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Summary

The present work is based on the data obtained &gmeditions to Kurday, Kazakhstan in
2006 performed by Joint Norwegian- Kazakhstan —gkgstan- Tajikistan project in
collaboration with the NATRO RESCA project. Therfar uranium mining and processing
site Kurday, located in Zambyl region in southerazBkhstan is rich in naturally occurring
radioactive materials (NORMs) and technologicath@&nced naturally occurring radioactive
materials (TENORMS). It has been recognized as ohd¢he earliest uranium legacy
production sites in Central Asia. In addition, #rea is not only contaminated with uranium
and its daughters, but also from associated tragtalswhich may pose a risk to man and the

environment.

The objectives of the thesis were to use the availautdoor and indoor radon concentrations
as well as gamma dose rates/doses to estimate puinlual effective doses from gamma and
radon exposure in selected area of the site. Thegmonding doses estimated from gamma
and radon obtained in Kurday, Kazakhstan and Tabp3lajikistan were also compared. The

risk of human stochastic effects (excess cancer fthe estimated total doses was also

evaluated.

The absorbed gamma dose rates in air were measueery sampling sites and also in the
dwellings, using different dosimeters like GeigeulMdr type (DKS-96 Automess) and
scintillation type (SRP-68, Radiagem) dosimetersr Every measurement points, the
detectors were positioned 1m above the ground aedsmnally at ground. In addition,
simulteneous outdoor and indoor radon concentratmeasurements were conducted around
the Pit Lake, at the hills around the lake and grid pattern at the mountain plateau. Radon
detectors were also placed indoor in the dwelliog&urday, and outdoor in the garden of
the dwellings. Indoor and outdoor concentratiofRofin air were measured using both active
and passive devices. The screenings of prelimileagl of radon concentration were done by
RAMON-01, RRA AND PRM-145. The track detectors wéren placed for a longer period
(2-9 months). All the data were analyzed using wimsl office EXCEL 2007 and minitab 16.
For all analyisis, p values <<0.05 were considestdistically significant. Annual average
effective doses were estimated by extrapolatingatiesorbed doses in air over the measured

period and using the conversion factor 1 Sv/Gyotwdccupancy of 6000 hours per year
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was used, while 350 hours and 700 hours per yeae agplied for tailing piles and for
gardens of houses, respectively, to estimate dasesse of radon doses, equilibrium factor
0.4 was used, while the dose conversion factor ieppivas 9 nSv/Bg/fthour. The
occupancy factor used in radon calculations wasilaimo that of gamma doses for
corresponding locations. Similarly, the risk of dmping cancer in human was estimated

using the risk factor of 5x10per Sv.

As a summary, the gamma dose rates were foundryowithin the studied areas; highest at
the Pit lake (0.11-1.07 uGy/h) and waste rock p{l@g-1.05 uGy/h), inside dwellings
(0.131-0.254 uGy/h) and lowest in the gardens (0.Q1 pGy/h). The calculated mean
annual effective doses of gamma radiation at differareas of Kurday were; Pit lake
(0.31+0.26 mSv), waste rock piles (0.36+0.05 m#@sg)de room (1.40£1.80 mSv) and garden
(0.11+0.02 mSv). One way ANOVA analysis showedwhgation of mean dose rates for all
the four areas investigated. The mean dose ratesurexh in waste rock piles was
significantly higher (p<<0.05) than that in Pit legkinside dwellings and in gardens. The
radon concentrations also varied according to tltes sinvestigated. Peak radon
concentrations were found in the living rooms aredrboms of two selected houses
exceeding 1000 Bg/MThe mean radon concentrations of indoor envirotirtiaside rooms)
were found to be significantly higher (p<<0.05)rthiat in outdoor conditions (gardens).
The regression analyses of outdoor gamma dosemnateutdoor radon concentrations, and
indoor gamma dose rates and indoor radon concimsatonditions showed that both of the
combinations have p<<0.05 and Bound 76%. The mean effective doses due to outdoo
radon exposures at Kurday area was found to bet0.03 mSv whereas, the mean effective
dose due to indoor radon exposure was estimated %91+1.80 mSyv. Similarly, the mean
concentration of uranium in drinking water from Mbefi dwelling area was found to be 26
pno/L and the annual effective dose was estimatdazet6.25 mSv. The total dose calculated
was 6.31 mSv/year where indoor radon was the lardese contributor. The dose could
potentially contribute to health injuries to thelividuals to develop one cancerous case to
ionizing radiation- at a risk factor of 5x¥@er Sv.

In conclusion, the present study based on the sugnreport obtained in the NATO RESCA
project and JNKKT project showed that the Kurdesaaof Kazakhstan represent sources of
potential contamination of the living environmé®st gamma radiation, radon exposure and

the uranium concentration in drinking water sourdége outdoor gamma dose rates (0.078-
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1.226 uGy/h) were found to be higher than the ind@onma dose rates (0.013-0.69 uGy/h),
whereas the indoor radon concentrations inside lahgsl (70-330 Bqg/n) were recorded to
be higher than the outdoor radon concentrations9B®qg/nT). The values of outdoor
gamma dose rates, indoor and outdoor radon comtems are considerably higher than
global average corresponding values. The mean wramioncentration in drinking water
from Muzbel dwelling area (26 pg/L) was also foundbe higher than the recommended
value by WHO. The highest dose contribution to hasnevas obtained from indoor radon
concentration (0.18-7.13 mSv) in the houses of Hyrdrea. The doses from indoor gamma
radiation was also significantly high (0.14-4.14w)Swhile that from drinking water (0.25
mSv) was quite low (within the recommended valumnpared to indoor radon and gamma
radiation doses.

The outdoor annual gamma doses obtained in Kutdagakhstan were found to be similar
to the outdoor gamma doses observed in Taboshgkjstan (around 0.6 mSv). However,
the outdoor radon in Taboshar was found to betfimes higher than that in Kurday, both the
values were lower than the global recommended salBienilarly, the indoor radon dose and
indoor gamma dose in Kurday and that in Taboshae wethe comparable range. However,
the peak values for indoor gamma doses were foorukthigher in Kurday than those in
Taboshar region. The radiological risk to humam¢eas) from the total dose was estimated to
be one cancerous case in Kurday with 3000 populaliberefore, on the basis of the present
findings, it can be recommended that interventisimsuld be made at the high doses sites in
Kurday region in order to minimize the probabildf human stochastic effects and thereby

limit the public doses as low as reasonably acluleva
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1. INTRODUCTION

Central Asia is an important intersection betweemofe and Asia situated between the
Caspian Sea in the west, China in the east, soufilains of Russia in the north and Iran and
Afghanistan in the south (Cowan 2007).

Uranium (U) ore mining and processing started ie flormer Soviet Republics of
Kazakhstan, Kyrgyzstan, Tajikistan and Uzbekistiiarghe Second World War and lasted
for half a century. The industry was a vital pdrttee nuclear weapons program in the former
Soviet Union. According to Wagitt (2008) the extrac of U was intensified in the central
Asia region just before the breakdown of SovietdgniKazakhstan is still one of the largest

providers of U for the nuclear fuel industry in terld.

The nuclear sources in Central Asia are relatedethnologically enhanced naturally

occurring radioactive materials (TENORMSs) and searcontaining radionuclides produced
from nuclear weapon test and from nuclear reactoh® Semipalatinsk polygon site in

Kazakhstan was the first nuclear weapon test site former Soviet Union and a total of

456 nuclear weapon test has been performed inth@sghere, at ground and underground in
the Degelen Mountains. Some peaceful nuclear explesvere also carried outside polygon
(Grosche 2002).

