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ABSTRACT

(Manuscript received 14 August 2010, accepted 31 October 2010)

Radionuclides find their way into the water resources at sites in the vicinity of nuclear
facilities involved in mining, milling, ore separation, purification, etc. The presented
study delineates the distribution of radionuclides {Ra and U(nat)} in groundwaters
existing in the vicinity of two proposed uranium mine sites and evaluates their
ingestion dose through the intake of drinking water. The study reveals that the U(nat)
concentration in groundwater varied from <0.5 to 11.2 pg.l'1 in the Bagjata mining
area and from <0.5 to 27.5 p,lg.l'1 in the Banduhurang mining area, while 226Ra was
found in the range of < 3.5 to 206 mBq.l'1 and <3.5 to 82 mBq.l'l, respectively, for
both areas. Seasonal variation and distribution of radionuclides in the study area did
not show any definite pattern. A strong positive correlation of U(nat) in groundwater
with pH and negative correlation of 226Ra with pH s shown in the study. The ingestion
dose to the public through intake of drinking water is estimated as 9.43 p.lSv.y'1 for
Bagjata and 6.28 pSv.y™! for Banduhurang, which is much lower than the reference
limit (100 pSv.y™) given by the WHO.
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RESUME

Evaluation des radionucléides dans les eaux souterraines autour de sites proposés de
mines d’uranium a Bagjata et Banduhurang, Jharkhand (Inde).

Les radionucléides aboutissent dans les ressources aquatiques au voisinage des
installations nucléaires impliquées dans I’exploitation miniére, le broyage, la
séparation du minerai, la purification, etc. L’étude présentée détaille la distribution
des radionucléides (Ra et U naturel) dans les eaux souterraines se trouvant a
proximité de 2 sites proposés de mines d’uranium et évalue la dose ingérée par
I’absorption d’eau de boisson. L’étude révele que la concentration en U naturel dans
les eaux souterraines variaient de 0,5 2 11,2 ug.I"! dans la zone miniére de Bagjata et
de 0,5 2 27,5 pgI'! dans la zone miniére de Banduhurang alors que le 226Ra variait
respectivement de 3,5 a 206 mBq.l'1 et de 3,5 a 82 mBq.l'l. La variation saisonniére
et la distribution des radionucléides dans les zones étudiées n’ont pas montré de
tendance définie. Une forte corrélation positive entre U naturel et pH et une
corrélation négative entre 2*Ra et pH dans les eaux souterraines sont décrites dans
cette étude. La dose ingérée par le public via I’absorption d’eau de boisson est
estimée a 9,43 pSv.:am'1 pour Bagjata et 2 6,28 pSv.an'1 pour Banduhurang, doses qui
sont bien inférieures a la limite de référence (100 pSv.an'l) donnée par ’OMS.
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1. Introduction

Environmental radiation originates from a number of naturally occurring and
human-made sources. Radioactive materials occur naturally everywhere in the
environment (e.g., uranium, thorium and 4OK). Some sources (e.g., uranium) can
be concentrated during extraction by mining and other industrial activities (WHO,
2004). These can be hazardous to living tissues when they are inside an organism
where radiation released can be immediately absorbed. They may also be
hazardous when they are outside the organism but close enough for some radiation
to be absorbed by the tissue. Therefore, it is important to know how radionuclides
move through the environment and into the human body. When the pathways
followed by radionuclides are known, it is possible to take remedial measures to
block or avoid those pathways. Radionuclides may enter the human body by
inhalation, ingestion of food and water or through the skin (Fentiman et al.,
2004).

