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Results of indoor radon survey in the dwellings of district Bhimber are presented. Current
study is continuation of our preceding studies aiming to setup baseline indoor radon data for
the state of Azad Jammu & Kashmir, Pakistan. In this context, 60 representative houses were
carefully selected and CN-85 based box type radon detectors were installed in bedrooms and
living rooms of each house. The detectors were exposed to indoor radon for 90 days. After
etching CN-85 detectors in 6M NaOH at 70 °C for 3 hours, the observed track densities were
related to the indoor radon concentration using calibration factor of 0.0092 tracks cm?/h
per Bq/m3. The measured indoor radon concentration ranged from 29 + 11 to 58 + 8 Bq/m3,
40+9to 60 £ 7 Bq/m3, and 29 + 12 to 66 + 7 Bq/m? in the regions of Bhimber, Samani, and
Barnala, respectively. Excess relative risk factors were calculated using measured indoor ra-
don concentrations, by using the risk model reported in the Biological Effects of Ionizing Ra-
diation (BEIR VI, 1999) report. Excess relative risk was calculated for age groups of 35 and
55 years. Using local occupancy factor, average excess lung cancer risk for the population
group of 35 and 55 years of age was found to be 0.42 £ 0.09 and 0.34 + 0.08. The mean annual
effective dose for Bhimber, Samani, and Barnala regions were found to be 1.05 + 0.17 mSy,
1.09 £ 0.17 mSy, and 1.16 £ 0.17 mSy, respectively. These values are within in the safe limits
recommended by the international organizations.
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INTRODUCTION

Radon contributes one half of the total annual
dose from radiations of all kinds [1, 2]. It is colorless,
odorless, and inert monatomic gas; the heaviest of six
noble gases. There are three naturally occurring radio-
active isotopes of radon, (1) 2*2Rn (will be called ra-
don in rest of text), (2) ?2°Rn (thoron), and (3) >'°Rn
(actinon). Radon which has half life of 3.82 days is a
part of 238U series; on the other hand ?2°Rn and ?'°Rn
(with half lives of 56 seconds and 4 seconds, respec-
tively) are generated from 2*°Th and >3°U series, re-
spectively. Radon is the most important of all three
isotopes, because of its higher concentration in indoor
environment and health threats associated with its de-
cay products [3].

* Corresponding author; e-mail: mrafique@ajku.edu.pk

220Rn can contribute to indoor radiation expo-
sure (due to large reserves of 222Th), but its concentra-
tion is low due to its short half-life. ?'°’Rn does not sig-
nificantly contribute to indoor radiation exposure due
to low natural abundance of its precursor 23U and ex-
tremely short half life, so only radon isotope remained
the matter of discussion. Radon decays into a series of
short-lived progenies, including >'®Po and 2'“Po,
which are alpha emitters. The lung cancer risk associ-
ated with indoor radon exposure is due to a-particles
emitted by radon progeny. When an alpha particle is
emitted in the lung, it deposits all of its energy on the
lining of the airways of lung within the small thick-
ness. The epithelium may be damaged due to irradia-
tion of energy emitted by c-particles on their passage
through the cells.

Since uranium and thorium are present as trace
amounts in soil, rocks, and building materials, so these
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are the major sources of indoor radon exposure. Natu-
ral gas and water from deep wells may contain sub-
stantial amount of radon [4].

Due to the importance of issue, numerous studies
have been conducted at national and international levels
[5-26]. The main aim of these studies remained moni-
toring of radon and investigating the areas with elevated
levels. In order to assess radon health threats (if any
present) systematic studies have been initiated in Azad
Kashmir. These studies are continuation of our efforts
to set up base line data for Azad Kashmir at radon Atlas.
This paper presents results of indoor radon concentra-
tion along with estimation of lung cancer risk for the
residents of district Bhimber of Azad Kashmir.

STUDY AREA

Bhimber is located 54 km in the north of Gujrat
city and 80 km in the north-east of Mirpur. Geographi-
cally it is located at 32°45' to 33°15' latitude and 74°0'
to 74°15' longitude. From Islamabad, Bhimber is lo-
cated in the south east ata distance of 150 km by road.

The investigated area is underlain by sedimen-
tary rocks of Siwalik group of non-marine origin,
ranging in age from late Miocene to Pleistocene (see
fig. 1). It is postulated that the sediments of the group
were deposited in a slowly sinking basin under fresh
water conditions. The total thickness of the sequence
is about 5000 meters and constitutes a major portion of
the whole Siwalik group. The geological rock forma-
tions present in the area include (1) Soan formation,

(2) Chinji formation, (3) Nagri formation, and (4) Dhok
Pathan formation.

Climate

The climate is variable, the average maximum
and minimum temperatures are 28.9 °C and 15.8 °C.
June and July are the hottest months of the year with 40
°C and 45 °C average temperatures, respectively. The
highest temperature recorded during June and July is
48 °C. December and January are the coldest months
of the year with 6.3 °C and 5.2 °C average tempera-
tures, respectively. The total average rainfall is about
1233 mm per year. High rainfall is recorded in the
months of July and August which is 264.94 mm and
255.26 mm, respectively, and low in October and No-
vember which is 31.68 mm and 16.82 mm, respec-
tively. Humidity remains high in rainy season. The
highest value of humidity is 83.4%, recorded in Au-
gust in the morning, the lowest value of humidity is
29% recorded in the month of May in the evening.

