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ABSTRACT

Uranium and radon gas concentrations in ground watere determined for six locations in Aucashay cising
CR-39 track detector. For uranium concentratiossion fragments track technique was used, the aucéaction
of nuclear fission fragments obtained by the bordbent of U with thermal neutrons from (Am-Be) neutron
source with flux (5000n.cfrs™). For radon concentration, the natural exposurettmoe using the sealed cup
technique, the concentration values were calculdigda comparison with standard samples. The resfltthe
measurements show that the uranium concentratiovaier samples various from 8.840.12 to 12.63+0.d@with
an average 10.23#1.3ug/l. For radon concentratiamground water various from 8.02 +0.14 to 11.7k6 kBqr#
with an average 9.35+1.24 kBdinand the annual effective dose from ingestiomgaith) various from 0.84 to 1.23
mSvly, from inhalation (lung) various from 2.25t@8 mSv/y and for whole body various from 3.09.54 mSvly.
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INTRODUCTION

Uranium is a naturally occurring element in groumdter in some portions of connecticut. Uranium gate

drinking water when groundwater dissolves minetia¢ég contain uranium[1]. The amount of uranium iellwvater
will vary depending upon its concentration in bexkd_evels of naturally occurring radiation in wasge not likely
to be high in shallow wells. The potential exists fleep bedrock wells in Connecticut to have unanialthough
most will be very low. High levels of uranium indie the potential for radon and radium also to f@sent. The
uranium concentration in ground water dependstbnlbgy and other geological conditions of the oegand also
contamination from human activities such as theafgghosphate fertilizers, mining, and combustimmf coal or
other fuels. The natural weathering of rocks sushgeanite dissolves the natural uranium, which gioes

groundwater by leaching and precipitation calléaniination process [2]. Nuclides of uranium emijple rays of
high ionization power and therefore it may be hdaas if inhaled or ingested[3]. Radon in groundwateuld be
derived from two different sources radioactive dectdissolved radium and direct release from themniwm and
thorium decay series[4].

Two major sources of radioactive elements in weaer be distinguished:

1- Infiltration of the naturally occurring radionucédn the uranium and thorium decay series in raeeidsoils.
2- Contamination of the natural environment resulfirgn man-made sources of radiation and radioaatiastes
which are released to the environment.

According to the Environmental Protection Agenaynking uranium-rich water over many years may egkisney
damage and increase the chances of getting carmmause of non-biodegradable natures of uraniuntig]. T
provisional guideline value for tolerable dailyake of uranium for drinking water is 3@/1[6].
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The EPA has estimated that the additional lifetitak associated with drinking water that contaifg§/l, the MCL

for uranium, is about 1 in 10,000. This increassd should be viewed in the context of current earstatistics.
Consuming drinking water containing uranium at MEL permitted under the Safe Drinking Water Act htig
increase the number of deaths in the 10,000 indalfso exposed by one. The greatest risk fromnraddrinking

water is from the radon that escapes to the indopf].

The aim of this work is to determine the radon amghium concentrations in ground water used fankiing and
other purposes by SSNTD technology in order toreste the corresponding radiation dose receiveddmples
lived in Aucashat city and to assess the contriimutiom radon in water to the total environmengalan level.

MATERIALSAND METHODS

Samples of ground water from western sector of dbentry was taken and from chosen sites of Aucashat
(phosphate mines), (phosphate state Establishmi&ng).well water samples obtained from different tbepell
(water-bearing levels), i.e. shallow well (well depnder 10 m) water, middle well (well depth 10-+8Pwater and
deep well water.

Fission track registration technique was usedHterassessment of uranium concentration level igtbend water
samples. A known volume of water samples and stdnstzlution few drops (~ 2 drops) was dropped ©R-39
track detector, water droplets are allowed to evatgoon the detectors in dust free environmentatally room
temperature, this leaves a thin residue of nontieleonstituents, the detector was then cover¢l assecond piece
of the detector on both sides and were put in te & paraffin wax at a distance of 5 cm from Am—B=itron
source with thermal flounce (3.0249Xh@m?), to registration fission tracks to the detectdre to**U(n, f)
reaction as shown in Fig 1., after irradiation, @RR-39 detectors were etched in 6.25 N NaOH at &satpre of
60°C for 6 h, the detectors were then rinsed in distiwater and then dried. The developed fissiookiavere
scanned using an optical microscope at a magridicatf 400X.

Beam of thermal neutrons

UL ™

CR-39 track «—
detector <+-—

Fig 1: Schematic representation of the Neutron Induced Fission Technique used for uranium determination in ground water .

The natural exposure method using the sealed ahpitpue was used for radon estimation as showrngia. F0.25
litter) of each sample and standard samples of mafteknown concentration prepared from Uranium Abet
[(CH3CO0).U0,.2H,0], were put in cylindrical plastic cans, CR-39ckaletectors size (2x2) émvas put at the
ceiling of the can at a distance of (9cm) overwlager sample and closed very tightly. After two rtoof exposure
CR-39 detectors were chemically etched in 6.25 XDNaolutions at 61 for 6 h, the detectors were washed by
distilled water, and then dried, the density otksawas calculated by optical microscope at a niimgtion of
400X.
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Fig. 2: Schematic representation of the Detection setup used for the natural exposure Technique used for radon determination in ground
water
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Calculations
Uranium concentrations in the water samples weteraéned using the formula[8];

Ux = Uspx/ps Is/ Ix .Rs/ Rx

where the subscripts x and s stand for the unkrenwehthe standard, respectively; U, is the uraniontent;px and
ps are the densities of the fission tracks for thenewn and the standard samples, respectivelg, thé isotopic
abundance ratio 6f°U to 2%U; and R: is the range of fission fragments in mifcThe correction factor (Rs/RXx) is
taken to be unity. Similarly, taking (Is/Ix ) asitynthe equation becomes

Ux/Us =px/ps

Radon concentrations in the water samples wererdited using the formula[8];

Cx = Cspx/ps

where the subscripts x and s stand for the unkrenventhe standard, respectively; C, is the radotecdypx andps
are the densities of the tracks.