Enhanced levels of uranium and its daughter products might be present in water
in areas that are rich in natural radioactivity. As groundwater moves through
fractures in the bedrock that contain these deposits, radioactive minerals can leach
out into the groundwater system (Firestone et al., 1996). Radionuclides find their
way into the water resources at sites in the vicinity of nuclear facilities involved in
mining, milling, ore separation, purification, etc. Among the radionuclides,
uranium isotopes (338U, 24U and 2°U) have comparatively less radiotoxicity
(WHO, 1978; Malcome-Lawes, 1979). However, several radionuclides in the
radioactive decay chain starting from 2380 and 23U are highly radiotoxic. The
most radiotoxic among them is radium, which is a known carcinogen and exists in
several isotopic forms. The predominant radium isotope in groundwater is 226Ra,
an alpha emitter with a half-life of 1 600 years (Iyengar, 1990; Marovic et al.,
1996; Sidhu and Breithart, 1998). Radiation interactions with human organisms
produce ionization, which triggers morphological and functional changes,
consequently damaging normal behavior of cells, organs and tissues, leading to
malfunction of the organ system, development of cancer and increase in mortality
rate (UNSCEAR, 2000; USEPA, 1976; Wrenn et al., 1985). Correia et al. (1987)
stated that the number of fatal cancers due to 2>’Rn, a daughter of 226Ra, ingested
from drinking water may equal the fatal lung cancers due to the inhalation of
indoor Rn. Considering high radiotoxicity and the associated health risks, the
United States Environmental Protection Agency (USEPA) has stipulated its
regulatory standards as 30 ug.l'1 for U (nat) and 185 mBq.l'1 for 22°Ra in drinking
water. The WHO has given the standards as 15 ug.l'l for U (nat) and 1 Bq.l'1 for
22°Ra in drinking water.
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Low-grade (0.03%) uranium deposits are found in the Singhbhum region of
Jharkhand. Following this discovery, mining and processing of uranium ore has
been started in several parts of eastern Singhbhum (Jaduguda, Bhatin and
Narwapahar). However, with increasing requirements for nuclear energy, by 2020,
new sites of mining have been proposed to be excavated for uranium. Two of the
proposed new sites in Singhbhum are in Bagjata (underground) and Banduhurang
(open-cast). Mining in Bagjata and Banduhurang may affect the pre-existing
environmental status of the area. Thus, it is imperative to establish baseline data
on the quality of water available in the study area and the dose to the public due to
the radioactivity in water so that after mining the effects can be assessed. As a part
of the study, the concentration of radionuclides was determined in the groundwater
of the Bagjata and Banduhurang mining areas.

2. Materials and methods

2.1. Description of the study area

Located in Jharkhand, the Singhbhum Thrust Belt is an East-West-trending, 160-
km-long belt known for Cu-apatite-magnetite and kyanite deposits. Studies of
mineral paragenesis indicate that mineralization along the thrust belt took place
over a long period, the minerals being deposited in two stages, the first to form
being apatite and magnetite, closely followed by uranium mineralization, with the
sulfides, including chalcopyrites, being the last to be deposited. Uranium-copper
mineralization coexists in the area; however, depending upon the viability, Cu or
U is mined and processed. The Bagjata mining area is situated in the Bhalki-
Kanyaluka deposit, while the Banduhurang is in the Keoradungri deposit (Bhola
et al., 1964).

The Bagjata mining area is situated at a latitude of 22°26°07”N to 22°28°34”N
and longitude of 86°25’16”E to 86°31°29”E in the Dalbhum subdivision of
Singhbhum district in Jharkhand State. It is an underground uranium mine. The
Banduhurang mining area is situated 5 km South of Tatanagar railway station at a
longitude of 86°09°45”E to 86°11°’30”E and a latitude of 22°43’45”N to
22°43°15”N. The proposed mining site is an open-cast uranium deposit. Near the
site there are underground uranium deposits in Turamdih and Mohuldih. Both the
sites are well connected with the railway stations Ghatsila and Tatanagar. There
are several small villages surrounding the mining sites. Groundwater is the main
source of drinking water in the villages of the area. The location of the study area
is shown in Figure 1.
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POLITICAL MAP OF INDIA

JHARKHAND

Banduhurang Mining Area

Bagjata Mining Area

Figure 1 - Location map of the study areas.
Carte localisant les zones étudiées.

