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As part of monitoring the exposure of the general public to natural radioactivity, the activity
concentration of naturally occurring radionuclides in soil samples in an elevated radiation
background area of Western Ghats was determined using gamma-ray spectrometry. Average
values of the activity concentration of radionuclides, outdoor terrestrial gamma dose rate, an-
nual effective dose equivalent and radiation hazard indices from soil activity were estimated.
The activity concentrations of 232Th and average outdoor terrestrial gamma dose rate were
found to be higher than the world average, possibly affecting the Western Ghats environment
in general. Therefore, radiological risks to the general population from ionizing radiation
from the naturally occurring radionuclides in the soil are considered to be significant. How-
ever, other radiological hazard indices were found to be within permissible limits.
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INTRODUCTION

Natural radionuclides in soil are responsible for
the background radiation exposure of the population.
Exposure to gamma radiation is mostly regarded as
undesirable at every level, although no harmful effects
are known to follow very low levels of exposure. Re-
cently, considerable attention has been given to
low-level exposure arising from naturally occurring
radionuclides, particularly 238U, 232Th, their decay
products, and “°K. Natural radioactive concentration
depends mainly on geological and geographical con-
ditions and appears at different levels in soils from dif-
ferent geological regions [1] . e., thorium and uranium
may be redistributed during igneous, sedimentary and
metamorphic cycles of geological evolution which,
under favorable geological processes, might result in
small concentrations of deposits. The study of radioac-
tive components in soils is a major link in understand-
ing the behaviour of radioactivity in the ecosystem,
because these materials emit radiation by the disinte-
gration of natural radionuclides and contribute to the
total absorbed dose via ingestion, inhalation and exter-
nal irradiation [2]. Also, soil acts as a source of contin-
uous radiation exposure of humans and as a medium of
migration for the transfer of radionuclides to biologi-
cal systems, causing radiological contamination of the
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environment. In addition to natural sources, soil ra-
dioactivity is also affected by man-made activities.
The sources of radioactivity in cultivated soils are
mainly due to the extensive use of agricultural fertiliz-
ers, rich in phosphates. The concentration of uranium
and partial thorium are on the increase in the environ-
ment due to these fertilizers. Usually fertilizers are
considered as a technologically enhanced source of
natural radiation [3]. Hence, soil radioactivity is usu-
ally important for the purpose of establishing baseline
data for future assessment of radiation impact, radia-
tion protection, and studies.

MATERIALS AND METHODS

Study area

Available information indicates that the deposits
of monazite in the coastal areas of Kerala and Tamil
Nadu are formed due to the weathering of rocks in
Western Ghats. Monazite sands consist of phosphate
minerals of elements such as cerium which occur as
small brown crystals in the Kerala sands (these
monazite sands are mined for both cerium and radioac-
tive thorium oxide). They originate in the granites and
gneisses of the Western Ghats and are transported to
the coast by more than 47 streams that indent the
Kerala coastline [4], as shown in fig. 1.
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The soils analyzed were collected at elevations
of between 2000 m and 2400 m: the Nilgiri Highlands,
Tamil Nadu, South India, situated between 11°00' and
11°30'N and between 76°00' and 77°30' E. The Nilgiri
massif is located at the junction between the Eastern
and Western Ghats and is bounded by abrupt slopes.
The study area is shown in fig. 2. Vegetation above
2000 m in the highlands is a mosaic of high elevation
evergreen forests, locally called “shola”, and grass-
lands with different compositions of flora, including
C4 grasses [5, 6].
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Figure 1. Distribution
of Monazite sand along

(Tibet)
the Kerala coast

Soil sampling and preparation

The study area was divided into a 4 km grid, with
soil samples collected from 25 sampling points in the
natural, uncultivated, and grass-covered level areas
within the grid, conforming to International Atomic
Energy Agency recommendations — IAEA 1989 [7].
The 25 sampling points followed a zig-zag pattern.
Five 20-cm-deep samples were collected at equal dis-
tances along a 1 m circle around the center of each
sampling point. This sampling method was used to im-
prove the representativeness of the samples. The posi-
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Figure 2. Study area: Nilgiris district
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tion and elevation of each sampling point was deter-
mined using a global positioning system.

