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Abstract: The study include measurements of radon concérirat water samples for a total of eleven seledtedtions
from Nineveh province. The natural exposure metisidg CR-39 track detector and the sealed cuptqubmiere chosen for
analysis of radon concentration. Radon contentdatemsamples of the study area ranges from 17.4BdAlskuf to 36.1 Bq/l
in Sad Al-Mosul with an average value 26.37 Bdllnaasured??Rn activity concentrations in water are below thedpean
Commission recommended level for radon in drinkivager of 100 Bg/l.The results of the annual effextilose ranged from
64uSvly in Talskuf to 132 pSvly in Sad Al-Mosulettotal annual effective dose in 54.54% locatiohthe studied area are
found to be within the safe limit (0.1 mSv/yearfommmended by World Health Organization and EU Cowardd 45.45%
locations are exceeding the annual effective dosie ¢f 0.1 mSv/y.
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1. Introducti whenever this water is used. In many situationshsas
. Introauction showering, washing, clothes and flushing toilets,
Radon is the heaviest gas in the natural decagssef Radon is released from the water and mixes withanair.

uranium, thorium and actiniur@®Rn (usually called radon) Thus, radon from water contributes to the totahlation risk
since it ,can decay to solid b, 24P, 2Bi, 21Po) in the " associated with radon in indoor air [5].
lung is the most important isotope for human heatthas a However a very high level of radon in drinking waban
half-life of 3.825 days and is ubiquitous in thesieonment. &S0 lead to a significant risk of the stomach and
2222n emanates from soil and rock, which is also thanm 9astrointestinal cancer [6]. _ N
source of radon in the atmosphere [1]. Knowledge of the levels of radon in each sourcéuitiog
Although radon is chemically inert and electrically "ousehold water, particular water from ground sesirés
uncharged, when resulting atoms called radon progere  Necessary to pr(_)te_ct pubI|<_: from consequences oéssive
formed, they are electrically charged and can httac®XPosure to radiations mainly from the lung can&adon

themselves to tiny dust particles in indoor air. [2] was measured in water in many parts of the worlaftiy for
Radon and its daughter products are the majorciftian ~ 2SS€SSINg the rlsl_< dl_Je to consumption of drinkiagew[7-9].

exposure and recognized as one of the health rafamh Wate_r is an indispensable natural resource on earth

mankind [3]. Approximately 71% of the earth’s surface is covereth

The earth is radioactive since its creation. Theafation ~Water- Fresh water is found as underground watdarige
and ingestion of these radio nuclides above thenjssible ~€Servoirs surrounded by rock called aquifers amdase
level becomes a health hazard. Therefore, concérheo water. It is an essential and vital component fovisal of
monitoring of these radio nuclides in the enviroiss all the living beings. There is a great demandpiare Water_
increasing at all levels, due to their harmful efég[4]. because the groundwater and surface water are yhighl

Most of radon that enters building comes direattyf soil polluted due to urbanization and mdustn_allzgt@mt of the
that in contact with beneath the basement or foimaa total amount of global water, only 2.4% is disttéxii on the

Radon is also found in ground water and will ertdiome ~ Main land, of which only a small portion can bdized as
fresh water. Ground water is the principal sourcdrmking
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water in both rural and urban parts of India. Theldy of
ground water vary with geology of the particulaeardepth
of water table, seasonal changes, composition sfotlied
salts depending upon sources of salt and surfadgeoement.
Ground water is a weak electrolyte containing waio
elements and their associated radicals in ionidlibgum.
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technique was used for radon estimation and CRr&€kt
Detectors used for the measurements of radon ctratien
in water [12]. A 100 ml water samples were pouratb i
8.5x6 cm cylindrical containers Fig.2. CR-39, 1.%chf
small pieces were fixed by double-stick tape attibgom of
container’s cover. The containers then coverededeand

The major cations determined are calcium, magnesiurfeft for 60 days to irradiate the films with alplparticles

sodium and potassium [10].

The aim of this work
concentrations in water used for drinking andofnetposes
by SSNTD technology in order to estimate the cquesing
radiation dose received by peopleslived
provinceand to assess the contribution from radamater to
the total environmental radon level.

1.1. Geology of Area

The area of the study is Nineveh province. Nineveh

province is located in northern Iraq and its cdpdity is
Mosul and the geographic coordinates of Mosul isvben
latitude 37° 1'45.51"N, longitude 42°21'40.14"E datitude
35°25'12.78"N, longitude 42°47'31.17"E, while theidt

above sea level ranges between 202m-364m. Watqrlssim

were collected from approximately all regions ohdlreh as
illustrated in Fig. 1.
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Fig c1;: Sites of study in Nenevah governorate

Fig 1. Map of Nineveh Province showing the area surveyed during the
present investigations

2. Materials and Methods

Sample collection and analysis f6fRn activity

Groundwater wells and surface water streams aretsriv
samples from eleventh different selected locatidns
northern sector at the Iraq of Nineveh sited in. Bigduring
May 2013 for analysis of radon concentration.

emitted from radon. After 90 days of irradiatio ttetectors

is to determine the radonwill be etched with NaOH solution with conditionk@urs at

60 °C. The detectors then washed many times by distille
water and dried. The numbers of tracks due to glainticles

inNinevelinteraction are counted with an optical microscopith

magnification of 400X.The track densipyis proportional to
the radon activity concentratidx,.
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Fig 2. The cylindrical plastic containers used for the natural exposure
Technique used for radon determination in water.