2.2. Sample collection and preservation

Grab samples of groundwater were collected in pre-conditioned plastic cans from
10 locations surrounding the mine sites. The data is of composite samples of
triplicate samples collected from each location. The samples were collected
approximately at an interval of one week in a particular month. Samples were
filtered immediately after collection and preserved by acidification with conc.
HNOj;. After the collection of triplicate samples, they were composited and further
analysis was done.
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Samples were collected during the months of June 2006, September 2006,
January 2007 and May 2007. May and June were treated separately because May
represents the peak summer season where most of the surface water sources dry
out. June represents the onset of the monsoon and the initial precipitation may lead
to the change in profile found during the summer. September symbolizes the peak
monsoon, while January represents the winter season.

2.3. Analytical methods

Water samples (2 1) were evaporated to about 100 ml, loaded in a radon bubbler
and the in-built radon was removed by evacuation. Samples were then retained in
the emanometric set for 15 days for the fresh buildup of radon. Freshly built-up
radon was transferred into a scintillation cell, left for 200 minutes and alpha
emissions were counted in an alpha counter (after radon and progeny equilibrium
was established). Finally, using the net counts, buildup period, counting duration,
sampling parameters, and % of equilibrium reached, 226Ra activity were evaluated
(Raghavayya et al., 1980).

For U(nat) analysis, samples were evaporated with conc. H,SOy, refluxed in
0.25N H,SO, and extracted using 2% Alamine in Benzene (Burcik and Mikulaj
1991; Rout et al., 1994; Mackenzie, 1997). From the organic layer 0.1 ml was
transferred to a platinum planchet, fused and U(nat) was evaluated by the
fluorometric method (Kolthoff and Elving, 1962).

2.4. Quality control

As a part of the quality control, spike recovery for matrix elimination was also
carried out for the samples. The recovery of U(nat) and 226Ra was found to be 92%
and 93%, respectively. The results are provided in Table I. Four Certified
Reference Materials supplied from BAS, U.K., were analyzed for their uranium
content. The results are presented in Table II.

TABLE I
Recovery analysis of radionuclides.
Taux de récupération des radionucléides.

S. No Radionuclide Activity of water/ml Predicted Actual Activity % Recovery
of Aliquot (Bq) Activity
1 U(nat) 0.024 0.0108 0.0099 92
2 226Ra 0.0006 0.0064 0.00594 93
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TABLE 11
Analysis of Certified Reference Material for uranium U(nat): pg.g'l.
Concentration en ;1g.g'1 de ’uranium naturel dans les matériaux de référence certifiés.

Certified Reference Material IBARC Mumbai 2HPU Jadugoda BAS Certified
Concentration
TILL-1(Soil) 1.95 1.89 22
TILL-3(Soil) 1.87 1.80 2.1
STSD-1 (Stream Sediment) 7.95 8.16 8.0
LKSD-1(Lake Sediment) 9.20 9.30 9.7

! Bhabha Atomic Research Centre. 2 Health Physics Unit.

TABLE III

Concentration range of radionuclides and pH in the groundwater of the Bagjata mining area
(the data range corresponds to the seasonal variation from June 2006 to May 2007).
Domaines des concentrations des radionucléides et de pH dans les eaux souterraines de la zone
miniére de Bagjata (I’éventail des données correspond a la variation saisonniére de juin 2006

a mai 2007).
S. No Location Range

U(nat) in pgI! 226Ra in mBq.I"! pH
1 Bagjata <0.5-7.8 7.5-206 6.4-7.0
2 Manajhari <0.5-3.8 <3.5-25 6.6-7.1
3 Balidungri <0.5-3.5 <3.5-44 6.5-7.1
4 Bakra 1.4-3.7 <3.5-7.2 6.9-7.2
5 Nimdih <0.5-5.1 7.9-20.1 6.7-6.9
6 Gohala 7.4-11.2 <3.5-7.0 7.3-7.5
7 Phuljhari <0.5-5.0 <35 7.0-7.3
8 Bhaduya 1.2-10.1 5.2-12.6 6.9-7.2
9 Mosabani 1.5-34 <3.5-6.5 7.0-7.2
10 Katsakra 3.4-49 <35 7.2-7.3

