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Abstract Uranium (U) concentration and other associ-

ated risks have been studied in ground water around a

newly established U mining and processing facility at

Tummalapalle, India. The U concentration in groundwater

samples was found to vary between 0.38 and 79.70 lg l-1.

Data analysis revealed that more than 85 % of the samples

had U concentration lower than the USEPA and current

WHO recommended guideline value of 30 lg l-1. The

annual effective dose, the lifetime excess cancer risk and

chemical toxicity risk from drinking of this water have

been found to be less and were within the prescribed limit.
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Introduction

Different human activities such as combustion of fossil

fuels, exploration and processing of phosphate rocks, use of

phosphate fertilizer in agriculture, smelting of metals,

extraction of thorium, mining and processing of uranium

(U) ore etc. can release natural U to the surrounding

environment and may contaminate nearby underground

aquatic system. In particular to a U mining and processing

industry, groundwater contamination due to U could be a

major concern and therefore ground water needs to be

monitored for U content around the site prior to the

establishment and operation of the industry. As we know

intake of water is an essential part of the human diet and

therefore, it can contribute to chronic natural radioactivity

exposure due to presence of various dissolved radionu-

clides in it. Being a primordial radionuclide, U is omni-

present and poses some radiation risk to human life

according to ICRP recommendation [1]. U readily dis-

solves in oxygen-rich water which accounts for its presence

in surface water, groundwater and sea water. In an oxi-

dising environment where ground water contain apprecia-

ble amount of dissolved oxygen, oxidises U present in the

rocks to more mobile ?6 state (UO2
2?) and the leached U

gets into the solution and transported through the ground-

water. The health effects of U can be divided into car-

cinogenic and non-carcinogenic effects [2] and these

classifications are based on the radiological risk by radia-

tion of U isotopes and the chemical risk as a heavy metal.

For ingested U, the main target organ of toxicity is the

kidney [3, 4]. An exposure of about 0.1 mg kg-1 of body

weight of soluble natural U results in transient chemical

damage to the kidneys [5]. The United Nations Scientific

Committee on the Effects of Atomic Radiation [6] has

estimated that exposure to natural sources contributes more

than 98 % of radiation dose to the human population (ex-

cluding medical exposure). Worldwide average annual

exposure to natural radiation sources has been estimated to

be in the range of 1–10 mSv, with 2.4 mSv being the

present estimate of the mean value [6]. However, there is a

large local variation in this exposure depending on a

number of factors, such as height of the study area above

sea level, the amount and type of radionuclides present in

the soil and rocks, the amount taken into the body through

inhalation of air and ingestion of food and drinking water.

U concentration in groundwater mainly depends on

lithology, geomorphology and other geological conditions

of the area [7–9]. Contamination of groundwater due to U
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around several uranium mines has been studied worldwide

[10–12]. In India U mining has been started in mid-1960’s

in the East Singhbhum district of Jharkhand and recently a

new U mine and processing plant has been started at

Tummalapalle in the district of Kadapa of Andhra Pradesh.

In India several studies have also been conducted to esti-

mate natural U concentrations in groundwater around dif-

ferent proposed and operational U deposits and also in

general areas where a wide range of U concentrations have

been reported. [13–18]. The major objectives of the present

study are to estimate U concentration in groundwater in

the surrounding environment of the U mining and pro-

cessing facility and associated health risk, if any, to local

population through ingestion of water. Furthermore the

generated data could be served as a baseline data for the

study region and can be helpful in the future to assess the

impact on adjoining groundwater if any because of U

mining and milling activities after a longer period of time.

Study area

Groundwater sampling locations are shown in Fig. 1.

Tummalapalle uranium deposit is located in the Vemula

Mandal of Kadapa district in the state of Andhra Pradesh,

which is about at a distance of 70 km from district head-

quarters. The nearest town is Pulivendula, which is about

15 km from the site (by road) towards the North West. The

nearest railway station is Muddanuru on the south central

railway, Hyderabad–Chennai BG line which is about 50 km

towards the north east. The average ore grade of the deposit

is about 0.040 % as U3O8 and 82 % of the rock is composed

of carbonate and therefore, the favoured leaching of the ore

has been planned to be carried out by a high temperature

pressurised alkali leaching process. The study area is in the

tropical region where the climate is characterised by very

hot summers, mild winters and monsoon rains. In summer

(March to June) the monthly temperatures range from

maximum 46 �C during day time to a minimum of 15 �C in

night and the winter is from November to February and the

temperature varies from 40.6 �C in day time to 10.6 �C in

night. The average rain fall recorded by India meteorolog-

ical department (IMD) of Kadapa is 783.3 mm and 80 % of

the rain fall took place during mid-June to mid-November.

