors.
1. Kumar, A., Kaur, M., Mehra, R., Sharma, S., Mishra, R., Singh,
K. P. and Singh, S., Quantification and assessment of health risk
due to ingestion of uranium in groundwater of Jammu district,
Jammu & Kashmir, India. J. Radioanal. Nucl. Chem., 2016,
310(2), 793–804.
2. Almgren, S., Isaksson, M. and Barregard, L., Gamma radiation
doses to people living in Western Sweden. J. Environ. Radioact.,
2008, 99, 394–403.
3. Sahoo, S. K., Mohapatra, S., Chakrabarty, A., Sumesh, C. G., Jha,
V. N., Tripathi, R. M. and Puranik, V. D., Distribution of uranium
in drinking water and associated age dependent radiation dose in
India. Radiat. Prot. Dosim., 2009, 136(2), 108–113.
4. Lussenhop, A. J., Gallimore, J. C., Sweat, W. H., Struxness, E. G.
and Robinson, J., The toxicity in man of hexavalent uranium
following intravenous admission. Am. J. Roentgenol, 1958, 79,
83–90.
5. Saad, M. H., Yousif, T. J. and Mohamed, Y., Uranium content
measurement in drinking water for some region in Sudan using laser flourimetry technique. Life Sci. J., 2014, 11(1), 117–121.
6. Patra, A. C., Mohapatra, S., Sahoo, S. K., Lenka, P., Dubey, J. S.,
Tripathi, R. M. and Puranik, V. D., Age-dependent dose and
health risk due to intake of uranium in drinking water from Jaduguda, India. Radiat. Prot. Dosim., 2013, 155(2), 210–216.
7. Simin, M., Reza, F., Sedigheh, S. and Derakhshan, S., Measurement of natural radioactivity concentrations in drinking water
2083

RESEARCH ARTICLES

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2084

samples of Shiraz city and springs of fars province, Iran and dose
estimation. Radiat. Prot. Dosim., 2013, 157(1), 112–119.
Birke, M., Rauch, U. and Lorenz, H., Uranium in stream and mineral water of the Federal Republic of Germany environ. Geochem.
Health, 2009, 31, 693–706.
Raghavendra, T. et al., Distribution of uranium concentration in
groundwater samples from Peddagattu/ Nambapur and Seripally
regions using laser flourimetry. Radiat. Prot. Dosim., 2014,
158(3), 325–330.
Curkovic, M., Sipos, L., Pontaric, D., Curkovic, D. K., Pivac, N.
and Kralik, K., Detection of thallium and uranium in well water
and biological specimens in an eastern Croatian population. Ash.
Hig. Rada Toksikol., 2013, 64, 385–394.
Yadav, A. K., Sahoo, S. K., Mahapatra, S., Kumar, A., Pandey,
G., Lenka, P. and Tripathi, R. M., Concentrations of uranium in
drinking water and cumulative age-dependent radiation doses in
four districts of Uttar Pradesh, India. Toxicol. Environ. Chem.,
2014, 96(2), 192–200.
Bakr, W. F., Ramadan, A., El-Mongy, S. A. and Anis, H., Quantitative assay and evaluation of uranium levels in water resources of
Egypt. Isot. Radiat. Res., 2011, 43(2), 359–368.
Srivastava, S. K., Balbudhe, A. Y., Vishwaprasad, K., Padma
Savithri, P., Tripathi, R. M. and Puranik, V. D., Age-dependent
radiation dose due to uranium in public drinking water in Hyderabad, India. Radioprotection, 2012, 47(1), 33–41.
Huang, Y. J., Chen, C. F., Huang, Y. C., Yue, Q. J., Zhong, C. M.
and Tan, C. J., Natural radioactivity and radiological hazards
assessment of bone-coal from a vanadium mine in central China.
Radiat. Phys. Chem., 2015, 107, 82–88.
Singh, B., Kataria, N., Garg, V. K., Yadav, P., Kishore, N. and
Pulhani, V., Uranium quantification in groundwater and health
risk from its ingestion in Haryana, India. Toxicol. Environ. Chem.,
2014, 96(10), 1571–1580.
Al-Hamarneh, I. F. and Awadallah, M. I., Soil radioactivity levels
and radiation hazard assessment in the highlands of northern
Jordan. Radiat. Meas., 2009, 44(1), 102–110.
Arogunjo, A. M., Hollsiegl, V., Guissani, A., Leopold, K.,
Gerstmann, U., Veronese, I. and Oeh, U., Uranium and thorium in
soils, mineral sands, water and food samples in a tin mining area
in Nigeria with elevated activity. J. Environ. Radioact., 2009,
100(3), 232–240.
Singh, S., Sharma, D. K., Dhar, S., Kumar, A. and Kumar, A.,
Uranium, radium and radon measurements in the environs of
Nurpur area, Himachal Himalayas, India’ Environ. Monit. Assess.,
2007, 128, 301–309.
Baykara, O. and Dogsu, M., Measurement of radon and uranium
concentrations in water and soil samples from east Anatolian
active fault systems (Turkey). Radiat. Meas., 2006, 41(3), 362–
367.
Singh, H., Singh, J., Singh, S. and Bajwa, B. S., Radon exhalation
rate and uranium estimation study of some soil and rock samples
from Tusham ring complex, India using SSNTD technique.
Radiat. Meas., 2008, 43(1), 459–462.
Hesham, M., Sadeek, S. and Rehab, M. A., Accurate determination of uranium and thorium in Egyptian soil ashes. Microchem.
J., 2016, 124, 699–702.