3. Results and discussion

3.1. Concentration range of radionuclides in the study area

The concentration range of the radionuclides in the groundwater of the Bagjata
mining area is given in Table III. It can be seen from the table that the overall
concentration range of uranium, considering all the seasons, varied from
<0.5 ug.l'1 to 11.2 ug.l‘l, whereas 2?°Ra was found in the range of <3.5 to
206 mBq.l'l. The detection limit for U(nat) was 0.5 ug.l'l, while for 22°Ra it was
35 mBq.l‘l. The highest concentration ranges of uranium (7.14—11.2 ug.l‘l) and
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radium (7.5-206 mBq.l'l) were detected in Gohala and Bagjata villages,
respectively. The higher concentration of radium detected in the Bagjata village
may be attributed to its proximity to the mine site. Many authors (Iyengar, 1990;
Paschoa et al., 1979; Benes, 1990) have also reported high values of radionuclide
concentration close to uranium mining and milling sites. Gohala village is between
the Sankhnalla river and Subernarekha river, thus it may be affected by the aquifer
properties of both the rivers. Groundwater and surface water are not isolated
components of the hydrologic system, but instead interact in a variety of
physiographic and climatic landscapes. Thus, development or contamination of
one commonly affects the other (Sophocleous, 2002; Brunke and Gonser, 1997).
Organic and toxic contamination in surface water can be transferred to the
groundwater (Schwarzenbach et al., 1983; Santschi et al., 1987; Whittemore et al.,
2000). The Subernarekha flows close to the Cu-processing industries and is
affected by the Cu-treated effluents rich in radioactivity. Thus, high radioactivity
can be expected in the location.

Comparison of the concentration range of U(nat) and 22Ra in groundwater
with the USEPA standards shows that these radionuclide concentration ranges are
within the prescribed limits, except in the case of the Ra concentration in Bagjata
village. However, the radionuclides are within the standards given by the WHO.
The statistical analysis of the data indicated geometric mean concentrations of
U(nat) and 2%%Ra to be 3.22 ug.l'land 12.44 mBq.l'l, with geometric standard
deviations of 2.0 ug.l'1 and 2.54 mBq.l'l, respectively.

The concentration range of the radionuclides found in the groundwater of the
Banduhurang mining area is given in Table IV. It can be seen from the table that
the overall concentration range of uranium, considering all the seasons, was found
to be <0.5 ug.l'l to 27.5 ug.l'l, whereas 26Ra was found to be in the range of <3.5
to 82 mBq.l'l. The highest concentration range of U(nat) (<0.5-27.5 ].Lg.l'l) and
226Ra (7.3-82) was detected in Nandup and Babudih villages, respectively.
Babudih is in close proximity to the mine site, which may explain its high
concentration of radionuclides. Comparison of the concentration range of U(nat)
and 2*°Ra in groundwater with the USEPA standards shows that these
radionuclides lie within the limits. However, the concentration of uranium in
Nandup village exceeds the WHO standards. The statistical analysis of the data
indicated geometric mean concentrations of U(nat) and 226Ra to be 2.15 ug.l'land
9.1 mBq.l'l, with geometric standard deviation of 2.0 and 3.3, respectively. It can
be seen that the concentrations of uranium and radium in the open-cast mine, i.e.
the Banduhurang mining area, are comparatively lower than the underground
mine, i.e. the Bagjata mining area. This may be attributed to the fact that surface
mineralization of the open-cast mining area contributes less to the radionuclide

RADIOPROTECTION - VOL. 46 — N° 1 (2011) 45



S. GIRI et al.

TABLE IV
Concentration range of radionuclides and pH in the groundwater of the Banduhurang mining
area (the data range corresponds to the seasonal variation from June 2006 to May 2007).

