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Abstract: Radon and its daughters are the second most important cause of lung cancer after smoking in manycountries. It is estimated to range from 3% to 14% of all lung cancers; depending on the average radon level in thearea.The radon from water contributes to the total inhalation risk and associated in some areas of Iraq. The aim ofthis research is to measure the radon (222Rn) concentration and thoron (220Rn) in drinking water in Kirkukgovernorate (Iraq) and describes the results on radon (222Rn) and thoron (220Rn) which were performed byanalyzing the water samples Results: The values of radon concentration, in Kirkuk’s district are varied from 196.39Bq m-3 in Qadseay Yeak to 63.96 Bq m-3 in Hay Qharnata, and the values of thoron concentration, in Kirkuk’s districtare varied from 993.870 Bq m-3 in Qadseay Dwo to 278.806 Bq m-3 in Eskan. The values of uranium and thoriumactivity concentration from drinking water samples under the study. The higher and lower values of uranium in thelocations (Eskan) and (Hay Qharnata) have been found to be (0.363) ppm, (0.119) ppm, and the higher and lowervalues of thorium in the locations (Qadseay Dwo) and (Eskan) have been found to be (1.864) ppm, (0.523) ppm. Theresults obtained were generally lower than the normal levels because the results of the average radon ofconcentration in drinking water in Kirkuk city were smaller than the accordable limit as reported in WHO [1]. Theallowed maximum concentrations level for 222Rn in water is 500 Bq.m-3. There were no indications of survival ofradon problems in the water sources in this survey. Therefore the drinking water in Kirkuk city is harmless as far asradon concentration is concerned.
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1. Introduction

*Radon is a chemically inert gas; it's a colourless,odourless, tasteless gas that occurs naturally in mostsoils, rocks, materials building and water. Radon andits daughters are the second most important cause oflung cancer after smoking in many countries. It isestimated to range from 3% to 14% of all lungcancers, depending on the average radon level in thearea (WHO, 2009). Radon and its short-lived decayproducts are the most important contributors tohuman exposure to alpha particles from naturalsources; this contribution represents 50 % of theaverage annual dose from natural background(Hammood and Al-Khalifa, 2011). Radon is soluble inwater, and it comes from the radium in the water,surrounding soil and bedrock (Khan et al., 2010).When we use water such as washing clothes,showering and flushing toilets, and radon is releasedfrom the water and mixes with the indoor air. Thusradon from water contributes to the total inhalationrisk associated with radon in indoor air. In recentyears, radon monitoring has become a globalphenomenon due to its health risks inside dwellings.The purpose of this study is to investigate the radon
* Corresponding Author.