The Central Asian region has rich sources of niyuocurring radioactive materials that
have been exploited intensively during the last6B0Oyears. The region ranges from high
mountainous areas with substantial precipitatiorarid deserts. Large rivers such as Syr
Daria and Amu Daria are draining the region, amegboundary transport occurs as these
rivers drain Kyrgyzstan and Tajikistan before tivenrs enter Uzbekistan. The Chu River acts
also as a boundary river between Kazakhstan angy&gtan. Transboundary transport can
also be attributed to strong winds and prevailimgdadirections (IAEA 1998).

The region is also characterized by the high seiswiivity. Therefore, the geo-hazards like
earthquake, landslide and flooding affecting thetaminated areas are very common in this
region. Landslide and associated flooding has eedun Tuyuk-Suuand Mailuu-Suutailings

site in Kyrgyzstan. In the Ak-Tyuz area (northerpr¢fyzstan close to Kazakh border) one of

the four dams of tailing area broke in 1964 anduabb million tons of contaminated
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materials were released into the Kechi KeminRi¥é&e contamination, mainly Pb and other
heavy metals, were traced even after 40 years maldestan (Abraham et al. 2007).

The Kurday uranium ore deposit is located in tharZhyl region in southern Kazakhstan.
During the operational period when this ore depwsis exploited, about 6.3 million>nof
waste in the form of rock spoil heaps was produgéeé. open pit from which the uranium ore
was extracted is filled with water (figure 1), dieeground water inflow and precipitation.
This artificial pit lake is about 100 m long, 35wide and 150 m deep, without any outlet
(Stremman et al. 2012). In the lake, two differésh species have been stocked, and are
occasionally consumed by the locals. The U minirgadas been abandoned for about 50
years, but in 2005 the bedrock and spoil heaps warially remediated by realigning and
covering the area with of about 1 m clay. Howewsep cracks are already seen in the

remediated site due to wind erosion (Salbu etGil1

Figure 1: The Pit Lake in Kurday mining site crebly the removal of uranium ore in a
mountain plateau (Photo B. O. Rosseland and BupéBalbu et al. 2011).

The present work is based on the expeditions tal#&yrKazakhstan in 2006 performed by
Joint Norwegian- Kazakhstan — Kyrgyzstan- Tajikistgaroject in collaboration with the
NATRO RESCA project. The objectives of these prigegere to assess the environmental



impact from the uranium production legacy sitegsha Central Asian countries, where the
contamination from not only uranium and its daughtsut also from associated trace metals
may pose a risk to man and the environment (Salau 2012).

The objective of the present work is to evaluate dbses to man from indoor and outdoor
exposure of radon and gamma radiation, based omldtee made available from Kurday,

Kazakhstan. In addition doses obtained from Kungdlybe compared with calculated doses
obtained from the U mining area in Taboshar, Tsjda, based on JNKKT and RESCA

expedition in 2008 and 2009 (Silwal 2012).



2. THEORY

2.1. Natural Background Radiation

The doses to humans due to natural sources oftiadizary depending on location, geology,
ecosystem and living conditions. The radiation expe to public is broadly classified into

two groups by UNSEAR; natural and man-made exposureng all the radiation exposure

to human, natural radiation alone counts up mase 80 % of the total exposure. The global
average annual effective dose from natural backgtouvadiation is around 2.4mSv

(UNSCEAR 2010), summarized in table 1.However,dbses vary among the individuals in
a wide range as discussed by UNSCEAR (2010).

Tablel: Average radiation dose from natural saI(ECENSCEAR 2010).

Sources Global average annual effective| Typical range (mSv)

dose (mSv)

External exposure
Cosmic rays 0.4 0.3-1.¢
Terrestrial gamma rays | 0.5 0.3-0.6

Internal exposure

Inhalation (mainly radon) 1.2 0.2-1¢
Ingestion 0.3 0.2-0.8
Total 2.4 1-10

a Range from sea level to high ground elevation.
b Depending on radionuclide composition of soil andding materials.
¢ Depending on indoor accumulation of radon gas.

d Depending on radionuclide composition of foods dnidking water.

Radiation exposure is one of the important contiigu factor for carcinogenesis and
mutagenesis in humans (Ron 1998). It is foundttiere is no threshold radiation dose below
which we can say that human cancer do not occluanfiar et al. 2003). However, the linear
non-threshold (LNT) model of cancer risk estimatisriull of controversies (Kellerer 2000;
Tubiana 2000). Similarly, the study for the ionginmadiation exposure is also of special
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concern to non-human organisms and environmenttandadiation protection for the same

have been of equally relevant, and this kind ofigtuas recently begun (Pentreath 2009).

2.2.NORMs (Naturally Occurring Radioactive Materials)

NORMs are defined as the “materials which may daraay of the primordial radionuclides
or radioactive elements as they occur in natureh sis radium, uranium, thorium, potassium,
and their radioactive decay products that are tndied as a result of human activities”
(U.S. Environmental Protection Agency 2006).The anagources of NORMs are igneous
rocks (crystallization of magma in earth crustjjiseentary rocks (zircones, biotites) and also
in smaller amount in sandstones and carbonatemrRac major example of NORM (World
Nuclear Association 2011). Some of the areas ofagdel level of NORMs located in Brazil,
China, India and Iran with high levels of terrestriadiation is reported (Hendry et al. 2009).
Similarly, Kurday in Kazakhstan also comprises ated NORM and TENORM site
(Stremman et al. 2008).

The classification of sites elevated in NORMs (&NIORMSs) had been done on the basis of
annual effective dose received by the public liMmguch areas (Sohrabi 1998):

* A low/normal level natural radiation area (LLNRA/NRA): The area of dwelling
with public receiving background annual effectivesd lesser than 5mSv from the
exposure to cosmic radiation and terrestrial ragetides in soil, water, air and food.
Such area requires no intervention.

* A medium level natural radiation area (MLNRA): Theea of dwelling receiving
annual effective background dose greater than S5mgviesser than 20 mSv. An
intervention level is needed in such areas.

* A high level natural radiation area (HLNRA): Thisea of dwelling an annual
effective background dose in the range of 20-50m8vintervention with remedial
action is required in such areas.

* A very high level natural radiation area (VHLNRA)is area has an annual effective
background dose received by the public greater B0amSv. An urgent evacuation of

public from such area is recommended for this site.
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This system of classification is in agreement wiih classification system based on ICRP
(Valentin 2008). The individual effective dose amecommended action level is also
purposed (ICRP 2005). This suggests that any radiakposure that gives annual dose more
than 1 mSv besides the background dose shouldvatitervention policy depending on the
dose levels as shown in figure 2:

HIGH

<«—— 100 mSv/yr

NATURAL BACKGROUND
AROUND 1 mSv/yr

DECREASING

«— 0.01 mSv/yr

LOW

Figure 2: Natural background radiation levels aodesponding intervention required (ICRP
2005).

2.3. TENORMSs (Technologically Enhanced Naturally Ocarring Radioactive Materials)

TENORMSs are defined as the “Naturally occurringioadtive materials that have been
concentrated or exposed to the accessible envinsnagea result of human activities such
asmanufacturing, mineral extraction, or water psscey” (U.S. Environmental Protection
Agency 2006). The “technologically enhanced” metnalter the radiological, physical and
chemical properties of the NORM such that theransncrease in the potential for human
and environmental exposures (U.S. Environmentakptmn Agency 2007). The TENORMs
are not subjected to regulation under the atomergynact but in Norway TENORMSs are
regulated by the pollution act (2011) as radiorde&clconcentrations potential for human
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exposure have been increased above the level foumatural state by human activities
(Council. 1999).