Domaines des concentrations des radionucléides et de pH dans les eaux souterraines de la zone
miniére de Banduhurang (I’éventail des données correspond a la variation saisonniére

de juin 2006 a mai 2007).
No Location Range
U(at) in pgl?!  22°Ra in mBq.I"! pH
1 Keoradungri <0.5-1.2 4.3-8.6 6.8-7.0
2 Babudih <0.5-7.7 7.3-82 6.2-7.0
3 Nandup <0.5-27.5 <3.5-5.1 7.9-8.5
4 Matku <0.5-0.6 6.4-14.2 6.5-6.8
5 Kudada <0.5-0.8 <3.5-5.1 6.8-7.2
6 Turamdih <0.5-2.4 <3.5-9 6.8-7.2
7 Turamdih (near proposed Tailing pond) <0.5-0.9 <3.5-11.7 6.8-7.3
8 Talsa <0.5-4.3 2.7-17.8 6.6-7.0
9 Chota Talsa <0.5-3 4.1-83 6.9-7.2
10 Sundernagar <0.5-1.3 8.5-12.8 6.7-6.9

concentration of groundwater than the deep underground mining area, where the
mineralization is near the aquifers.

In both the Bagjata and Banduhurang mining areas, apart from distance from
the mine sites, other factors also appreciably result in variation in the radionuclide
concentration in the groundwater of the area. The uranium mineralization in the
Singhbhum Thrust Belt is sporadic and the depth of ore bodies also varies (Bhola
et al., 1964). Thus, high concentration of radionuclides in the locations far from
the site can also be anticipated, which is depicted in this study, in the case of
Nandup village. Another important factor determining the variation in the
radionuclide concentration in the groundwater is the pH of the water samples. The
range of pH is given in Tables III and IV along with the range of radionuclides for
the Bagjata and Banduhurang mining areas, respectively. A low pH value is the
most important water parameter linked to high radium concentration. This is
probably related to limited adsorption of radium on ferric oxides and hydroxides
in soil at low pH range (Almeida et al., 2004; Lauria et al., 2004). However, an
increase in the pH results in an increased concentration of uranium (Butler and
Kahn, 1995). The present study is also in good agreement with the above facts. The
correlation between the pH and the concentration of the radionuclides (Figs. 2 and
3) suggests a strong positive correlation between pH and U(nat) (R = 0.712), and
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Figure 2 — Regression analysis between pH and U(nat) in groundwater (n = 56).
Analyse de régression entre pH et U naturel dans les eaux souterraines (n = 56).
250 ~ y =-49.174x + 355.28
R =-0.569
200 ¢
T
[11]
£ 150
©
N
o
g 100 4
5 *
& o
50 + ° .
O T T ’\ § ‘ T ‘ \‘ T ’ T 1
5 5.5 6 6.5 7 7.5 8 8.5 9

pH

Figure 3 — Regression analysis between pH and 226Ra in groundwater (n = 57).
Analyse de régression entre pH et 226Rq dans les eaux souterraines (n = 57).

a negative correlation between pH and 226Ra (R =-0.569). This implicates a weak
correlation between uranium and radium. The Pearson statistical test also confirms
the same (Tab. V). The high concentration of radium in acidic water has also been
reported in other studies (DePaul and Szabo, 2007). However, the concentration of
uranium has a positive correlation with pH, as increase in the pH resulted in an
increased concentration of the uranium (Butler and Kahn, 1995; Hsi and
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TABLE V
Pearson Correlation Matrix for U, Ra and pH in both the study areas.
Matrice de corrélation de Pearson pour U, Ra et pH dans les 2 zones étudiées.