Further in the study region the average rain is still relatively

less as compared to the Kadapa.

Geology of the study area

The area lies in the south western part of the crescent

shaped to late Proterozoic Kadapa basin. The basin con-

stitutes a metamorphosed to slightly metamorphosed thick

(1500 m) arenaceous and argillaceous sedimentary

sequence overlying the profound eparchean unconformity.

Highly metamorphosed and deformed late archean to early

proterozoic granite gneisses and dharwarian schists lie

under this thick sedimentary pile. The sediments are mostly

undisturbed on the SW margin of the basin while these are

thrust over by Dharwarian schist and gneisses on the

eastern margin. Tummalapalle U deposit is located in the

middle of the south-western margin of Kadapa basin.

Vempalle carbonate rock formation is the host rock of U

mineralisation, forms the upper part of papaghni group of

the rocks and is underlain by gulcheru quartzite.

Materials and methods

Sample collection and analysis

For this study, 106 groundwater (borehole and hand pump)

samples were collected from 58 sampling locations within

a 15 km radius around the Tummalapalle U mining and

processing facility during the year 2013–2014 for a brief

study of U content in groundwater. From each locations

water sample were collected before and after the monsoon.

500 ml dry and pre cleaned polyethylene bottle was used

for collection of water samples. After collection of sample

it was filtered through 0.45 lm whatman filter paper and

pH was measured. U content in groundwater sample

was measured by LED based UV Fluorimeter (Model No.

UA2, M/s. Quantalase Enterprises Pvt. Ltd., Indore,

India) in which a pulsed LED UV light was used to excite

uranyl species at 405 nm. A standard stock solution of

973 mg l-1 U (Sigma Aldrich make) was diluted to

working concentrations for regular calibration and check-

ing the performance of the instrument. Water sample

analysis was carried out by standard addition method to

avoid matrix effect and any other interference by different

ions. 5 % sodium pyrophosphate solution was used as a

fluorescence enhancing reagent that forms uranyl phos-

phate complexes which is more stable in the solution [19].

The pH of the reagent was maintained at 7.0 by ortho-

phosphoric acid. 0.1 M HCl/0.1 M NaOH was used to

adjust the pH of water samples prior to analysis of U in

water sample. 5 ml water sample and 0.5 ml of 5 %

sodium pyrophosphate were taken in cleaned cuvette and

subjected to fluorescence reading by the instrument. To

get blank counts, a blank sample was prepared using

double distilled water with same amount of fluorescing

reagent for measurement of U concentration. Both

micropipettes and analytical balance were used simulta-

neously to avoid any error in pipetting. In standard

addition method, U concentration in the sample was esti-

mated by
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Cs ¼ Cst

Fs Vstð Þ
Fmix Vs þ Vstð Þ � Fs Vs½ � ; ð1Þ

where Cs is the concentration of U in the sample (lg l-1),

Cst is the concentration of U standard solution (lg l-1), Fs

is the fluorescence due to sample only, Fmix is the fluo-

rescence due to sample and spiked U standard solution. Vs

is the volume of sample (ml), Vst is the volume of U

standard solution spiked (ml).

Quality assurance and quality control

The quality of the data was assured by cross method

analysis. Ten water samples were analysed by both laser

fluorimeter and LED based UV fluorimetry, which are the

accepted and standard instruments and recommended

method for ultra trace U analysis. The results were in good

agreement with each other and the correlation coefficient

was observed to be 0.99 (Fig. 2). Quality assurance was

Fig. 1 Sampling locations for ground waters around the Tummalapalle U mining and processing facility
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made by analysis of standard reference material, replicate

analysis and cross method checking. All laboratory glass-

ware used for sample processing was soaked in 10 % nitric

acid for 15 days and then rinsed thoroughly with distilled

and double distilled water, respectively before use. Reagent

blank was taken along with each batch of sample prepa-

ration and concentrations observed in the reagent blank

were subtracted from the same batch of samples.

Results and discussion

Distribution of U in the ground water

The statistical analyses data of measured U concentration in

groundwater samples is presented in Table 1. Overall U

concentration in the groundwater samples was found to vary

from 0.38 to 79.7 lg l-1 with a mean value of 15.65 lg l-1.