The soil samples were transported to the laboratory
where plant roots and other unwanted materials were
removed. The samples were then dried in an oven at
105 °C for 12-24 h, ground, and passed through a2
mm sieve. About400 g of dry sample was weighed into a
plastic container which was capped and sealed. The con-
tainer was sealed to ensure that none of the daughter
products of uranium and thorium that were produced,
particularly radon and thoron, could escape. The pre-
pared samples were stored for 1 month before counting,
to ensure that the equilibrium between radium and its
short-lived daughters had been established. Detailed
gamma-ray spectrometry analysis was performed on the
soil samples.

Activity determination

The samples were analyzed using a Nal(Tl)
spectrometer coupled with a TNIPCAII Ortec model
8K multi-channel analyzer. The >*?Th-series, 238U-se-
ries, and “°K activities were estimated, as were the
amounts of the said radionuclides that would enter the
air from the soil. A 3 inch x 3 inch Nal(Tl) detector
was used, with adequate lead shielding, reducing the
background by a factor of 95. The energies of interest
were found by employing an International Atomic En-
ergy Agency standard source and the appropriate ge-
ometry. The system was calibrated in terms of both en-
ergy response and counting efficiency. The density of
the sample used for the calibration was 1.3 g/cm?
which was the same as the mean density of the soil
samples analyzed (1.24 g/cm?). The detector was very
well shielded, and the counting time was 20.000 s for
each sample. The minimum detectable concentrations,
defined as 3o ( standard deviation), were 7 Bq/kg for
the 232Th-series, 8.4 Bq/kg for the 23¥U-series, and
13.2 Bg/kg for 4°K.

The concentrations of radionuclides of interest
were determined using the counting spectrum for
each sample. Peaks corresponding to 1.46 MeV (*’K),
1.76 MeV (*'“Bi), and 2.614 MeV (*°*T1) were consid-
ered when evaluating the “°K, 23%U-series, and
232Th-series activities, respectively. Crystal detector
resolution was 6% for “°K, 4.4% for the 2*2Th-series,
and 5.5% for the 2*¥U-series. Gamma-ray spectrum
activities for each soil sample were analyzed using
dedicated software and references were chosen so as
to achieve sufficient discrimination.

In addition to gamma-ray spectrometric analy-
sis, alow-level survey environmental radiation dosim-
eter-ERD (type ER 705; Nucleonic System PVT Ltd.,
Hyderabad, India) was used to measure ambient radia-
tion levels in the study areas directly associated with
radionuclide activity concentrations in the samples
and cosmic rays. The dosimeter had a halo-

gen-quenched Geiger-Miiller detector (Ind. Inc.,
USA) powered by a rechargeable battery and was de-
signed to read the exposure rate at two levels, 0.1 uR/h
and 1 puR/h. Before use, the dosimeter was calibrated
using a standard source. Outdoor terrestrial gamma
dose rates were measured at 1 mabove the ground by a
portable digital ERD at all of the sampling sites. A to-
tal of five readings were recorded at each spot and the
average taken.

Estimation of absorbed dose rate

Radiological risks to the humans and other enti-
ties from terrestrial gamma rays and associated with
absorbed dose from the natural radionuclides in the
soil are considered to be significant. The assessment of
the gamma radiation hazard to humans associated with
building materials can be done by calculating the dif-
ferent radiation hazard indices [8]. The absorbed dose
rate D [nGyh™'] due to terrestrial gamma rays at one
meter above the ground level can be estimated by the
concentrations of 233U, 232Th, and *°K by applying
factors 0.462, 0.604, and 0.0417 for uranium, thorium,
and potassium, respectively [1].

D =(0462C, +0.604Cy, +00417C,) (1)

where D [nGyh'] is the absorbed dose rate, Cy
[Bgkg '], Cry [Bgkg '], and Cx [Bqkg '] are the activ-
ity concentrations of 281, #2Th, and *°K in soil sam-
ples, respectively.