levels of sources water being used for drinking aspotable water in some areas and to determine thehealth hazards (Hammood and Al-Khalifa, 2011).Alpha particle radiation is one of the major typesof natural radiation in our environment. It is derivedfrom radioactive decay of radon (222Rn) and it isleaded to cause cancer in the most world (WHO,2009). Radon (222Rn) is produced in the subsurfaceby the continuous decay of naturally occurring(Radium-226) (Semprini and Istok, 2006). It isproduced in the soil where it can diffuse and reachthe surface before decaying (Buchillier and Valley,1999). One of alpha particle detector which is usedto measure Radon is Solid state alpha detectors(SSNTDs). The science of solid state nuclear trackdetectors was born in 1958 when D. A. Youngdiscovered first tracks in a crystal of LiF (Nikezic andYu, 2004)
2. Radon in drinking waterThere is no federal or state standard for radon indrinking water. N.H. Department of EnvironmentalServices (NHDES) uses 2,000 pCi/L as arecommended action level for radon in drinking
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water, meaning that at or above that level, NHDESrecommends testing radon levels in air and takingaction to reduce exposure (John, 2014) Radonconcentrations can be measured either in terms of avolume of air (Bq.m-3) or a volume of water (Bq/L).As well as the amount of radon in air or watercommonly isreported in terms of activity with unitsof (pCi/L) of air or water. An activity of (1 pCi/L) isabout equal to the decay of two atoms of radon perminute in each liter of air or water (Husain et al.2009).Soil is the most important sources of radon to theenvironment, and water role depends on the natureof the rock layers in contact with groundwater(Kurosaki et al., 2008). Radon dissolves with water,depending on the temperature of the water.According to the U.S. Environmental ProtectionAgency, 10000 pCi /L of radon gas concentration inwater increases its concentration in the air by 1 pCi/L in the case of normal use of drinking water athomes (Jonsson, 1991). Ninety-five percents (95%)of exposure to radon is from indoor air; about onepercent (1%) is from drinking water sources. Most ofthis 1% drinking water exposure is from inhalationof radon gas released from running water activities,such as bathing, showering, and cleaning. Althoughthe effects of ingested radon are not fullyunderstood, calculations suggest that the greatmajority of the radiation dose from such exposure isin the stomach (Gillmore and Jabarivasal, 2010). Inmany countries, some homes obtain drinking waterfrom groundwater sources (springs, wells, adits, andboreholes). Because of its volatility, radoncontamination occurs primarily in ground, notsurface, water sources of drinking water.Underground, this water often moves through rockcontaining natural uranium that releases radon tothe water. That is why; water from wells normallyhas much higher concentrations of radon thansurface water such as rivers, lakes, and streams(Kurosaki et al., 2008).
3. CR-39 detectorCR-39 is a clear, colorless, rigid plastic, with adensity of 1.30 g/ cm3, and chemical formulaC12H18O7 (Enge, 1981) made out of the polyallyldiglycol carbonate (PADC) resin (Fuchs et al., 2007).The rectangular piece of the NTD is 15×15×0.5 mm3in size and 1.31 g cm−3 in density. The sensibility ofCR-39 is such that it is physically able to register lowenergy alphas. Its high degree of reproducibilityfrom batch to batch ensures the correctdetermination of the “background signal”, giving anaccurate estimate of the actual radon concentration(Tzortzis and Tsertos, 2004).
4. Tube – technique (PVC)PVC tube is a plastic cylinder, made from PVC(Poly Vinyl Chloride), in the form of cylinder of (2mm) thickness, a diameter of (4 cm)  and (13 cm)

long, used in this work to determine the radonconcentration in water.
5. Experimental procedureDrinking water samples (each of two liters) werecollected from fifteen sites in Kirkuk governorate ofnorth region in Iraq, whereas. Each sampleseparated in a plastic can and stored for about eightweeks prior for farther measurements.The measurements of radon and thoronconcentrations were carried out by using a long-tubetechnique with the plastic detector CR-39 to registerthe track of α-particle from radon during the time ofexposure in the long-tube, The 40 gm (40 ml) fromeach water samples were placed in one end of thelong-tube (bottom), and  two CR-39 detectors wereplaced inside radon dosimeters, one with distance 6cm and the other at 12 cm at the bottom (watersamples) of the tube (12 cm from the surface of thewater samples) to register the track of α-particlefrom both radon and thoron during the time ofexposure in the long-tube. The samples were storedfor 60 days in cylindrical container and placedwithout any moving under 4 °C degrees.After completed an exposure time of 60 days, thedetectors were removed from the cans and all thedosimeters were collected at the end of the exposure(2 months), etched chemically in a 6.25N NaOHsolution at 70 ± 0.5 ◦C for 8h. Chemical etching is thesimplest and most widely used technique forrevealing the latent damage trails of ionizingparticles in solids when alpha particles deposed in tothe body to measuring the radon concentration(Tzortzis and Tsertos, 2004) and then the detectorswere washed in distilled water. The tracks werecounted for both detectors by using an opticalmicroscope. The number of tracks per area is used tocalculate the radon concentration level of thesamples tested using the equation in Ref. (Tome etal., 1999).The concentration of radon and thoron weremeasured as presented in Tables 1 and 2 by relation;Cw (Bq m-3) = (ρ/ K T) ----------------(1)ρ ; is the track density , T ; is the time ofexposure. K is the calibration factor for the radonand thoron. Then the concentration of the 238U and232Th were found in Tables 1and 2 by using therelations (Ukla, 2004).W(U, Th) =  N(U, Th) A(U, Th) / Navo. -------- (2)C (U, Th) = ( W(U, Th)/ Ww) (ppm) ---------(3)Where     A(U,Th ) ;   The mass number for uranium(238) and thorium (232).Navo ;    The number of Avogadro (6.023× 1023 mol-1).λRn ;    Decay constant of radon (2.1×10-6 s-1) and  of thoron (1.3 × 10-2 s-1).NRn ;    The number of radon andthoron atoms.λ (U,Th) ; Decay constant of uranium(4.8833× 10-18 s-1), thorium (1.56× 10-18 s-1).w(U, Th) ; The mass of uranium andthorium .
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C(U,Th) ;   The concentration of 238U and232Th. Ww ;    The mass of water.
6. Results and discussionIn this study the tracks registered by twodetectors, one at 6 cm and the other are at 12 cmaway from the sample. The detector at 12 cm(upper) records the radon gas only, while otherdetector at 6 cm (lower) from the sample records(radon + thoron). Then the signals was separated by(ρThoron = ρ lower - ρ upper). However, it has been