TENORM wastes often includes industrial wastes ftborium and uranium mining/milling;

niobium, tin and gold mining; water treatment; aild gas production; phosphate fertilizer,
coal fire ash and aluminium production (U.S. Ennimeental Protection Agency 1999a). All

these technologically enhanced materials resultexposure to individual and group,

increased environmental mobility and its contamargtimproper disposition and various
problems in re-use and re-cycling of wastes (USuilenmental Protection Agency 1993).
In many cases, relatively low level of radiatiorcocs in very large TENORM areas. This
situation causes dilemma to concerned authorities the economic burden of disposing the
waste materials thinking that the low dose radratomuld not make any problem to the
environment. It is also one of the reasons whyrgelaumber of TENORM waste sites are
uncovered and may be found in the many of the thuwds of abandoned sites (U.S.

Environmental protection agency 2000).

Following the cold war, extensive uranium mininglgrocessing took place in many part of
Central Asia as a part of nuclear weapon prograrfoimer Soviet Union (Stegnar et al.
2012).The full cycle of uranium recovery and preteg of uranium ores have been
undertaken in the region for more than 50 yearsb(Sat al. 2011). Moreover, extensive
mining for many metals also took place in the saeggon(Lind et al. 2012).Kazakhstan is
characterized as one of the largest TENORM matenahtries in Central Asia due to the
presence of numerous uranium tailing and miningssprevailing from the former Soviet

Union regime (Strgamman et al. 2008).

2.4.Uranium and Its Daughter Products

Uranium(Z=92) includes three isotopic forms in maff*U (99.27%),%*U (0.7%), >*U
(0.005%) (Choppin et al. 2002). Uranium is presanfirge number of minerals, mostly in
tetravalent state (Kolodny & Kaplan 1970). Uraniumining has been a very important
industry in today's world as enriched U-235 is ussda fuel material in both civil and
military nucelar purposes (May 1994).
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Uranium-238 decays to Ra-226, Rn-222, Pb-210 an@1Popassing through a series of
subsequent radionuclides (figure 3) with the hiatéd of 4.5x18 years, 1600 years, 3.82
days, 21 years and 138 days, respectively (Unitate$ Environmental Protection Agency
2007). Radon is a noble gas and its self does agggsses risk to human lungs cancer rather
i's because of the decay to particle reactive alphdiation emitting short lived decay
product such as Po-210 and Pb-210 which are theé mmpertant contributors to human

exposure to ionizing radiation from natural sour@@siser et al. 2011).

UZBE UZ:‘A
4.5 x 10°%y 2.5 x 10%
4.2MeV 4.7-4.8 MeV
234m
1P2a min e
. 2.3 MeV ) ey
Th’_‘34 Th'.‘30
24 d 8.0 x 10%
0.2, 0.1 MeV 4.6-4.7 MeV
Alpha
Decay
Ra?:ﬁ
1600 y
4.8 MeV
Rn222
3.82d
5.5 MeV
pOZIE POZM p°21D
3.05 min 1.6 x 10™%s 138 d
6.0 MeV 7.7 MeV 5.3 MeV
Bi:‘w Bi210
19.7 min 5.0d
v _,0-4-3.3 MeV v 1.2 MeV v
pPp214 /] pp21° 208
26.8 min 21y Stable
07, 1.0 MeV <0.1 MeV

Figure 3: Uranium decay series (with energy and-hads) (U.S. Environmental Protection
Agency 2007).

Uranium mining has been considered as one of thartlaous steps in the nuclear material
productions regarding radiation doses to man whigiroved by the extensive evaluation of
the radiological condition in uranium mining argesformed in several countries worldwide
(Salbu 2012). The transport of uranium (U-238) asdlaughter product$§®®Ra,**Rn, *%o
and #%b to the terrestrail and aquatic ecosystem arenthpr issues regarding dose

contribution to man (Salbu et al. 2011).
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lllustration of the dose contribution by variousliauclides is given in the figure 4. The
daughter products of U-238 decay serfé®Ra and*%Po contribute the highest doses to man,
much higher than the same concentrations of uramiupiutonium (Sv.Bd): Ra-226 > Po-
210 > Am-241 > Cf-252 > Sr-90 > [-131 > Cs-137 wm=d@hd U (Salbu et al. 2011).

3.0

2.5

Dose coefficlent (X1 0'sv, Bq'1)

I
Q& S G 2 O A 0] N
f & £ F £ 5 P 3
& T FF YK

O & N 0 ©»
SR A

&€ 2
Radionuclide

Figure 4: Dose contribution of various radionucid8albu 2011).

2.5.Gamma Radiation

Gamma radiation is the electromagnetic radiatidth & very short wave length (<ifin)
and high frequency (£®— 1G* Hz) in an electromagnetic spectrum (Price & Bur®i0).
Gamma radiation in the nature is found from tworees; one from the terrestrial sources
such as from the series decay radionuclides; una288 ¢**U) and thorium- 235%¢2Th) (in
rocks and soils) and potassium-4€KJ, a non- series decay radionuclide, and the dtoen
the extraterrestrial source from the cosmic radmiiJibiri 2001). The concentrations and
hence the activities of these radionuclides in givgn environment depend on the factors
like geological features of the area, weather domti, human economic and technological

activities (Ajayi & Ajayi 1999). These concentrai®are nearly constant fofU and?**Th
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because of their long half-lives.However, low dosegamma radiation have been recordedat
former uranium mining and milling sites, outsidedanside the dwelling places of Kurday,

Kazakhstan (Stegnar et al. 2012), except in socwitms.

2.6. Radon Exposure

Radon and gamma radiation are the main subjedtssofhesis, therefore, the discussion will
be focused on these dose contributors. In the gheoE boundary level, natural
radioactivity is mainly caused by the radon anddhoprogenies (Baciu 2005). Radon is a
chemically inert radioactive gas produced by theageof Ra-226 (U-238, natural decay
series) (Sharma & Virk 2001). This radioactive gagrates in the soil layers, penetrates the
soil-air interface and is diffuses into the atmameh The distribution of radon in the
atmosphere is influenced by removal processes wasdéposition, rainout and washout
(Raviart et al. 1996). The decay scheme of rad@hasvn in figure 5. The half lives of U-
238 and Rn-222 are 4.5<1@ears and 3.82 days, respectively (U.S. Environaient
Protection Agency 2007).

It has been estimated that about 50 % of the &ftattive dose received by humans from all
source of ionizing radiation is from radoff’Rn)and its progeny (Colmenero Sujo et al.
2004). Radon decay progeny can be divided intoftactions; attached and unattached. The
attached radon progeny can attach themselves tth duost particles in the air and can be
inhaled and deposited in the lining of airway onds. Whereas, the unattached progeny is
carried along by aerosol particles with size 10 amtess (United States Patent US4847503
1989). It is documented that the unattached progeayhe major contributor of radioactivity
to general population. It is because the unattagvedeny have higher mobility than the
attached one and are more easily deposited onuimar respiratory lining, and hence the

greater risk (ElI-Hussein et al. 1998).