The distribution of measured U concentration was found to

be following approximately close to the log-normal distri-

bution and the same has been affirmed by v2 test. The geo-

metric mean of U concentration was estimated to be

9.83 lg l-1. The available rocks in the study region are

found to be granite and basic dyke, cherty and massive

limestone, conglomerate, shale purple, dolomite and quart-

zite and further the area is known for uranium mineralisation.

Therefore, a wide range of variation and marginally higher U

concentration in groundwater has been assumed to be

observed in the study area. Further to understand the beha-

viour of U concentration in ground waters at different dis-

tance from the U deposit, the study area was categorised to

three zones such as Zone 1 (0–5 km), Zone 2 (6–10 km) and

Zone 3 (11–15 km) assuming the mining site as the centre

point of the study area and zone wises U concentrations were

reported. The mean U concentrations in different zones were

observed to be 4.45, 18.55 and 18.93 lg l-1 for Zone 1, Zone

2 and Zone 3, respectively. It has been observed slightly

higher U concentration in two zones (Zone 2 and Zone 3) as

compared to the Zone 1 and this may attributed to the local

geology of the region and different types of rocks coming

contact with the aquifer rather than any source of pollution. U

concentrations in water depends on many factors such as U

content in the host aquifer rocks and its chemical con-

stituents, presence of oxygen and its complexion agent,

chemical reaction with ions in solution and nature of contact

between uraniferous minerals and water [20]. Further water

samples collected from the area within the 5 km distance

from the site (Zone 1) have shown less U concentration and
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Fig. 2 Comparison of U concentrations in water samples by Laser

and LED based fluorimetry

Table 1 Statistical data analyses of U concentration in groundwater around mining and processing site

Parameters Overall (0–15 km) Zone (0–5 km) Zone (6–10 km) Zone (11–15 km)

No. of samples 106 23 39 44

Minimum (Min) 0.38 0.80 1.15 0.38

Maximum (Max) 79.70 18.60 79.70 61.12

Range 79.32 17.80 78.55 60.74

Arithmetic mean (AM) 15.65 4.45 18.55 18.93

Standard deviation (SD) 14.51 3.94 15.21 14.70

Geometric mean (GM) 9.83 3.41 13.89 12.60

Geometric standard deviation (GSD) 2.9 2.06 2.26 2.92

Median 10.89 3.20 13.92 15.74

25th percentile 4.60 2.26 8.70 6.23

75th percentile 22.88 4.90 23.53 28.68

Quartile range 18.28 2.64 14.83 22.45

Skewness 1.65 2.45 2.17 0.88

Kurtosis 3.47 7.11 6.22 0.28

Confind. -95 % 12.85 2.75 13.62 14.46

Confind. ?95 % 18.44 6.15 23.48 23.40
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this may be attributed to presence of many small hills within

this area and the region is at higher altitude as compared to

other two zones. Therefore, intensity of weathering and

percolation of rain water was assumed to be less within the

5 km area and this may be a reason to observe less U con-

centration in water samples in the zone 1. Further water

samples collected beyond 5 km radius (Zone 2 and Zone 3)

showed U concentration slightly in the higher range. Fre-

quency distribution of overall measured U concentration was

studied and is presented in Fig. 3. Of the samples, 60 % were

observed to be lower than the 2004 WHO’s guideline of

15 lg l-1 [21] and more than 85 % of the water samples

showed U concentration lower than the USEPA and current

WHO recommended drinking water guideline value of

30 lg l-1 [22, 23]. However, if we compare with the Indian

regulatory limit of 60 lg l-1 as prescribed by Atomic

Energy Regulatory Board [24], almost all samples showed U

concentration below of this limit.

The first quartile, median and third quartile of the data

were found to be 4.60, 10.89 and 22.88 lg l-1, respec-

tively and all are within the current WHO recommended

limit. Therefore, the available groundwater samples within

the study region are assumed to be suitable for drinking

purposes.