disusseded before in Ref. (Fleischer and Campero,1978).The calibration for radon (KRadon =0.025(track/cm2)/(Bq.m-3). h) and for thoron  (KThoron =0.0030 (track/cm2)/(Bq.m-3).h ).These values arefairly in agreement with those reported by otherinvestigators in Ref.( EL – Ghossain and Abu Saleh,2007).Tables 1 and 2 showed the results of the trackdensity of radon and thoron with emanation ratevalues for the water samples at different locationsunder study in Iraqi region.
Table 1: Estimation of radon concentrations and uranium concentrations in drinking water in kirkuk governorateNo. Location Con. of 222Rn Bq.m-3 Con.  of 222Rn pCi/L Con. of 238U ppm1 Shorja 165.89 4.484 0.3082 Horya 131.31 3.549 0.2443 Ahmad aqha 157.92 4.268 0.2944 Azady 118.14 3.193 0.2205 Tapa 166.78 4.508 0.3106 Arafa 104.37 2.821 0.1947 Rahym awa 160.36 4.334 0.2988 Eskan 195.19 5.275 0.3639 Eman -Qasm 141.45 3.823 0.26310 Qadseay Yeak 196.39 3.308 0.22511 Qadseay Dwo 184.28 4.979 0.34312 Hay Wasty 84.99 2.296 0.15813 Hay Qharnata 63.96 1.728 0.11914 Hay Askari 191.84 5.185 0.35515 Musalah 152.70 4.127 0.284
Table 2: Estimation of thoron concentrations and thorium concentrations in drinking water in kirkuk governorateNo. Location Con. of 220Rn Bq.m-3 Con. of 220Rn pCi/L Con. of 232Th ppm1 Shorja 675.055 18.245 1.2662 Horya 413.195 11.167 0.7753 Ahmad aqha 967.130 26.138 1.8144 Azady 846.113 22.868 1.5875 Tapa 581.682 15.721 1.0916 Arafa 450.970 12.188 0.8467 Rahym awa 919.325 24.846 1.7248 Eskan 278.806 7.535 0.5239 Eman -Qasm 869.180 23.491 1.63010 Qadseay Yeak 795.630 21.503 1.49211 Qadseay Dwo 993.870 26.861 1.86412 Hay Wasty 338.312 9.143 0.63613 Hay Qharnata 458.659 12.396 0.86014 Hay Askari 776.579 20.988 1.45615 Musalah 694.007 18.757 1.301The results of concentration values for radon gasin all samples have been found to be greater than theconcentration values for thoron in the same samples.This can be attributed to the difference in theproduction rate for both gases in the same period oftime since the production rates depends on λ-1,where λ is the decay constant, as shown in Fig.1.