U Ra pH
U Pearson correlation 1.000 0.007 0.712%
N 56 40 56
Ra Pearson correlation 1.000 -0.569*
N 57 57
pH Pearson correlation 1.000
N 80

* Correlation is significant at the 0.01 level (2-tailed).

Langmuir, 1985). Approximately neutral pH and presence of minerals such as Fe
oxides increase adsorption of U4+, and thus decrease its mobility. In contrast,
more alkaline conditions and increased bicarbonate (XCO3) concentration lead to
greater desorption and mobility, especially of U6+ (Wanty et al., 1991).

22°Ra has different geochemical properties (sorption, solubility and
complexation) than its parent 238U, and their co-occurrence is not common. Thus,
weak correlations between uranium and radium have also been reported by Szabo
and Zapecza (1991). Each radioactive decay product has its own unique chemical
characteristics, solubility, mobility and half-life, that can be very different from
those of the parent. For this reason, parent and daughter radionuclides in
groundwater are not usually found together in similar amounts (Gilkeson ef al.,
1983).

3.2. Seasonal variation in the concentration levels of the radionuclides

Seasonal variations in the concentration levels of the radionuclides found in
groundwater of the Bagjata mining area are shown in Figures 4 and 5 and in the
Banduhurang mining area in Figures 6 and 7. It can be seen from the figures that
there is wide variation in concentration of radionuclides, and hence no definite
trend of seasonal variation could be established. Overall analysis of the data
indicates that concentrations of these radionuclides were higher in summer (May-
June) as compared with the other seasons. The geometric mean concentration of
U(nat) and 226Ra in the Bagjata mining area was found to be maximum, i.e.,
4.39 ug.l'1 and 22.22 mBq.l'1 in the months of May and June, respectively; this
supports the above observations.

In the Banduhurang mining area, the concentration of U(nat) in June, 2006
varied from <0.5 to 21.4 ug.l'l, whereas it was found to be comparatively less
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Figure 4 — Seasonal variations in U(nat) concentration in the Bagjata mining area.
Variations saisonnieres de la concentration en U naturel dans la zone miniere de Bagjata.
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Figure 5 — Seasonal variations in 226Rq concentration in the Bagjata mining area.
Variations saisonniéres de la concentration en *>Ra dans la zone miniére de Bagjata.
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Figure 6 — Seasonal variations in U(nat) concentration in the Banduhurang mining area. *Turamdih:
near proposed tailing pond.
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Figure 7 — Seasonal variations in 226Rq concentration in the Banduhurang mining area. *Turamdih:
near proposed tailing pond.
Variations saisonniéres de la concentration en **Ra dans la zone miniére de Banduhurang.
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(<0.5t0 3.0 ug.l'l) during monsoon (September, 2006). In the case of 226Ra, the
concentration range (< 3.5 to 82 mBq.l'l) was found to be higher in June, 2006
while the minimum concentration range (<3.5 to 21.5 mBq.l'l) was found in
September, 2006. Overall analysis of the data dictates that the concentrations of
these radionuclides in summer were found to be comparatively higher as compared
with other seasons. The maximum geometric mean concentration of U(nat) and
22Ra, i.e. 2.75 ug.l'1 and 10.69 mBq.l'l, respectively, found for June supports the
above observation.