Radon is one of the most studied human carcinoged$as a linear relationship without any
threshold for dose-response (radon and lungs ca(arby et al. 2005). The radoff{Rn)
concentration can reach a very high level if therse strength is very large and ventilation is
poor. On decay o?°Rn, its short lived progeny:®Po - particle emitter)*Pb (- particle
emitter), 2**Bi (B- particle emitter) and**Po @- particle emitter) are formed. The radon
progeny?*®Po is found in the unattached form, and can gathéd to the natural aerosols in

the air to form attached fractions. On inhalatithe attached or unattached form will get
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deposited in the lungs. The emitted radiation dasabe sensitive tissues in the lungs and
may cause lungs cancer (Yu et al. 2006). Smokiiglamgs cancer have been found to have
synergistic effects in the lungs cancer incidergar(os-Dios et al. 2002).The doses received
by lungs due to radon and its progeny depend omouw&arfactors like radon activity
concentration, potential alpha particle energy exp®, equilibrium factor, aerosol size
distribution, amount of unattached progeny, breathiype (nose or mouth breathing),

fractional deposition in the airway, and breathttearance (EI-Hussein et al. 1998).

222
Rn - Rn

Short-lived decay products

3.8d

Figure 5: Radon decay scheme illustration (Kengfl&mith 2002).

2.6.1. Indoor Radon

High radon concentrations in indoor air coupledhvifie prolonged exposure periods related
to indoor habitation make indoor radon a potertiedlth hazard (Marcinowski 1992). The
concentration of indoor radon varies according e geological location and the room
ventilation of the dwelings. There are two maj@nsport mechanisms of transport of radon
and its progeny into the dwellings: diffusion froseil and building materials and the
convective flow generated by the pressure diffezelnetween the inside and outside of the
building. The pressure diffrerence is developedhgymetereological parameters, heating and
ventilition system (Porstendérfer 1994). In additithe use of radon- rich ground water for

domestic purposes could also enhance the indoonragposure (Chambers 2010). Various
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studies confirm the fact that the resisdential ragoa risk factor for lungs cancer (Lubin &
Boice 1997).

2.6.2. Out Door Radon

The outdoor radon concentrations do not, in geneaadtribute to any significant doses and

and the corresponding doses are usually not takeraccount (Kavasi et al. 2010). Outdoor

radon concentration is subjected to large variatlepending on the factors like location,

meteorological conditions, seasons, and time of (Boystendorfer 1994). The wind speed

and atmospheric stability are also the importamtoisd affecting radon and its progeny

concentrations near the ground (Baciu 2005). Thldst concentration is found in the early

morning, while the lowest value can be observethénafternoon (Singh et al. 2005). This is

because, the earth gets cooler than the higher Eyeve the ground in the morning and

causes the earth surface to warm up earlier thaaitiayers above it, which causes the heat
transfer. This causes the air closer to the earthdve up while cold air to come down and

replace the lifted air. This causes radon to trarisppwards and away from the ground

during the day time. Similarly, during the nigh&don gets trapped closer to the ground
(Baciu 2005).
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3. MATERIALS AND METHODS

3.1. Site Descriptions

The site, Kurday in Kazakhstan was partly inveséideby the NATO RESCA team in May
2006 and a comprehensive joint study with Joint iy, Kazakhstan, Kyrgyzstan,
Tajikistan (JNKKT) team was carried out in June @(@8albu et al. 2011). According to the
combined project, Kurday site was selected for stigation among the 30 uranium industry
site in Kazakhstan. It is a small village (figurgif the south-east of Kazakhstan near the
border of Kyrgyzstan with a climate of + 40°c ireteummer to -38°c in the winter, and the
average rainfall recorded from 150 to 500 mm thhmug the year (Salbu et al. 2011).

G(}(‘)gie earth

Eildedato: &/ 305 74751 a1t @ VEL @yehgyde 713 km L)

Figure 6: Satellite image of Kurday (Google eaf@ii?).

Kurday site was one of the former uranium expl@tatites operating from 1954 to 1965,
selected for comprehensive assessment of the tuadiological situation in Kazakhstan

(Salbu et al. 2011). The main interest for studKKurday site was because of the uranium
mining left behind the crushed bed rocks with wiamicontaining radionuclides and heavy
metals without being remediated until recently g8tman et al. 2008). In addition, data from
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Muzbel, a nearby settlement, was collected by jONKKT and NATO RESCA project
(Salbu et al. 2011).

S —1

3"17°50.1°
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T

Figure 7:Map of the miningite and Kurday Pit Lake in Kazakhstan with watampling
locations (Solid circles 1-7). Sitel: Kurday Pitkkasite 2: River Ospanssite3 and 5 river
Shilosek, site 4: river Sheldomak upstream the loente, site 6: Artesian well water,
and site 7: River Shu 7.5 km from the site (Strommeizal. 2012).

The site investigated also included a Pit Lakearificial lake, that was created as a result of
past mining activities which was formed by filliin§ groundwater and rain water in the open
pit (Salbu et al. 2011).

3.1.1. Field Expedition

The field work was performed as a joint collabaratbetween the NATO RESCA project
and the Joint collaboration between Norway, KazelthsKyrgyzstan, Tajikistan (JNKKT)
project Radon detectors were placed around the Pit Lakbgeatills and in a grid pattern at
the mountain plateau, indoor in the dwellings, antboor in the garden of the dwellings of
Kurday area (Stegnar et al. 2012). Almost all detsowvere collected 2 months later, taken to
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Norway and analyzed at NRPA (Salbu et al. 2011jn@a dose rates were also measured at
the sampling sites and also in the dwellings (Stegbal. 2012).

Figure 8: Uranium mining legacies in Kazakhstan(\@/ag8007).

The Joint team from NATO RESCA and JNKKT projectlected a series of different
samples (water, sediments, fish, soil, vegetatiati)in the sites and analyzed the metal and
radionuclide concentrations (Salbu et al. 2011)taNsamples were collected at Muzbel
village, Pit Lake and from the main streams flowatgoss the Kurdaysite, namely Shilozek,
and the Shu River (location given in figure 7) (&akt al. 2012). All the data used in this
dissertation were provided by the INKKT team.

3.2. Radiation Measurement

3.2.1. Measurement of Gamma Dose Rate

Gamma dose rate measurement were performed inirtiienater above the ground taking
into consideration the microclimatological conditsolike temperature, air pressure, relative

humidity, wind direction and velocity (Stegnar &t 2012). Geiger Mller and scintillation
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counters of different brands and productions (DERBP, Alnor, FAG, Automess etc) were
used. Similarly, devices with Nal and LaBr detest@re. Inspector 1000) were also used
(Salbu et al. 2011). Calibrations of dose rate rseteere donén situ, at the beginning of the

measurements (Stegnar et al. 2012).

3.2.2. Measurement of Radon

The exact location of sampling site were determibgdsarmin GPS (global positioning of

satellites) devices (Salbu et al. 2011). Indoor aattoor concentration of Rn in air were
measured at different places (within the uraniuming site) using both active and passive
devices. The screenings of preliminary level oforadoncentration were done by RAMON-
01, RRA AND PRM-145 whereas, the track detectorSNBDs) were then placed for a

longer period (2-9 months) (Stegnar et al. 2012).

3.2.3. Measurement of Uranium from Drinking Water

Annual effective doses f6r°U, U, #Ra,**Pb and'%o in water were calculated from the
measured radionuclide concentration in drinkingenaThe dose conversion factors were
taken from the literature in IAEA BSS (internatibhasic safety standard (IAEA 1996) and
the annual consumption rate were derived from tHéOAguidelines (WHO 1996). Other
doses like dust particulates and food particlesewaat included due to the lack of factual
data (Salbu et al. 2011). Measurements of uransotopes and its daughter radionuclides
were done by alpha spectrometry, liquid scintidlaticounting and ICP MS (Salbu et al.
2012).