Annual effective dose rates

To estimate the annual effective dose rates, the
conversion coefficient from the absorbed dose in air to
the effective dose 0.7 Sv/Gy and the indoor occupancy
factor of 0.2 proposed by UNSCEAR, 2008, were cal-
culated. Thus, annual effective doses were determined
as follows [8]

Annual effective dose (outdoor) [uSv] =
= D [nGyh™']-8760 [h]-0.7 [SvGy']-0.2-1073 (2)

Annual effective dose (indoor) [uSv] =
= D [nGyh']-8760 [h]-0.7[SvGy']-0.8-107 (3)

Calculation of radium equivalent

The radium equivalent index, Ra,, is generally
introduced as the weighed sum of 38U, 2%ZTh, and “K
activities based on the assumption that 10 Bg/kg of
238U, 7 Bq/kg of 32Th, and 130 Bq/kg of *°K will pro-
duce the same dose rates of gamma rays. Values of
Ra,, were calculated using eq. [9]
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Ra,, [Bakg '1=(Cy +143Cy, +0077Cx) (4)

where Cy, Crp, and Ck are defined as in eq. 1.

External hazard index

The consideration of the external radiation expo-
sure is usually associated with gamma radiation emit-
ted by radionuclides of concern. The value of the Haz-
ard index should be below one in order to assure the
safe use of building materials corresponding to the up-
per limitof Ra,, (370 Bg/kg) and so as to keep the radi-
ation hazard insignificant [8]

o = Cu +7CTh + Ck <1 (5)
370 259 4810

= Cu +7CTh + Ck <1 (6)
185 259 4810

where, Cy, Cry, and Cy are defined as in eq. 1

Radioactivity level index

Gamma radiation hazardous levels associated
with natural radionuclides in the building material
samples were assessed by means of the radioactivity
level index, Z,. In accordance with the European Com-
mission guidelines, the representative level of 7, val-
ues was estimated according to the equation [10]

I, = ! Cy+ ! Cr +
150Bq / kg 100Bq / kg %)
1

+——Cg
1500Bq / kg

where, Cy, Cry, and Cy are defined as in eq. 1
Excess Life time Cancer Risk (ELCR): ELCR is
calculated using the equation [11]

ELC = AEDE-DL-RF (8)

where, AEDE, DL, and RF are the total annual effec-
tive dose equivalent [uSv], duration of life (70 years)
and risk factor [Sv '] (fatal cancer risk per sievert) for
stochastic effects. ICRP 60 uses values of 0.05 for the
public [11].

RESULTS AND DISCUSSION

Activity concentrations of natural radio-
nuclides (>*8U, 232Th, and %°K) for all samples were
determined, as shown in tab. 1. Mean activity con-
centrations for 238U, 232Th, and “°K ranges were as
follows: 12.36-85.81 Bq/kg with an average of 36.31

+ 17.3 Bqg/kg, 30.28-204.11 Bq/kg, with an average
0f107.77 £50.4 Bq/kg and 83.12-411.56 Bq/kg with
an average of 231.93 £ 79.4 Bq/kg, respectively. At
all sampling sites, the mean activity concentration is
of the order 232Th < 238U < “40K. At a few of the sites,
the activity concentration of 23U and #°K is high,
which may be due to the solubility and mobility of
U(VD)O,**, or the presence of loamy and clay sedi-
ment and extensive use of fertilizers for agricultural
purposes rich in phosphates [12]. The concentrations
of 238U for all measured samples were within the
world average values, but the average value of °K in
Western Ghats was observed to be lower than the
world average (world average value of 238U and “°K
is 32 Bq/kg and 412 Bq/kg, respectively). However,
according to UNSCEAR (2008), the global 23’Th
activity concentration range is 7-50 Bq/kg (mean 45
Bg/kg). The measured 23>Th activity concentration in
our study area was 2.5 times higher than the global
mean, indicating the presence of monazite at that
sampling site.

The terrestrial gamma-ray dose rate in the study
area ranged from 20.67 to 992.67 nGy/h, while the
mean was 133.33 + 183 nGy/h, but the calculated ab-
sorbed dose rates ranged from 39.11 nGy/h to 153.40
nGy/h, with an average of 91.54 + 34 nGy/h that ex-
ceeds the world average value of 56 nGy/h [1]. Thus,
the 23 Th-series contributed with a 71% of the total
gamma-ray dose to the environment, whereas the
238U-series and “°K contributed with 19% and 10% of
the total gamma-ray dose. World studies indicate an
average outdoor terrestrial gamma dose rate of 60
nGy/h, ranging from 10 to 200 nGy/h [12].