The relation of uranium concentration and tracksitess in standard samples are shown in Fig.3 beddlation of
radon concentration and track densities showngd#a.Fi
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Fig.3: Track density versusradon concentration in standard samples
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Fig 4: Track density ver sus uranium concentration in standard samples

RESULTSAND DISCUSSION

The results of uranium concentration in ground wateAucashat city are shown in Table 1., it mayseen that
uranium concentration in ground water varied fragt8.12 to 12.63+0.19ug/l with an average 10.23108.

The results of radon content in ground water amvshin Table 1., it can be seen that radon conaBatr varied
from 8.02 + 0.14 to 11.7+0.16 kBgirwith an average 9.35+1.24kBgmCurrently, the?”’Rn concentration in
drinking water is not regulated, but the US Envimemtal Protection Agency (EPA) has proposed a maxim
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Contaminate level (MCL) of 11BgI300pCil)[7].

The results show that higher concentration of wnanand radon/thoron was in sample (4). The reaspmaidon
concentrations could be a function of geologicaltre of the city, depth of the water, source alst difference
in the climate, due to the nature of place, whieeespecific concentration of the natural uraniurd eadium-226 in
the soil, which is said to be the reason of highcemtration especially in sample 4. The water fomnand adjacent
to uranium ore body in groundwater is naturallyteominated and unsuitable for drinking.

The radiation dose due to radon can be dividedtintoparts, namely, the dose from ingestion anddibee from
inhalation. For the ingestion part, we see thabmadnd its daughters in drinks impart a radiati@sedto the
stomach. The annual effective dose to an individt@sumer due to intake of radon from drinking wate
evaluated using the equation[9];

Dw= Cy CrwDew
Where, Oy is the annual dose (Svyyue to ingestion of radionuclide from the cangtion of water which equal
to 730 Iy*. C, is the concentration of radon in the ingested kilmp water (Bg/l). R, is the ingested dose

conversion factor for radon (Sv/Bq), The converdiactor[4], that we used for our calculation was=[14.4 uSv
kBqg* #°Rn.

The calculated annual effective dose for the stémimpresented in Table 2.

Table 1: uranium and radon concentrationsin ground water in Aucashat city

Sample Uranium Radon/Thoron
concentration pg/ll concentration kBgrh
S1 10.16+0.18 9.25+0.11
S2 9.8+0.12 8.88+0.21
S3 10.4+0.16 9.49+0.14
S4 12.63+0.19 11.7+0.16
S5 9.6+0.17 8.75+0.12
S6 8.8+0.12 8.02+0.14
average 10.23+1.3 9.35+1.24

Table 2: Annual Effective Dose (mSvy™?)

Sample| Stomach Lung Whole
(ingestion) | (inhalation) | body
S1 0.97 2.6 3.57
S2 0.93 248 341
S3 1.0 2.65 3.65
S4 1.23 3.28 4,51
S5 0.92 245 3.37
S6 0.84 2.25 3.09

Table 3: Status of ground water uranium in different countries

Country Name of the city/state Year Concentratibaranium reported
USA [10] Kleberg County, Texas 2011 160 and 771 ppb
USA [11] Grand Junction, Colorado 2010 0.11 mg/IM®.044 mg/l)
Japan [12] Malvesi conversion plant 2008  110420D
Australia [13] Queensland 2011 0.71Bq/l
India [14] KaramgarhSatran, Dhillawan,Giana 644ng/l, 463.6pg/1, 292.65u9/1

and Guddavillages of Bathinda, Punjab and 165.85.g/l respectively

India [15] Jaduguda, Jharkhand 2011 3.5-208 mBqg/l
India [3] Sirsa and Bhiwani, Haryana 2011 1944
India [16] Peddagattu and Seripalli, Andhra Pradesh2010 | 0.2-118.4 ppb
China [17] Hengyang, Hunan Province 20p8  20mg/l
China [18] Seoul Gyeonggi and Daejeon, South Kgrez004 | 322ug/l and 402.3Qug/l respectively
Pakistan [19] Muzaffarabad and Reshian 2004 0.634&/!
Bangladesh [20] Bualda, Fulbaria, Jamjami, and kapmit 2009 <0.2-14g/l

For the inhalation part, we know that the dissolvadon is a source of indoor radon, and its coutidn will
depend on the radon concentration, usage rateydiuene of the indoor environment and the air exgjgarate.
According to the UNSCEAR report[22], 1 Bghof radon in air, with an equilibrium factor of Oefhd an occupation
factor of 0.8, gives an effective dose to the Iufg28pSvyeal[4]. Assuming the ratio between the radon
concentration in air released from water to thawiter to be 1¢[4], the conversion factor from unit concentration
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of radon at equilibrium is 2.8 pSVBqG™ m®. The annual effective dose for the lung and ferwinole body received
by peoples resulting from radon concentration mugd water and drinks was shown in Table 2.

The results of the research in different countmee agreement with the results of groundwater iunanof
different countries as given in Table 3.

CONCLUSION

The uranium concentration in ground water and theual effective dose have been estimated in Autasha
using an integrating etched track detector. Theleslof uranium concentration average radon coret@ntrin
natural mineral water samples is the highest, fiati$ still below the US EPA’s proposed limit df Bq 1-I.
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