3.3. Instruments

3.3.1. Automess

An Automess has an inbuilt GeigeréNer counter (GMC). GMCs are used to detect iorgzin

radiation; usually gamma and beta radiation. A GiEherally detects the presence and
intensity of radiation (particle frequency). Theuoter has a tube filled with gas (usually
argon) in an ion chamber with a hollow cylindricathode and a thin central anode (figure
7). When the gas is hit by an ionizing radiatiorotlgh the chamber s window, the ion pairs
are produced and moves towards opposite chargeagles, generating an electrical signal
(Choppin et al. 2002). The current signals are #teverted to pulses of voltage, which are

then recorded by a counting device, and finallyghsicle counts are displayed.
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/ Cytindrical

Figure 9: An illustration of Gieger-Mler tube (Khandpur 2006).

3.3.2. SSNTDs

Solid State Nuclear Track Detector were the mogioirtant radon detectors used in this
study, since the detectors were placed for a ceralide longer period of time to record radon
and its daughter products over the garden andarnbkielroom. Substances that are used in the
SSNTDs are CR — 39, CN — 85, LR — 115 etc. The imgrknechanism of SSNTDs starts
with the alpha particles from radon encounter ® dletector, are registered in the form of
latent damage trials. After the time of expositidhe film used in the detector is
electrochemically etched. The numbers of trackyvetr area of the detector are counted and
are directly proportional to the average conceimadf radon during that period (Khan et al.
1993). The solid state nuclear track detectors wéaeed at appropriate locations in living
rooms, bedrooms and other indoor places of selduiades, dwellings and public institutions
which are then after the end of exposure periodallisat least three seasons), readings were
made at the institutions that provided those detsctin Slovenia, Norway and Japan
(Stegnar et al. 2012). Different radon detectoesséwown in the figure 10.
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Outdoor and indoor radon
NEEESENENE

Active device

Rn- Tn monitor RTM

Passive device PRM-145 scintillation cells
device for radon
measurement in aik
P

.“Q:ﬂ \
Radon Scout for long-term monitoring (1-7 ‘ﬁ! ’

days):
Relative humidity, Temperature, Radon Track etch detectors (more than 6 months)

Figure 10: Active and passive devices used foairtsineous Rn measurements and SSNTDs

used for long term Rn measurements (Salbu et &l1)20

3.4. Dose Assessments
3.4.1. Gamma Doses
According to Stegnar et al. (2012), the criteriad aassumptions used for gamma dose
assessment were:
» Outdoor environment: exposure time (occupancy): 185@rs per year (at tailing piles)
to 700 hours per year (at gardens of houses),

* Indoor environment: exposure time (occupancy): 0600urs per year.

D: gamma (mSv/yE<{dose rate x O)
Where, D is the dose rateiGy/h and O is the occupancy (exposure time)

3.4.2. Radon Doses
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As per the standards used by Stegnar et al. (2€i2)annual dose assessment of radon was
estimated by using the following assumption:
» Outdoor environment (gardens of the houses): expdsue : 700 hours per year,
* Indoor environment: exposure time (occupancy): 06@8urs per year,
* DCF (Dose Conversion Factor) : 9 nSv/Bg/m3/h,
* EF (Equilibrium Factor) between Rn and its sharedi daughter products : 0.4 in the
indoor environment (UNSCEAR 2000)

The dose, D: Rn (mSv/y) & (C x F x O x DCF)

where,

C: Concentration of radoA%Rn) in Bg/n?

F: Equilibrium Factor between radon and its shwgd daughters in indoor environment
O: occupancy, 6000 hours per year is used in thdys

DCF: Dose Conversion Factor: 9 nSv/Bd/mour

3.5. Statistics

Different statistical tools were applied during tata handling. Minitab 16 was used for
most of the analysis. Regression analysis was meed with p<0.05 as criteria of
significance. Excel 2007 was also used for the nagahstandard deviation determination.
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4. RESULTS AND DISCUSSIONS

4.1. Gamma dose rates

In Kurday, the gamma dose rates in air were medsaneund the Pit Lake, area covered by
Waste rock piles, and in some selected dwellings gardens in nearby village called
Muzbel. Of the total measurements, gamma doseraatged from 0.07-1.07 pGy/h 1 m
above the ground (figure 11) and 0.15-1.76 uGyAheaiground level. The readings obtained
with two different Geiger-Mller counters (automess) were in good agreemenb{S# al.
2011). Thus, the gamma dose rates were found teabgng in different sites, with peak
concentration found at the pit lake and at thedbfhe bed rock deposits where erosion was
evident (Salbu et al. 2012).

x i { e g %o
3170100 {1/ N
‘ 1000nS'h ‘ 500 nS’h . 200 nS/h

Figure 11: Gamma dose rate distribution (1 m) atkbrday site (nGy/h) (Salbu et al. 2011).
Similarly, the gamma dose rate varies as; Pit L@k#1-1.07 pGy/h), waste rock piles (0.7-

1.05 pGy/h, inside rooms (0.131-0.254 uGy/h) andigyas (0.07-0.21 pGy/h). The mean

values of the dose rates measured in differentitot®of kurday are shown in table 2.
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Table 2.Mean Gamma absorbed dose rates in diffeveations in Kurday area (meanz SD)

locations Mean absorbed gamma Range
dose rates (LGy/h)

Pit Lake 0.32 +0.27 0.114-1.07
Waste Rock Piles  1.04 +0.16 0.876-1.226
Inside Rooms 0.24 +0.16 0.131-0.69
Gardens 0.16 +0.03 0.078-0.217

All the surveyed areas showed considerably higheient gamma dose rates, compared
with the average outdoor natural gamma dose ratesdridwide, 0.058 pGy/h (UNSCEAR
2010). The mean gamma dose rate at waste rockwdes found to be the highest and are
referred to as Enhanced Natural Radiation Area (EN&ccording to UNSCEAR (2010).
Though most of the waste rock piles were abandamneldcovered to reduce the background
radiation from the radionuclides materials preskam the former uranium mining and
milling sites, some hot spots were discovered dyitiis study (Salbu et al. 2011). Therefore
it is fair to assume that high dose rates at thsteveock piles are due to the radionuclides
materials from the former uranium mining and mdlisites; mainly, U-238. The high doses
observed might have resulted from Th-232 conterthérocks in waste rock piles sites as
well (Ramli 2009).

The bar diagram (figure 12) shows the variatiorgainma absorbed dose rates measured at
four different areas of Kurday. One way-ANOVA ars$y showed the variation of mean
dose rates for all the four areas investigated.rmban dose rate measured in waste rock piles
was significantly higher §0.05) than that in Pit Lake, inside rooms and irdgas.
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Mean absorbed gamma dose rates (LGy/h)
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Pit Lake Waste Rock Piles Inside Room Gardens

Figure 12: Mean absorbed gamma dose rates at Ksitday

4.2. Effective Gamma Doses

The doses were found to be significant in the Kyrdigea. Table 3 shows the mean and the
range of estimated annual effective doses (mSwnaisg that people would spend 350 hours
per year in the tailing areas, 700 hours in garded 6000 hours per year inside home
(Stegnar et al. 2012). The result of this studywsdw that, except for indoor environment
(inside room), all studied areas had mean effeg@a®mma doses in the range of 0.04-0.43
mSv, lower than the global mean annual effectiveedalue of 0.5 mSv (UNSCEAR 2010).
The highest gamma doses in Kurday area were olisertbe indoor environment (1.4mSv).
The mean annual effective gamma doses estimatet ittee rooms were 3 times higher than
the global value of gamma doses as described byGR (2010). These high doses could
be due to the different building materials in tloaife which contained excessive radionuclide
concentration of U-238 (from former uranium minigites), a potential progenitor of gamma
radiation (Salbu et al. 2011). The geographic sitnaunder which the houses had been
constructed might also be the reason for high gardoses inside the houses. The high
concentration of thoriunf{Th) and potassiunt¥) in the soil under the house could also be
the potential dose contributor to the indoor enwinent in Kurday. It is highlighted that the
results of the present study are the finding ofdoat and indoor exposure situations as

mentioned above.