The present study shows that the average terres-
trial gamma dose rate is 133.33 nGy/h which is higher
than the world average. The gamma radiation level is
directly associated with radionuclide activity concen-
trations in the samples and with cosmic rays [12]. The
observed gamma-ray dose rate contributed by more
than 50% to the dose calculated from soil activities and
the difference may be attributed to the cosmic radia-
tion contribution to the total dose of the Western Ghats
environment, situated 2400 m above sea level.

The calculated indoor and outdoor AEDE values
are quoted in tab. 1. The average, minimum and maxi-
mum values for outdoor and indoor were found to be
112.3£42uSv, 47.96 uSv, and 203.77 uSv, respectively,
and 449.06 £ 167 uSv, 247.03 uSv, and 815.09 uSy, re-
spectively.

The values of indoor and outdoor AEDE pre-
sented are higher than the world average values
(70 uSv per year for Indoor, 410 uSv per year for Out-
door), which can be attributed to the higher activity
concentration of 23Th. The outcomes of external and
internal radiation hazard indices are shown in tab. 2; in
soil, the average values of external and internal hazard
indices were found tobe 0.56+0.2 and 0.66 +0.24, re-
spectively.
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Table 1. Activity concentration of radionuclides and corresponding dose rates for different soil samples

Activity concentration [Bqkg '] Absorbed Observed AEDE [uSv]
Locations dose rate dose rate
2y 2Th K [nGyh™] (ERD)I Outdoor Indoor Total
[nGyh™]
L-1 36.34+3.1 | 57.32+5.5 | 303.56+22.8 64.07 88.49 78.57 314.30 392.87
L-2 1826 +3.5 | 7591+6.4 | 276.37+20.9 65.81 66.52 80.71 322.84 403.55
L-3 22.34+4.2 | 93.28+7.5 | 129.89+16.7 72.08 69.93 88.40 353.59 441.99
L-4 2545+29 | 72.45+6.2 | 285.45+18.3 67.42 111.30 82.69 330.74 413.43
L-5 85.81£6.2 | 126.08+6.3| 299.45+21.8 128.28 108.13 157.33 629.31 786.64
L-6 55.65+4.4 |204.11£9.3] 411.56+21.6 166.15 132.98 203.77 815.09 1018.86
L-7 3547+2.8 |12735+£6.5| 229.34+19.1 102.87 176.58 126.16 504.64 630.80
L-8 4556 +£3.7 | 169.87+7 | 138.12£12.3 129.41 109.31 158.71 634.83 793.54
L-9 2648 +2.6 | 88.28+6.9 | 319.54+20.5 78.88 137.85 96.74 386.95 483.69
L-10 3236+2.6 | 56.76 £5.7 | 237.56+19.5 59.14 83.49 72.53 290.12 362.64
L-11 46.83+£3.9 | 73.26+5.2 | 350.67 £19.8 80.51 61.61 98.73 394.94 493.67
L-12 3426+2.6 |134.14+£9.1| 246.67+21.7 107.13 71.10 131.39 525.56 656.95
L-13 50.02+5.6 |113.39+8.4| 225.89+18.3 101.02 114.04 123.89 495.55 619.43
L-14 3534+4.2 | 30.28+5.1 | 107.65+13.6 39.11 106.14 47.96 191.83 239.79
L-15 45.17+4.3 | 3588+5.2 | 18745+16.4 50.36 39.76 61.76 247.03 308.79
L-16 30.31 £3.8 220.76 £ 11.1] 14521 +18.4 153.40 51.10 188.13 752.51 940.63
L-17 12.65+2.1 |139.56£8.1| 83.12+114 93.60 165.33 114.80 459.19 573.98
L-18 36.78 +4.2 |117.56 £6.8 | 339.56 £23.5 102.16 101.36 125.29 501.15 626.43
L-19 25.03+3.2 | 50.89+5.6 | 254.67+18.3 52.92 20.67 64.90 259.61 324.51
L-20 37.34+2.8 | 60.58 £7.8 | 195.67£14.5 62.00 96.43 76.04 304.15 380.19
L-21 4245+3.7 |164.67+£9.3| 257.12+19.6 129.79 64.46 159.18 636.72 795.90
L-22 73.32+4.6 1163.40+£9.1| 220.78 +18.9 141.77 138.19 173.87 695.49 869.36
L-23 1236 +2.3 | 97.23+8 164.88 +13.3 71.31 148.97 87.46 349.83 437.29
L-24 20.67+3.6 |119.45+9.3| 110.78 +15.4 86.32 76.73 105.86 423.44 529.30
L-25 21.51+4.1 |101.78 £9.5| 277.36 £17.5 82.98 992.67 101.77 407.06 508.83
Mean+o | 36.3£17.3 |107.8+£50.4| 231.9+84.3 91.54+34 | 1333+183 | 112.3£42 | 449.1 £167 | 561.8 £208