Fig. 1: The compared between the concentrations of radonat thoron in water samples
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The values of radon concentration, in Kirkuk’sdistrict are varied from 196.39 Bq m-3 in QadseayYeak to 63.96 Bq/m3 in Hay Qharnata), as shown inFig. 2. And the values of thoron concentration, inKirkuk’s district are varied from 993.870 Bq m-3 inQadseay Dwo to 278.806 Bq m-3 in Eskan, as shownin Fig. 3.

Fig. 2: The relation between the concentrations of radonand the location under study

Fig. 3: The relation between the concentrations of thoronand the location under studyIt can be seen that the radon in the water sampleschanged from location to other. This variation inradon content in each water sample may be due todifferent degrees of agitation and change inmeteorological parameters. The health andenvironmental protection agencies hadrecommended safe limit of radon in drinking waterfor human beings. The recorded radonconcentrations in all the water samples from variousareas related to Kirkuk governorate were within theinternational recommended safe limit of 4000 to40000 Bq.m-3 (UNSCEAR, 1993) and hence safe fordrinking purposes. The US Environmental ProtectionAgency (EPA) proposed that Maximum contaminantlevel of radon concentration in drinking water is11000 Bq/m3 and alternative maximumcontaminant level is 148000 Bq.m-3 (Hammood andAl-Khalifa, 2011). These levels were set to representa concentration that does not result in anysignificant risk to health over the lifetime drinking ofwater.The values of uranium and thorium activityconcentration from drinking water samples underthe study, in unit (ppm) are given in Tables 1 and 2.The higher and lower values of uranium in thelocations (Eskan) and (Hay Qharnata) have beenfound to be (0.363) ppm, (0.119) ppm, and thehigher and lower values of thorium in the locations

(Qadseay Dwo) and (Eskan) have been found to be(1.864) ppm, (0.523) ppm, respectively.The results obtained were generally lower thanthe normal levels (which is lower than the normalrate of uranium concentration in nature that reaches(2-2.8) ppm (Mohammed, 2013) also reaches (6-10)(Escobar, Tome et al. 1999) ppm in thorium. Oneconsiders this as a secure situation for the benefit ofthe society and human environmental safety in theregion, where the availability of uranium with highrate in some regions makes it to be a source ofdanger on health as well as on public safety, so it hasno danger on human is life.Significant health effects have been seen inuranium like exposed to high levels of radon.However, Radon is much more likely to cause lungcancer in people who smoke. The aim of this studywas determined the important radioactive elementradon in healthy drinking water, because severalfactors such as increases used it and availability inmarkets different types. The aim of the present workis to measure the concentration of radon in drinkingwater in Kirkuk city. Others have reported that thegeological structure of an area is a predominantfactor for high radon concentration and climate isalso an important factor (Abojassim, 2013). Theallowed maximum concentrations level for 222Rn inwater is 500 Bq.m-3. The reason for vibration inradon concentration could be a function of geologicalstructure of the area, depth of the water source andalso differences in the climate.
7. ConclusionsThis study is the first radon concentrationmeasurement in water sources that is performed inthe area of Kirkuk Governorate (Iraq). The resultscan be helpful in finding background levels of radonin drinking water and river water, as well as tounderstand the effects of it. This paper aims tointroduce radon gas as the most important naturalradiation sources in the environment, and to raiseawareness of its dangers to public health and toemphasize the importance of measuring itsconcentration in the local environment. Has beenchosen this subject of the current study of theimportance of water in human life and living, and thelack of previous studies in the study area. The resultscould be utilised to make distinctive supplementarycontributions when contamination event occurs andto implement water quality standards by concernedauthorities to maintain.
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