The box plot with mean connecting lines below (fegd3) further illustrates the variation of

estimated annual effective doses at the differgas sn Kurday areas. The dwelling places
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near the former uranium mining sites and dependendkeir livelihood for water, food or
building materials on and around the site maderésearch more interesting. The possible
times spent by people at/around these high doses arere important to examine to estimate
the doses. If we assume that mean annual effedtise received by an individual spending
his/her 350 hours in a year in waste rock piles wibuld be 1.1 mSv. Similarly, at the same
area, let’'s suppose, spending 6000 hours per yealdwesult in the effective doses of 6.25
mSv. So the assumptions used in this study ardfeptr the Kurday area only, made by
looking at the geographical situation and the ldwahg habits of the people living in those
areas. These estimations reinforce the fact theatikiely doses are unignorable. One way-
ANOVA test showed a statistically significant diéece (p0.05) among the studied areas.
Table 3: Annual effective doses (mSv) in differedations in Kurday areas

Locations Doses (meanzx SD) Range
Pit Lake 0.31+0.26 0.11-1.07
Waste Rock Piles 0.36+0.05 0.31-0.43
Inside Room 1.40£1.80 0.14-4.14
Gardens 0.11+0.02 0.05-0.15

A Boxplot of annual effective doses at Kurday area
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Figure 13: A box plot of annual effective gammaetom Kurday areas.
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4.3. Radon t%°Rn) Concentration and Doses

At the kurday site, radorf€Rn) concentrations were measured at the pit lake¢he area
covered by waste rock piles and in the selectedllithge and gardens in the nearest
settlement area of Muzbel (Salbu et al. 2011). Hanethe data from the selected dwellings
and gardens from the Muzbel area were used for dlssertation. Based on the total
measurements, the Rn concentrations ranged frot270-Bg/ni indoors and from 30-90
Bg/m® in the gardens. In general, the radon concenmsticaried according to the sites
investigated. Peak radon concentration were foanthé living rooms and bedrooms of 2
selected houses, indicating very high radiationeddg@round 25 mSv/y) in dwellings with
radon concentration exceeding 1000 BY/Apart from the values of these two houses, the
average Rn concentration was 185 Byfar dwellings (including two rooms from a school).
The corresponding annual doses due to Rn and ai$ bhed decay products ranged from
0.18 to 7.13 mSv, with an average value of 3.91 m3ugure 14 and 15 further illustrate the
comparison of radon concentrations and doses derelit location of Kurday area
respectively.

According to ICRP (1993), the recommended levelificloor radon concentration was 200-
600 Bg/nt while the intervention level for indoor annual efige gamma dose was set at 3-
10 mSv/y. The upper limit of indoor radon concetivrawas later lowered to 400 Bqjimy
ICRP (2009). Our investigation for this study fasthb concentration and annual effective
doses lied within the range of corresponding recenmmhation and intervention level of ICRP
(1993) and ICRP (2009). However, our mean conceotrafor indoor radon value,
174.11Bg/m, was found to be much higher than the value foball average indoor radon 40
Bg/m® (UNSCEAR 2000). Similarly, the average outdoorormdoncentration was found to
be 50 Bg/m which is fairly much higher than those reporteddifferent countries; Hong
Kong 9.3 Bg/ni (Chan et al. 2000), Korea 17 Bg/fChung et al. 1998), New Mexico 12.5
Bg/m® and global 10 Bg/f(UNSCEAR 1993; UNSCEAR 2006 ).

Table 4: Mean concentration and doses of Rn anid tloeresponding ranges in different

locations

Locations Mean conc + SDRange of conc Mean doses + Range of doses
(Bg/m®) SD (mSvly)

Inside rooms 174.11+86.10 70-330 3.91+1.80 0.18-7.1

Gardens 50+19.92 30-90 0.13+0.05 0.08-0.23
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Figure 14: Radon concentrations at Kurday area.
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Figure 15: Radon doses at Kurday area.

4.5. Comparison of Radon and Gamma doses

The linear regression model for indoor gamma dostesvs. Indoor radon concentration and
outdoor gamma dose rate vs. Outdoor radon conditiere obtained as shown in figure 16
and 17 respectively. It was examined because radogeny (Pb-214 and Bi-214) give off
gamma radiations of various energies (Pfennind. &t998). It was noted that the regression
line in case of gamma-radon analysis for both imdo@ outdoor condition had similaf R
values and $<0.05, which could be due to almost equal numbergamima rays by their
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progenies. Nevertheless, in both cases, gamma datesnay not be solely related to the
presence of radon in the indoor or outdoor conuiitidt is because the measured gamma dose

rates were also contributed by the presence of otlndides in the Kurday area.

The box plot of doses (gamma and radon) at variocations in Kurday site (figure 18)
further illustrates the significance of gamma aradion doses in indoor and outdoor
conditions.

A Linear Regression Model
gamma dose rate (UGy/h) = - 0.1470 + 0.002115 Radoacentration (Bg/m3)

0.7 S 0.0866490
3 R-Sq 76.8%
R-Sq(adj) 75.0%

Indoor gamma dose rate (uGy/h)

T T T T T T
100 150 200 250 300 350
Radon concentration (Bg/m3)

Figure 16: A Linear Regression Model of gamma dase radon concentration (indoor) in
Kurday area.
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A Linear Regression Model
gamma dose rate (UGy/h) = 0.08190 + 0.001490 R&Ba/ m3)

S 0.0173495
R-Sq 75.7%
R-Sq(adj) 73.8%
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Figure 17: A Linear Regression Model of gamma d@édoor) and radon concentration

(outdoor) in Kurday area.

Boxplot of gamma and radon doses
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Figure 18: A box plot of annual effective doseggamma and radon at different locations in

Kurday area.
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4.6. Uranium in Drinking Water

The mean concentration of uranium in drinking wétem Muzbel dwelling area was found
to be 26ug/L,with a range of 11.3-33.3g/L. The level of total uranium concentrations in
both drinking water and surface water were highantthe provisional guidelines for U in
drinking water as recommended by World Health Oiggtions (2004). The U
concentrations were also higher than the valuesrieg for drinking water at a number of
mining sites in other countries, for example in MailuuSuu area in Kyrgyzstan, ranging
from 1.9 to 7.1ug/L and 0.37 - 3.1g/L (Vandenhoveet al. 2006), in Italy ranging frén92

to 8.27ug/L (Guogang & Gionacarlo 2008), in Germany randimgn 0.1 to 11ug/L (Gans
1985), and in India ranging from 1.08 t019.68/L (Singh et al 2008). The level was,
however, comparable to the concentration level ntegoby Gans (1985) in France (0.6-77
ug/L) but was found to be exceeding the US maximemmitted level for drinking water of
30 ug/L provided by U.S Environmental Protection Ager(@@10). Similarly, the annual
effective doses in the well water ranged from 3®1quSv, which was below the reference

level of the committed effective dose (1@®v/y) for drinking water.

4.7. Total Doses

The highest dose contribution to human was obtaifreed indoor radon concentration in the

houses of Kurday area. The dose from indoor ganamiation was also significant while the

dose from drinking water of Kurday area was qude I(within the recommended level)

compared to radon and gamma radiation. Total iddai doses estimated was 6.31 mSvly,
which was comparable to those of other uraniumdegdtes. According to Sohrabi (1998),

the Kurday area can be regarded as the mediumnataal radiation area (MLNRA).