o = standard deviation

Radium-equivalent activities (Ra,y) and the rep-
resentative level index values /., were calculated using
the formula given in egs. 3 and 5. Based on the annual
external dose of 1.5 mGy, activity limits in terms of
(Ra,y) and , are 370 Bq/kg and 1, respectively, for the
safe use of soil products. It has been observed that the
mean radium equivalent activity and the representa-
tive level index values were 208.28 6 = 79.4 Bq/kg and
1.47 £ 0.55 Bqg/kg, respectively, as shown in tab. 2.
The Ra, values were much higher in the terrestrial en-
vironment, mainly because of the use of fertilizers rich
in phosphates at the agricultural sites [3]. Phosphate
rocks contain significant concentrations of U, Th, Ra,
and their decay products [13]. Hazard indices of all
site samples were found to be less than Unity (the per-
missible level) [14].

Excess life time cancer risk (ELCR) is calculated us-
ing eq. 5, as shown in tab. 2. The range of ELCR is
0.17-10t0 0.71-1073, with an average of 0.39 +0.15-107>.
The average ELCR for all samples is marginally higher than
the world average (0.29 -1073). It may be noted that ELCR
for Western Ghats is far lower than the ICRP [15] pre-
scribed value of 0.05. According to these results, the risk of
cancer is found to be negligible.

Comparison of observed activity
concentrations with those found in
similar studies

The 238U, 232Th, and “K activity concentrations,
Ra,,, and /, for the terrestrial samples, were compared
with the values established in similar studies in other
countries and the results summarized in tab. 3.

As can be seen from tab. 3, the radioactivity
found in terrestrial soils varies from country to coun-
try. It is important to note that the values shown are not
representative of the countries mentioned; they pertain
to the geological regions in which these samples were
collected.

CONCLUSIONS

Mean activity concentrations of soil samples
collected from the terrestrial environment of Western
Ghats were found to be within the world and Indian
average values. However, activity concentration val-
ues of 32Th were found to belong to the higher end of
the world range. The average outdoor terrestrial
gamma dose rate was found to be higher than the world
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Table 2. Radiological parameters for the soil samples