3. Calculations

Radon concentrations
Radon concentrations in the water
determined using the formula [13];

samples were

CRn,)(: CRnc- (px/ pc)

where the subscripts x and ¢ stand for the unknama the
standard, respectively;gg is the radon contentix andpc
are the densities of the tracks for unknown anddsted.

The relation of uranium concentration and tracksitérs
in standard samples are shown in Fig.3 [11].

Estimation of annual effective dose by ingestion

Radon enters human body through ingestion and diwou
inhalation as radon is released from water to indaio.
Therefore, radon in water is a source of radiatimse to
stomach and lungs.

The estimated annual effective dose by ingestios wa
calculated because of habitual consumption of wéier
dwellers. It was computed using the formula belfiw]

Dy = Cw.CRw.Dcw

where Qy is the annual effective dose equivalenSyy™)
due to ingestion of radionuclide from the consumptof
water; Cw is the concentration of Rn-222 in theestgd

The natural exposure method using the sealed cujrinking water (Bql"); CRw is the annual intake of drinking
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water (I y?), and Dcw is the ingested dose conversion factosupplies [21], all the recorded values of the saspkere
for *Rn (SvBg"). A dose conversion factor of 5 x 10 found to be well below the action level and henate or
SvBq' was used as suggested by the United Natiorgrinking purposes.

Scientific Committee on the Effects of Atomic Ratbia The estimated annual effective dose ranged froito 882
(UNSCEAR) [15]. Annual effective dose due to intake uSv/y with average of 96.3+24.0uSv/y are showhahle 1,
Rn-222 from drinking water is calculated considgrihat an and as graphically represented in Fig.5. Sinceffeetive

adult. An average of 730 L water was estimated alyfor dose depends on the mean radon concentrationare¢he
an adult (Age > 18y) [16].The conversion factorttive used which recorded high concentrations also had highegof
for our calculation was D = 1445v/kBof*Rn [17]. annual effective dose.

Results and Discussion According to the World Health Organization (WHO)

The results of?Rn measurements in water in the Ninevehguidance level in drinking water on intake of ratiolides,
Province at the north of Iraq using CR-39 trackedtdr are the annual effective dose due to intake of radibdes
shown in Table 1 and as graphically representddgm.The should not exceed 0.1 mSv/y (1Q8v/y) (WHO, 2004).This
values in samples from Nineveh Province range figd + shows that the calculated annual effective dose tiue
0.8 to 36.1+ 1.2 Bqg/l with an average value of Z6t36.57 ingestion of radon in water to any individual adidtthe
Bg/l. In Nineveh Province the maximum values ofaad population group living in ( Al-Sahel Al-Aemen,HemaAl-
concentration are found in water at Sad Al-Mosul an Aleel, Al-Sahel Al-Aeser, Talaefar and Sad Al-Msis
Hemam Al-Aleel, whereas the minimum values are ¢bat  slightly higher than the average value set by thelQV
Talskuf region. High concentrations obtained may bg¢22].The present results show that the annual effecose
attributed to the geology of the study area whishmore in (Rabiaa, Al-Hamadania, Talskuf, Sanjar, Al-Kayaad
concentrations of radium-226 and other radionuclid€emar) and the average annual effective dosexuateeling
belonging to the uranium and thorium series. Radomater  the annual effective dose limit of 0.1 mSY32].
depends on the local geology, radium and uraniwssotired All measured®Rn activity concentrations in water are
in water and hydro geological conditions and rod¢kttee  below the European Commission recommended level for
aquifer and the presence of thrusts, faults andrshehich  radon in drinking water of 100 Bg/Il[21]. These lbvare set
facilitate upward migration of radon gas [18- 19] to represent a concentration that does not resulary

The health and environmental protection agencid®AJE significant risk to health over a life time’s drink water.
have recommended a safe limit of radon in drinkirager for
human beings, it has proposed that the allowed maxi 4 Conclusion
contamination level for radon concentration in wate 11

Bqg/l [20]. Radon concentration in water samplesrfrthe The observed values of radon concentration in wafer
study area was found to be higher than the recomeattn different areas of Nineveh province are well excedde
value [20]. maximum contamination limit recommended by the ERA

The UNSCEAR has suggested a value of radodl Bg/l, and All measured“Rn activity concentrations in
concentration in water for human consumption betwde water are below the European Commission recommended
and 40Bg/l. The values of radon concentration iteware level for radon in drinking water of 100 Bqg/l.
within the safe limit recommended by The total annual effective dose in 54.54% locatiohthe
UNSCEAR[15,21].When the recorded radon concentnatiostudied area are found to be within the safe limit
values were compared with the European Commissiof®.1mSv/year) recommended by World Health Orgaiumat
recommendations on the protection of the publiaresgyghe and EU Council and 45.45% locations are exceedimg t
exposure to radon in drinking water supplies, whichannual effective dose limit of 0.1 mSvl/y.
recommends the action level of 100 Bg/l for publiater

Table 1. Radon Concentration and Annual Effective Dose in Drinking Water

Symbols Sample Location Radon Concentration Bg/I Annual Effective Dose (USvly)
a Rabiaa 18.1+0.9 66

& Al-Sahel Al-Aemen 30.1+1.2 110
3 Hemam Al-Aleel 35+1.1 128
& Al-Hamadania 20.3£1.02 74

ES Talskuf 17.4+0.8 64

3 Sanjar 21.5+1.1 78

& Al-Sahel Al-Aeser 30.1+1.2 109.8
= Al-Kayra 21.4+0.97 78

Y Talaefar 33£1.8 120
a0 Sad Al-Mosul 36.1+1.2 132
an Zemar 27.13+0.9 99

Average 26.37+6.57 96.3+24.0
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