Comparison of U concentration with worldwide

values

The values of U concentration observed in water samples in

the present study were compared with other worldwide

studies (Table 2). Uranium content in groundwater shows a

wide variation in India and throughout the world. Variation

in uranium concentration mainly depends on the geology of

the area and other meteorological parameters. Sahoo et al.,

has been reported U concentration in the range of

0.1–19.6 lg l-1 in the drinking water samples collected

from Orissa, Andhra Pradesh, Maharashtra, Madhya Pra-

desh, Kerala etc. [13], U concentration around uranium

mining and processing facility of the Jaduguda, Jharkhand

has been reported in the range of 0.5–28 lg l-1 [15] and

around Narwapahar U mine in Jharkhand it has been in the

range of 0.1–3.75 lg l-1 [14]. Further around the proposed

U mining sites located at Lambapur and Pedagattu in the

Nalgonda district of Andhra Pradesh, it has been reported in

the range of 0.2–77.4 lg l-1 [18]. In Tiruvantapuram district

of Kerla, U concentration has been reported in the range of

0.31–4.92 lg l-1 [25]. All of these areas showed uranium

concentration in the lower range and most of them well

below the WHO prescribed drinking water limits of intake of

30 lg l-1 and have been found to comparable with the

results of the present study. However some higher values of

U concentration have been reported in the Kolar district of

Karnataka (0.3–1442.9 lg l-1) [17] and Bhatinda, Mansa,

Faridakot and firojapur of Punjab (\2–644 lg l-1) [16].

Further the studies conducted in other countries like

Switzerland (0.05–92.02 lg l-1) [26], France

(0.37–75.3 lg l-1) and Germany (0.03–48.6 lg l-1) [6] and

central Portugal (0.1–2.7 lg l-1) [27] have been reported U

concentration in the lower range and also found to be com-

parable to the present study. However some higher values of

U concentration were recorded in Kosovo in the range of

0.012–166 lg l-1 [28], in Korea in the range of

0.02–402.3 lg l-1 [29] and in Finland in the range of

0.02–6000 lg l-1 [6].

Assessment of annual effective dose

Natural occurring U having three isotopes, such as 238U,
235U and 234U, all these radionuclides decay via alpha

emission. To estimate the ingestion dose it has been

assumed that the peoples in the study area use only the

groundwater sources for drinking purposes and annual

ingestion dose due to intake of U through the drinking

water pathway to the adults was calculated by using

ingestion dose coefficient for different isotopes of U as

recommended by ICRP publication [30] and they are

reported to be 4.5 9 10-8 Sv Bq-1 for 238U, 4.7 9 10-8

Sv Bq-1 for 235U and 4.9 9 10-8 Sv Bq-1 for 234U,

respectively. Here, average daily water of intake (DWI) of

4.05 l day-1 has been assumed for Indian adults for dose

calculation [31]. The annual ingestion dose due to intake of

only U through drinking water pathways was calculated by

using the following relation [14].

D Sv year�1
� �

¼ 365 � DWI � DCF � C; ð2Þ

where D is the annual effective ingestion dose (Sv year-1),

C is the mean concentration of a particular radionuclide in

the water (Bq l-1), DWI is the daily water of intake by the

adults (l day-1) and DCF is the dose conversion factor for

a particular radionuclide for the adults (Sv Bq-1).
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In this study individual concentration 234U, 235U and
238U was estimated by multiplying the mean concentration

of U with their specific activity and relative abundance in

nature, respectively (Table 3). Further ingestion dose was

estimated based on individual isotopic concentration by

using Eq. (2) and total dose due to natural U through intake

of water to the adults was estimated by adding doses cal-

culated from individual isotopes. Taking the geometric

mean of the measured U concentration, the annual effective

dose due to intake of only U through drinking water path-

way to the member of the public was estimated to be

16.75 l Sv year-1, which is found to be well below the

recommended dose limits of 100 l Sv year-1 as per WHO

[21] and it is about 5.6 % of the global average annual

ingestion dose [6]. In India, [13–15] reported mean annual

ingestion doses in the different parts of the country are 3.5,

0.99 and 2 l Sv year-1, respectively which are slightly less

in comparison to the present study.

Assessment of radiological and chemical toxicity risk

In this study two types of risk of U were evaluated as

human health effects due to exposure of U can be classified

as radiological risk by radiation of U isotopes and chemical

risk as a heavy metal. The radiological risk was evaluated

according to the USEPA standard method [22] and the

excess life time cancer risk was evaluated by the following

equation.

Excess life time cancer risk ELCRð Þ
¼ C�CF � RC � DWI � LE;

ð3Þ

where C is the U concentration (lg l-1), CF is the mass to

activity conversion factor (0.025 Bq lg-1), RC is the risk

coefficient (1.19 9 10-9 Bq-1), DWI is daily water of

intake (4.05 l day-1), LE is the average life expectancy

(23,250 days).

For Indian reference man, 4.05 l day-1 is considered as

DWI [31] and 63.7 years is taken as average life expec-

tancy for both male and female and 23,250 days is

the average time for the Indians [32]. Statistical analysis

data on radiological risk is presented in Table 4. The

excess life time cancer risk was found to vary from

1.07 9 10-6 to 2.23 9 10-4 with a geometric mean of

4.38 9 10-5, which is found to be lower than the maxi-

mum acceptable value of 1.6 9 10-4 [24].