The technogenic contribution has attributed to ékernal doses (gamma and radon) from
the former uranium sites, and the indoor dosesdctialve been due to the radioactive
materials used for the construct purposes (Salal 2011). However, the dose from gamma,
radon and drinking water were calculated on theshafsassumption specific for the Kurday
area. As for example, any individual spending naisthe times in the indoor environment
was assumed to have acquired more doses ratherothan people who spend their time
outdoor, despite the high outdoor gamma dose ratehagh outdoor radon concentration as
well. But practically speaking, the living habitsindividual differ from students or farmers

to employers working outdoors. So, the actual deseived by an individual might be

34



different from the dose estimated in this dissentatThe distribution of dose from gamma,
radon and drinking water is illustrated by figu@ 1

B Gamma (mSv/y)
M Radon (mSv/y)

B Drinking water (mSv/y)

Figure 19: Distribution of radiation doses at Kyrdall based on actual data— measurements)

4.8. Comparison of Doses in Kazakhstan and Tajikian

The doses from Gamma radiation and radon were ddatined from the similar conditions

(locations) in Kurday, Kazakhstan and Tabosharki&gn (Brit et al. 2011). Annual gamma

dose of Tajikistan (Taboshar) and Kazakhstan (Kgrelgere analyzed very low with nearly

same values (around 0.6 mSv). Whereas, the anfiigztiee doses of outdoor radon in

Taboshar exceeded the value from that in Kurdayugh, the value for outdoor radon in

Taboshar was found to be around 5 times higher thanfor Kurday, both the values are
comparable to the global average indoor radon db%€l5mSv (UNSCEAR 2010). The high

doses of outdoor radon might be because of theidafaboshar obtained from the tailing

sites whereas the outdoor radon of Kurday was fyarden of houses.

Similarly, the mean annual effective doses of inddon in Kurday were found to be

slightly higher than that for Taboshar. Meanwhtilee dose for indoor gamma in taboshar
were found to be comparable with the dose from Kyrthowever, the peak values in Kurday
were found to be about double the peak values bodizar. In general, the total outdoor
doses (radon and gamma) in Taboshar site wererttighie that at Kurday site. However, the
total indoor doses (gamma and radon) were in theegange to compare for as illustrated in
table 5.
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Similarly, the total dose of Taboshar (7.53 mSvywaher than that of Kurday (6.31 mSv).
However, the doses from both the places never decethe limit of 30 mSv per year (figure
20), above which the intervention might be requii@tkgnar et al. 2012).

Table 5: Comparison of gamma and radon doses irdd§pirKazakhstan and Tabshar,

Tajikistan.

Locations Gamma(mSvly) Radon (mSvly)
Outdoor (Tajikistan) 0.63 0.58

Indoor (Tajikistan) 0.2-2.6 3.48

Outdoor (Kazakhstan) 0.58 0.13

Indoor (Kazakhstan) 1.40 (0.14-4.14) 3.91

mSv in a year V.

&L fﬁ\
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1,000

INTERVENTION |
a00 [ AUMOSTAIWAYS REQUIRED.

100
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10
TABOSHAR: 7.54 mSvly
KURDAY: 6.31mSvly
3 INTERVENTION
USUALLY NOT
N REQUIRED

Figure 20: Dose received by an individual in Kurdawyl Taboshar (Stegnar 2011).
4.8. Radiological risk to human:

The radiation doses in the uranium legacy sitegdtigated in kurday, Kazakhstan were
found to be considerable; therefore, the risk @asseat of human in this area is important.
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The radiological risk can be considered low asréttation doses never exceeded the limit of
30 mSv per year (Stegnar et al. 2012). Assumingthigaaverage individual annual radiation
dose of 6.31 mSv to 3000 people in Kurday, this ldi@asult in a probability of developing
one cancerous case attributable to ionizing rafiatat a risk factor of 5x10per Sv (ICRP
103 2007). It is important to consider the largeartainties in this estimation because the
risk estimates used here are not factual since Werg derived from the extrapolation of
cancer risk observed from acute high dose type.d¥ew the exposure situation in Kurday is
of low dose type, therefore, the above risk esemathould be interpreted accordingly
(European Commission 2001; US EPA 1999b).
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5. CONCLUSIONS

The present study showed that the uranium legaeg snvestigated in Kurday area of
Kazakhstan gives contamination of the living enmim@nt by gamma radiation and radon
exposure in air, and uranium in drinking water. loer, the dose from gamma and radon
exposure and that from drinking water was gener&ly, implying a relatively low
radiological risk. The total doses to man was dated to 6.31 mSv/y. The doses increase
with to the internal gamma radiation because of ib#gding materials obtained from the
former uranium mining site including the radioaetiwaste deposits, and to the ind&BRn
levels. However, in many locations, radiation relear from gamma radiation, indoor radon
(***Rn) and its short lived progenies exceeded therat®nal standards. The total doses
require no actual remedial action but some courdgasures, like ventilation of houses, can
necessary be applied to further lower exposurada@tion due to radon indoor. In future, the
use of radioactive materials in houses and in mglansulation from the former U mining
sites and waste rock piles should be forbidden.il&ily, the concentration of uranium in
water from the Pit Lake and the artesian well ededehe WHO guideline value and the U.S
Environmental Protection Agency (2010) recommencheximum levels in drinking water

so this water should not be for drinking purposes.

The excess cancer risk among the population oKtlrday area was estimated to be one for
a population of three thousand. However, the realissk estimation for the human is not

without limitations. So, on the basis of the finginfrom this study, based on the data
provided from the NATO RESCA and JNKKT projectcén be recommended that the high
doses areas in Kurday site require some counteuresas order to reduce the probability of

human stochastic effects by limiting the publice®as low as reasonably achievable.
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APPENDIX

Table A: Gamma dose rates in the area covered btewack piles in Kurday

Number of Dose, uGy / hour
Rn- Coordinates H.’ " Om
dosimeters altitude 1m
661178-4 43°17'43,3" 990 1.051 0.876
(on the rock) 74°55'15,6"
661440-8 4%17'43,9" 980 0.701 1.121
74°55'15,2"
661460-6 4317'43,4" 994 0.876 0.946
74°55'15,1"
661196-6 4317'41,7" 1019 0.788 1.226
74°55'15,8"
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Table B: Gamma Dose Rates in and around the RititaKurday.