Overall, the highest concentration of radionuclides was seen in the summer, i.e.
the months of June and May. However, the concentration was higher for June than
May. The lowest concentration was in general found in September, which
represents the peak monsoon. The great variation observed for the radionuclide
concentration in the water samples can possibly be explained due to the
concentration factor. During the dry season the water level is much lower than the
level observed in the rainy period, thus the concentration is higher in the dry period
(Silva et al., 2008). Higher concentrations of radionuclides during summer have
also been reported by other researchers such as Goode and Wilder (2006). The
variation between the months of June and May can be explained as May represents
the peak summer season where most of the surface water sources dry out. June
represents the onset of the monsoon just after the summer and the initial
precipitation may lead to the change in the concentration profile found during the
summer. The high concentration during the summer may further be increased due
to initial rainfall because of leaching of the bedrock, soil and residues of the
mineralized hills. Augmentation of radionuclides due to leaching has been
reported by other authors (Gascoyne, 1989; Pulhani et al, 2007). Further
precipitation during the peak monsoon will dilute the source and a significant
decrease is anticipated during September. Lower concentration of radionuclides in
the rainy season, which could be due to dilution, has also been reported in other
studies (Lydie and Nemba, 2008).

Radionuclides are ubiquitous and present in almost all the sections of the
environment with wide variation. The levels of uranium in drinking water show
wide variation among various regions. Tables VI and VII give the worldwide
reported concentration range of uranium and radium in groundwater by various
researchers. It can be seen from the tables that the concentrations of uranium and
radium reported in the present investigation lie within the USEPA standards and
are in good concurrence with the concentration range reported by other researchers
as given in Tables VI and VII.
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TABLE VI
Worldwide reported concentration range of uranium in water.
Domaine des concentrations d’uranium dans I’eau enregistrées dans le monde.

S. No. Location U(nat), pg/l Reference

1 Japan 1.07-344 Shiraishi et al. (1992)

2 Jordan 0.04-1400 Smith et al. (2000)

3 Kuwait 0.02-2.48 Bou-Rabee (1995)

4 United States 0.01-652 Cothern and Lappenbusch (1983)

5 South Greenland 0.5-1.0 Brown et al. (1983)

6 Turkey 0.24-17.65 Kumru (1995)

7 Aligarh, India 0.67-471.3 Bansal et al. (1988)

8 Anmritsar, India 2.0-98.3 Rani and Singh (2006)

9 Shimla, India 0.33-3.24 Rani and Singh, (2006)

10 Karnataka, India 0.15-47 Mabhesh et al. (2002)

11 Jadugoda, India 2-6 Tripathi et al. (2007)

12 Bagjata, India <0.5-11.2 Present study

13 Banduhurang, India <0.5-27.5 Present study
TABLE VII

Worldwide reported concentration range of radium in water.
Domaine des concentrations du radium dans I’eau enregistrées dans le monde.

S. No. Location 226 Ra, mBgq/l Reference

1 China 1.11-939.8 Weihai er al. (2001)

2 Finland 109.9 (Mean) Salonen (1988)

3 Denmark 551.3 (Mean) Ulback and Klinder (1984)
4 Tunisia 34.04 Labidi e al. (2002)

5 Egypt 79.2 (Mean) Nour Khalifa (2004)

6 Germany 2.96-22.2 Hoffmann et al. (1993)

7 New Jersey, U.S <18.5-643.8 US Geological Survey (2004)
8 Finland 10-1000 Vesterbacka et al. (2006)

9 Rio de Janeiro 2-492 Almeida et al. (2004)

10 Bagjata, India <3.5-206 Present study

11 Banduhurang, India <3.5-82 Present study

3.3. Ingestion dose of radionuclides through the intake of groundwater

In order to assess the impacts of these radionuclides on human health due to oral
ingestion of drinking water, the annual effective ingestion dose estimation is
essential. The WHO (1993) has given a reference ingestion dose level of
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TABLE VIII
Radiological properties of natural uranium (Kaye and Laby, 1993).
Propriétés radiologiques de ’'uranium naturel (Kaye et Laby, 1993).