Further the chemical toxicity risk as life time average

daily dose (LADD) and hazard quotient (HQ) were esti-

mated with the help of Eq. (4) and (5) [2, 22, 33] and

was compared with the reference dose (RfD) of

4.48 lg kg-1 day-1 which has been calculated on the basis

of the maximum acceptable level of U (60 lg l-1) in

drinking water [24]. 350 days has been assumed as the

Table 2 Comparison of U

concentrations of the present

study with other parts of India

and worldwide value in drinking

water samples

Sl. no. Country Range of U (lg l-1) References

1 Switzerland 0.05–92.02 Stalder et al. [26]

2 France 0.37–75.3 UNSCEAR [6]

3 Germany 0.03–48.6 UNSCEAR [6]

4 Finland 0.02–6000 UNSCEAR [6]

5 India 0.1–19.6 Sahoo et al. [13]

6 Jaduguda, india 0.5–28 Sethy et al. [15]

7 Narwapahar, India 0.10–3.75 Rana, et. at. [14]

8 Kerala, India 0.31–4.92 Byju et al. [25]

9 India 0.3–1442.9 Babu et al. [17]

10 Punjab. India \2–644 Kumar et al. [16]

11 Andhra Pradesh, India 0.2–77.4 Brinda et al. [18]

12 Korea 0.02–402.3 Kim et al. [29]

13 Central Portugal 0.1–2.7 Pereira and Neves [27]

14 Kosovo 0.012–166 Berisha et al. [28]

15 India 0.38–79.7 Present study

Table 3 Natural isotopic

abundance and individual

specific activity [14]

Isotopes of natural U Half-life (year) Specific activity (Bq mg-1) Mass abundance (%)

238U 4.47 9 109 12.45 99.27
235U 7.04 9 108 80.09 0.72
234U 2.44 9 105 232.1 9 103 0.005
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exposure frequency [34] and 51.5 ± 8.5 kg is considered

as the average body weight for Indians [35].

LADD ðlg kg�1 day�1Þ ¼ ðC � DWI � EF � LEÞ=
ðBW � ATÞ

ð4Þ

HQ ¼ LADD=RfD ð5Þ

where, C is the U concentration (lg l-1), DWI is daily

water of intake (l day-1), EF is the exposure frequency

(day-1), LE is the average life expectancy (years), AT is

the average time (23,250 days), BW is the body weight

(kg), RfD is the reference dose (lg kg-1 day-1), LADD is

the lifetime average daily dose (lg kg-1 day-1), HQ is the

hazard quotient.

Statistical analysis data on chemical toxicity risk as

LADD and hazard quotient are presented in Table 4. The

chemical toxicity risk was found to vary from 0.03 to 6.01

with a geometric mean of 0.74, which is observed to be lower

than the Indian reference dose of 4.48 lg kg-1 day-1. The

mean lifetime average daily dose of the present study was

found to be about 16.5 % of the Indian reference dose. The

hazard quotient was found to vary from 0.01 to 1.34 with a

geometric mean of 0.17. The mean hazard quotient of this

study is also found to be less than unity for the study area.

Conclusions

• In the study region U concentration in 106 water

samples has been found to vary between 0.38 and

79.70 lg l-1 with a geometric mean of 9.83 lg l-1.

Data analysis revealed about 15 % of the samples have

U concentration higher than the WHO, 2011 recom-

mended guideline value of 30 lg l-1 [23] and almost

all samples have U concentration well within the pre-

scribed limit of 60 lg l-1 as given by AERB, DAE,

India, 2004.

• A marginal higher U content in groundwater samples

has been observed in the study region than the natural

background areas and this may be attributed to regional

geology of the rock formation and U mineralisation of

the area.

• The estimated annual ingestion dose due to intake of U

through drinking water to the local population has been

observed to be low and mean dose has been estimated

to be 16.75 l Sv year-1, which is well below the

recommended dose limit of 100 l Sv year-1 as pre-

scribed by WHO [21].

• The hazard quotient, radiological and chemical toxicity

risks were observed to be well below recommended

limit. The groundwater in the study region has been

assumed to be suitable for consumption from radiolog-

ical and chemical toxicity aspects of U.

• This study gives a brief background radiological status

about uranium in groundwater around the Tummala-

palle uranium mining and processing site and in future

all other raionuclides can also be studied in ground

water around the site.
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