Locations Coordinates altitude(m) Dose uGy/h
1
N E H m Om

Outside Deag

Lake 4317371 7455412 0.225 0.27
Grid system 4317338 7455064 1065 0.18 0.185
Grid system 4317320 7455054 1069 |0.185 0.18
Grid system 4317360 7455068 1071 | 0.219 0.219
Grid system 4317332 7455085 1072 | 0.135 0.18
Grid system 4317345 7455096 1072 0.16 0.18
Grid system 431731 7455074 1072 0.24 0.212
Grid system 4317328 7455107 1072 |0.161 0.18
Grid system 43173224 7455127 1078 | 0.175 0.151
Grid system 431733} 7455138 1078 | 0.165 0.151
Grid system 431733} 7455138 1070 |0.165 0.171
Grid system 4317309 7456118 1081 0.26 0.3
Grid system 4317314 7455153 1082 | 0.165 0.175
Grid system 4317331 7455159 1072 0.23 0.23
Grid system 431731 7455149 1082 | 0.195 0.195
Grid system 4317305 7455186 1087 | 0.164 0.164
Grid system 4317298 7455208 1091 0.32 0.284
Grid system 4317288 7455208 1096 0.29 0.3
Grid system 4317315 7455211 1078 | 0.163 0.16
Grid system 4317293 7455231 1095 | 0.305 0.31
Grid system 4317275 7455226 1098 0.37 0.318
Grid system 4317310 7455240 1094 0.26 0.245
Grid system 43172838 7455279 1102 | 0.195 0.185
Grid system 4317444 7455336 1014 0.29 0.3
Grid system 431743 7455165 997 1.07 1.34
Grid system 4317436 745515 990 1.06 1.76
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Grid system 431741 7455158 1022 | 0.789 1.212
Grid system 4317414 7455160 1030 0.99 1.12
Fence Dead Lake 43176737455659 1076 |0.114 0.175
Fence Dead Lake 43176717455684 1082 |0.193 missing
Fence Dead Lake 43177687455635 1066 | 0.149 0.254
Fence Dead Lake 43176617455707 1092 | 0.158 0.131
Fence Dead Lake 43176457455721 1078 | 0.201 0.254
Fence Dead Lake 43176327455735 1077 0.21 0.21
Fence Dead Lake 43176207455762 1060 |0.193 0.228
Fence Dead Lake 43176067455760 1060 |0.201 0.298
Fence Dead Lake 43175857455780 1041 | 0.342 0.578
Small tailing by
fence 4317570 7455823 1017 |0.254 0.219
Small tailing by
fence 431754% 7455835 1039 | 0.639 0.999
Small tailing by
fence 4317539 7455872 1039 | 0.946 1.138
Table C: Gamma dose rates in public buildings ande houses in kurday
Location Co-ordinates Dose pGy/h
(Family name) Base|Om | 1m
H ment
N E (m)
Anshebaev, living room| 438'90,4 | 74°55'98,6 0.14 | 0.16
! ! 8 6 0.158
Garden 0.21
7 0.078
Anikbaev, living room | 4318'52,2| 74°55'53,9| 1146 0.20 | 0.17
) ) 8 3 0.191
bedroom 0.20
0 0.217
Garden 0.19
1 0.156
Balgimbaev, living room| 438'47,8| 74°55'48,7 0.17 | 0.17
! ! 3 0.235
Garden 0.16
6 0.157
Bekbolov living room 4318'52,4| 7455'52,7| 1123 0.19 | 0.148
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Garden 0.16
6 0.113
Dauletbaev, bed room %1m'14,7 | 74°55'52,7| 1032| 0.17
Garden 0.20
0 0.191
Dzhandarbekov, livingro| 43°18'95,3| 74°55'95,8 | 1146 0.17 | 0.17
om " "
Garden 0.37 | 0.19
7 1 0.139
Underground room 0.56
5 0.670
Kardirrulovtalgat, 43°18'90,1| 74°55'94,2| 1122 0.21 | 0.30
bedroom " " 7 6 0.218
Garden 0.17
3 0.173
Kembaev, living room | 43831,6| 74°55'52,7| 1146
Garden 0.20
0 0.148
Kumishbekov, living 43°18'18,0| 74°55'15,6| 1144| 0.13 | 0.12
room " " 9 2 0.131
Garden
Latvirovyakov, room 1 | 4R8'24,2| 74°56'06,0| 1144| 0.21 | 0.19
" " 7 1 0.69
Garden
Mametova 5, outside 483'43,5| 74°56'00,5 0.27 | 0.19
" " 0 6 0.220
Garden 0.23
5 0.217
Ormanov, living room 438'52,2| 74°55'53,9 0.21 | 0.27
" " 7 9 0.254
Garden 0.22
6 0.148
Reksler V.G. living 43°18'14,7| 74’55'52,7| 1133] 0.18 | 0.19
room " " 2 1 0.166
garden
Salsthanbaev,Living 43°18'90,1 | 74°55'94,6 0.16 | 0.15
room " " 6 7 0.182
Garden 0.22
6 0.182
Satinkulov,Living room | 4318'98,8| 74’55'94,8
Garden 0.15
7 0.173
Simbiev,bedroom £38'95.7| 74°55'95,7 | 1123 0.20
" " 8 0.208
Garden 0.20, 0.173
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0

SoltanayevA,Living 43°18'53,0| 74°55'54,4| 1140 0.21 | 0.15
room " " 7 7 0.209

Garden 0.18
2 0.182

Ulkora school, 1 floor 4318'52,7| 74°55'54,4| 1144 0.14
" " 8 0.157

2" floor 0.22 | 0.19
6 1 0.149

Table D: Radon concentrations (20% uncertainty) amtlal effective doses in private

houses and garden from muzbel village of kurdagy sit

Location Start End Period Rn Rn effective
(Family name) (days) Bg/m® | dose
mSv/y
Anshebaev, living room 17.6.06 19.8.08 63 160 3.46
Garden 17.6.06 19.8.08 63 50 0.13
Arikbaev, bedroom 16.6.06 19.8.06 64 113( 24.4
Garden 16.6.06 19.8.06] 64 50 0.13
Balgimbaev, living room 17.6.06 19.8.08 63 260 5.62
Garden 17.6.06 19.8.08] 63 60 0.16
Bekbolov living room 17.6.06 19.8.08| 63 330 7.13
Garden 17.6.06 19.8.08 63 70 0.18
Dauletbaev, bed room 16.6.06 18.8.06 63 210 4.54
Garden 16.6.06 18.8.06] 63 30 0.08
Dzhandarbekov, bedroom| 17.6.06 18.8.06 62 1210 26.1
Garden 17.6.06 18.8.06] 62 40 0.10
Kardirrulovtalgat, bedroom 17.6.06 19.8.08 63 220| .754
Garden 17.6.06 19.8.08 63 50 0.13
Kembaev, bedroom 15.6.06 18.8.06 64 170 3.67
Kumishbekov, bedroom 15.6.06 18.8.06 64 130 2.80
Garden 15.6.06 18.8.06| 64 80 0.21
Latvirovyakov, room 1 15.6.06 18.8.06 64 140 3.02
Garden 15.6.06 18.8.06] 64 90 0.23
Mametova 5 17.6.06 19.8.08 63 missing
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Garden 17.6.06 19.8.08] 63 30 0.08
Ormanov, living room 17.6.06 19.8.08 63 220 4.75
Garden 17.6.06 19.8.08 63 30 0.08
Reksler V.G. living room 16.6.06 19.8.08 64 330 37.1

garden 16.6.06 19.8.08] 64 70 0.18
Salsthanbaev,Living room| 17.6.06 19.8.0 63 180, 93.8
Garden 17.6.06 19.8.08] 63 30 0.08
Satinkulov,Living room 17.6.06 19.8.08] 63 150 3.24
Garden 17.6.06 19.8.08 63 30 0.08
Simbiev,bedroom 16.6.06 19.8.08 64 180 3.89
Garden 16.6.06 19.8.08| 64 50 0.13
SoltanayevA,Living room | 16.6.06 19.8.08 64 140 3.02
Garden 16.6.06 19.8.08] 64 40 0.10
Ulkora school,1 floor 17.6.06 | 19.8.08 | 63 70 1.51

2" floor, outside 17.6.06 19.8.08) 63 70 0.18

52




	first page of masters thesis
	bragge

	Tittel: assessment of gamma and radon in the kurday                      mining site, kazakhstan.
	Navn: uddav pandey
	Institutt for: Department of PLANT AND ENVIRONMENTAL SCIENCES
Master Thesis: 60 credits, 2012