Isotopes Specific activity/mg Mass fraction Specific activity/mg of U(nat)
24y 231000 Bq 0.00534 12.3Bq
25y 80 Bq 0.72 0.6 Bq
28y 12.4 Bq 99.2745 12.3Bq
Total 25.2Bq

100 pSV.y'1 for individual radionuclides, which is calculated for an adult using
ICRP (1996) and WHO guidelines. In order to calculate the ingestion dose of these
radionuclides, ingestion dose coefficients of 0.048 MSV.Bq‘l for Type F
compounds of natural uranium and 0.28 uSv.Bq'1 for radium (ICRP, 1994; ICRP,
1996) have been considered. For ingestion, ICRP (1996) and IAEA (1989) have
recommended dose coefficients, or dose per unit intake, expressed as Sv/Bq for all
the isotopes of uranium. For this purpose, the model of the gastrointestinal tract is
coupled to the systemic model for uranium (ICRP, 1995). The annual effective
doses due to ingestion of these waters have been estimated using the average water
consumption of 1.48 m3.y'1 by an Indian adult (Dang et al., 1994) and annual
geometric mean concentrations or the median of the radionuclides based on the
distribution of the data.

In the Bagjata mining area, for U(nat) based on the Jarque-Bera test, which is
a symmetric test for normality, the distribution was found to be lognormal (k& = 0,
p =0.36,j=2.05, c =5.9). The histogram for U(nat) for the Bagjata mining area
also shows the distribution to be lognormal. Thus, the geometric mean was used
for the dose calculation. In the case of 226Ra, based on the Notch box plot, four
data were found to be outliers and since 35% of the data were below the detection
limit, the dose was calculated based on the median. Considering the annual
geometric mean concentration of U(nat) of 81.1 Bq.m'3 and median concentration
of 2%%Ra (8.85 Bq.m'3), the ingestion dose of these radionuclides for the Bagjata
mining area is 9.43 pSV.y‘l, having a contribution of 5.76 ]JSV.y_l from uranium
and 3.67 uSv.y'1 from radium. The specific activity of U(nat) is 25.2 Bg/mg as
explained in Table VIII. Thus, 3.22 pgl'1 of U(nat) is equivalent to 81.1 mBq.l'1 or
81.1 Bq.m™.

In the case of the Banduhurang mining area, for U(nat), since more than 45%
of the data were below the detection limit, it was not suitable to ascertain the
distribution, and the median value (35.3 Bq.m'3) was taken for dose calculation.
For 2?°Ra, based on the lognormal probability plot, the data can be approximated
by lognormal distribution with median = 8.5 and geomean = 9.1 (approximately
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the same). So the geometric mean (9.1 Bq.m'3) was used for the dose calculation.
The ingestion dose was found to be 6.28 LLSV.y-l, having a contribution of
2.51 uSv.y'1 from uranium and 3.77 uSv.y'1 from radium. It can be inferred from
the study that the estimated doses reflect the natural background dose via the route
of ingestion, which is much lower than the reference limit prescribed by the WHO
(1993).

4. Conclusions

The concentration range of U(nat) in the Banduhurang mining area (<0.5 ug.l'l
to 27.5 ug.l']) was found to be higher than that in the Bagjata mining area
(<0.5 ug.l'l to 11.2 ug.l'l), while in the case of 2*°Ra, the concentrations were
lower in the Banduhurang mining area (<3.5 to 82 mBq.l'l) as compared with the
Bagjata mining area (<3.5 to 206 mBq.l‘l). The concentration range of
radionuclides in both study areas depicts the natural background concentrations
and lies well within the USEPA limits except for the 226Ra concentration
(206 mBq.l'l) in Bagjata village of the Bagjata mining area. Sporadic
mineralization resulted in uneven spatial distribution of the radionuclides.
Seasonal variation and distribution of radionuclides also did not show any definite
trend. However, an extent of dilution can be observed in the monsoon season. A
strong correlation of the radionuclides with pH was also depicted in the study. The
ingestion dose to the public through intake of drinking water was found to be
9.43 uSv.y'1 and 6.28 uSv.y'l for the Bagjata and Banduhurang mining areas,
respectively, which lie well within the reference dose given by the WHO.
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