22. Narang, S., Kumar, D., Sharma, D. K. and Kumar, A., A study of
indoor radon, thoron and their exhalation rates in the environment
of Fazilka district, Punjab, India. Acta Geophys., 2018;
doi:10.1007/s11600-018-0114-5.
23. Kumar, A., Narang, S., Mehra, R. and Singh, S., Assessment of
radon concentration and heavy metal contamination in groundwater samples from some areas of Fazilka district, Punjab, India.
Indoor Built Environ., 2016, 26(3), 368–374.
24. Bajwa, B. S., Kumar, S., Singh, S., Sahoo, S. K. and Tripathi, R.
M., Uranium and other toxic elements distribution in the drinking
water samples of SW Punjab, India. J. Radiat. Res. Appl. Sci.,
2017, 10(1), 13–19.
25. Kumar, A., Vij, R., Sarin, M. and Kanwar, P., Radon and uranium
concentrations in drinking water sources along the fault line passing through Reasi district, Lesser Himalayas of Jammu and Kashmir state, India. Hum. Ecol. Risk Assess, 2017, 23(7), 1668–1682.
26. Brouwer, P., Theory of XRF, Panalytical, Almelo, The Netherlands, 2006.
27. S8 TIGER brochure; natureweb.uit.no/ig/xrf/PDF-files/S8_Tiger_
B80-EXS009_web_01.pdf
28. WHO, Guidelines for drinking-water quality, Geneva, Switzerland, 2011, 4th edn, World Health Organization.
29. AERB, Drinking water specifications in India. Atomic Energy
Regulatory Board, Department of Atomic Energy, Mumbai, 2004.
30. Canadian soil quality guidelines for the protection of environmental
and human health soil quality index 1.0 Technical Report, 2007.
31. Kaul, R., Uranium mineralization in the Siwaliks of North Western Himalaya, India. J. Geol. Soc. India, 1993, 41, 243–258.
32. Rani, A., Mehra, R., Duggal, V. and Balaram, V., Analysis of uranium concentration in drinking water samples using ICPMS.
Health Phys., 2013, 104(3), 251–255.
33. Kansal, S., Mehra, R. and Singh, N. P., Uranium concentration in
ground water samples belonging to some areas of Western Haryana,
India. J. Public Health Epidemiol., 2011, 3(8), 352–357.
34. Singh, S., Rani, A., Mahajan, R. K. and Walia, T. P. S., Analysis
of uranium and its correlation with some physico-chemical properties of drinking water samples from Amritsar, Punjab. J. Environ.
Monit., 2003, 5, 917–921.
35. Rani, A., Singh, S., Duggal, V. and Balaram, V., Uranium estimation in drinking water samples from some areas of Punjab and
Himachal Pradesh, India using ICP-MS. Radiat. Prot. Dosim.,
2013, 157(1), 146–151.
36. Sharma, S., Kumar, A., Mehra, R. and Mishra, R., Ingestion doses
and hazard quotients due to intake of uranium in drinking water
from Udhampur District of Jammu and Kashmir State, India.
Radioprotection, 2017, 52(2), 109–118.
ACKNOWLEDGEMENTS. We thank the local residents of the studied villages for support during the collection of water and soil samples. We also thank Punjab University, Chandigarh and DAV College,
Amritsar for providing experimental assistance.
Received 29 October 2017; revised accepted 16 August 2018
doi: 10.18520/cs/v115/i11/2079-2084

CURRENT SCIENCE, VOL. 115, NO. 11, 10 DECEMBER 2018