Radium equivalent Hazard indices Activity utilization
Locations Rag, index ELCR-107*
[Bakg '] He H, L
L-1 141.68 0.38 0.48 1.02 0.28
L-2 148.09 0.40 0.45 1.07 0.28
L-3 165.73 0.45 0.51 1.17 0.31
L-4 151.03 0.41 0.48 1.08 0.29
L-5 289.16 0.78 1.01 2.03 0.55
L-6 379.22 1.02 1.17 2.69 0.71
L-7 235.24 0.64 0.73 1.66 0.44
L-8 299.11 0.81 0.93 2.09 0.56
L-9 177.32 0.48 0.55 1.27 0.34
L-10 131.82 0.36 0.44 0.94 0.25
L-11 178.59 0.48 0.61 1.28 0.35
L-12 245.07 0.66 0.75 1.73 0.46
L-13 229.56 0.62 0.76 1.62 0.43
L-14 86.93 0.23 0.33 0.61 0.17
L-15 11091 0.30 0.42 0.78 0.22
L-16 357.18 0.96 1.05 2.51 0.66
L-17 218.62 0.59 0.62 1.54 0.40
L-18 231.04 0.62 0.72 1.65 0.44
L-19 117.41 0.32 0.38 0.85 0.23
L-20 139.04 0.38 0.48 0.99 0.27
L-21 297.73 0.80 0.92 2.10 0.56
L-22 323.98 0.87 1.07 2.27 0.61
L-23 164.09 0.44 0.48 1.16 0.31
L-24 200.01 0.54 0.60 1.41 0.37
L-25 188.41 0.51 0.57 1.35 0.36
Mean + o 208.3+79.4 0.56 £0.2 0.66 £ 0.24 1.47 +0.55 0.39+£0.15
Table 3. Comparison of activity concentrations with those found in similar studies
. -1
Country g ACHV;?;T[E gkg ] g [Blélig’l] I Reference
Western Ghats 26.26 53.61 231.93 118.6 1.47 This study
India 64 93 124 206.5 1.4 Singh et al., [16]
Algeria 47.01 43 329 132 0.95 Wassila et al., [17]
Brazil 1.69 5.32 34.15 12 0.1 Becegato et al., [18]
Egypt 13.7 12.3 1233 126.2 1.04 Ahmed et al., [19]
Pakistan 27.39 31.16 602.77 142.71 1.02 Akhtar et al., [20]
average and, thus, the Western Ghats region should be ACKNOWLEDGEMENTS

classified as an under-elevated background radiation
region of the world. It should also be noted that the cal-
culated activity utilization index was also found to ex-
ceed the recommended safe limit values. This implies
that the inhabitants of the study area are subjected to a
radiation exposure significantly higher than the corre-
sponding exposure levels reported in other areas world
wide. In spite of all this, other calculated radiological
hazard indices were within the acceptable limits
(Safety Limit). I should be pointed out that the results
of our measurements will also serve as an excellent
baseline data and as a reference level for soil samples
from Western Ghats.
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II. K. MAHUTAHIOAH, b. YAHJAP IIEKAP

MEPEIE PAINOAKTUBHOCTH Y 3AITATHOM TATY -
OBJACTU CA NOBUIIEHUM HUBOOM IIPUPOJHE PAIMOAKTUBHOCTU

Kao feo MoHUTOpHHTA H3/1arama MomyIanije IpupoOgHOj pafHOaKTHBHOCTH, YIIOTPeOOM raMa
CrekTpoMeTpHje OfpeheHa je KOHIEHTpalija aKTHBHOCTH NPUPOJHAX PaHOHYKIMAA Y y30pLMMa
3emsbuinTa 061acTi 3anagHor I'ata Koja MMa MOBHIICH HUBO IPUPOJHOT 3paueka. IIpoceuna BpeHOCT
KOHI[CHTPAIUje aKTHBHOCTH OBHX PajHOHYKINA, CHOJbAlllba jadiHa 03¢ TaMa 3padeha, FOMMIIEA
e(beKTHBHA {03 ¥ HHAMKATOPH PajIHjalIOHOT Xa3ap/ia MPOLCH-CHI Cy NCIUTHBAKEM Y30PaKa 3eMIBUIITA.
Kounenrpauuja akrusaoctu >*Th u MpOCeYHa CIOJballllha jadiHa 03¢ TaMa 3padetba GHIIe Cy BHIIE Off
IpoceKa y cBeTy, ca MoryhHourhy yTumaja Ha JKUBOTHY cpeinHy oonactu 3anagsor ['ata. Cmarpa ce, crora
71a je 3HauajaH painoIONIKY PU3HK 32 MOMYJIAIH]jy Off jOHU3yjyher 3padema off IpUPOAHUX PATHOHYKINAA Y
3eMspnIITy. Minak, Apyrn MHANKATOPH PagHONIOMIKOT Xa3apAa OUiI Cy Y Z03BOJBEHAM IpaHHUIaMa.

Kmwyune peuu: iipupoonu paouonykauou, 3aiaouu I aiti, MOHayUil, paouosouKu xa3apo