MATERIAL AND METHODS

Measurements of indoor radon concentration
were carried out in the dwellings of district Bhimber.
Since district Bhimber is administratively divided into
three parts, results are presented in accordance with
these parts (Bhimber city, Samani, Barnala).
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Figure 1. Geological map of district Bhimber; area under investigation
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Selection of houses was based upon their geo-
logical spread, locality and design of the houses as
well as willingness and co-operation of the house oc-
cupants. Cellulose nitrate (CN-85) track detectors
were chosen because of their high sensitivity to alpha
particles in the energy range of 0.1-6 MeV. CN-85 de-
tectors based radon dosimeter were installed in bed-
rooms and living rooms. Sheets of CN-85 detectors
were cut into small strips (having dimensions 3 cm x
x 3 cm) and placed in a box-type dosimeters with di-
mensions 3 cm x 3 cm x 1.14 c¢m (see, fig. 2). Sixty
geographically spreaded population based houses
were selected to measure indoor radon levels. The de-
tectors were placed at a height of about 1.5 m from the
ground in the bedroom and drawing room of each
house (all at the ground floor) and were allowed to ex-
pose to radon for 90 days. After exposure, the detec-
tors were retrieved from the houses and etched in a 6N
NaOH solution at 70 °C for 3 hours. After the back-
ground correction, track densities were determined
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Figure 2. Schematic representation of the CN-85 detec-
tor based box-type radon dosimeter

and converted into radon concentrations (Bq/m?) us-
ing the calibration factor (CF) of 0.0092 tracks per cm?
per hour = 1 Bg/m?> of 2?Rn. CF of the system was de-
termined at PINSTECH Laboratory, Islamabad. Khan
etal. [27] methodology was adopted for determination
of numerical value of CF. The arrangement consists of
rich uranium ore (source) along with an exposure box
(dosimeter).

RESULTS AND DISCUSSION

To conduct current radon survey, 60 representa-
tive houses were selected and 120 dosimeters were in-
stalled. Out of 120 dosimeters only 90 were collected
back from 45 dwellings. The remaining dosimeters
were lost. Once the indoor radon concentrations for liv-
ing rooms and bedrooms were calculated, then these
values were used to find weighted averages of radon.
Based on interviews with dwellers it was concluded that
occupants spent ~60% of their indoor time in their
bedrooms and 40% time in living rooms. Weighted av-
erage indoor radon concentration for each house was
calculated using the following formula.

WARn =040 Rn(LR)+**Rn(BR) (1)

where WARn is the weighted average ***Rn concentra-
tion, “?Rn(LR) — the radon concentration in living
room, and “Rn(BR) — the radon concentration in bed-
room.

Results are shown in figs. 3-5. Figure 3 shows
results of the indoor radon concentrations in Bhimber
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City. In Bhimber city, radon concentration varies from
29+ 11to 63 + 7Bg/m®in bedrooms and 24 + 12 to
63 + 7 Bg/m? in living rooms, respectively. Mean val-
ues of radon concentrations in bedrooms and living
rooms are 51 + 8 and 43 + 9 Bq/m?, respectively.

Figures 4 and 5 shows results of the indoor radon
concentrations in Samani and Barnala. In Samani, ra-
don concentration varies from 40 + 9 to 64 + 7 Bg/m?
in bedrooms and 34 + 10 to 56 + 8 Bg/m® in living
rooms, respectively. Mean values of radon concentra-
tions in bedrooms and living rooms are 53 £ 8 and 45+ 9
Bg/m? respectively. In Barnala, radon concentration
varies from 17 + 14 to 78 + 6 Bq/m® in bedrooms and 30
+11 to 55+ 8 Bg/m? in living rooms. Mean values of ra-
don concentrations in bedrooms and living rooms are
57 £ 7 and 45 + 8 Bg/m?, respectively. Overall
weighted average indoor radon concentration for dis-
trict Bhimber was found to be 48 + 8 Bq/m>.

To get a clearer picture of the variation observed
in the indoor radon levels, a frequency distribution
graph is plotted in fig. 6. Figure 6, shows that 2.2% of
the houses have radon concentrations below 20 Bg/m?
and 6.7% between 21 and 40 Bq/m>. Majority of the
houses surveyed (64.4%) have radon concentrations
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Figure 6. Frequency distribution of indoor radon
concentration in district Bhimber
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between 41 to 60 Bg/m® while 26.7% of the houses
have radon concentrations between 61 and 80 Bq/m?>.

Determination of effective dose
from radon exposure

Information of aerosol concentrations and their
size distribution, depositions rate of radon progeny,
unattached fraction, breathing rate, fractional deposi-
tion in the airways and location of the target cells in the
airways, helps in estimating absorbed dose to the criti-
cal cells of the respiratory tract per unit radon exposure
to the general population. Such type of estimates for
absorbed dose strongly depend upon the model on
which assumptions are based upon and carries uncer-
tainties associated with the input data of the model. To
avoid these confusions and misunderstandings we
have used UNSCEAR 2000 conversion conventions
in our current study.

Annual effective radon doses (ED) were calcu-
lated by using model, given in UNSCEAR 2000 report
2]

ED[mSv per year]=C(**Rn)x E, xO; x D (2)

where, C(***Rn) is weighted average radon concentra-
tion, E¢— the equilibrium equivalent radon factor (0.4
taken for indoors), Oy — the indoor occupancy factor
(0.8, reported in UNSCEAR 2000 report), and D s—a
dose conversion factor (9 nSv per year per Bq/m’).
Based upon epidemiological studies and physical do-
simetry, range of dose conversion factor D, for radon,
varies from 6 to 15 nSv per year per Bg/m®. No such
values were defined for the domestic epidemiological
radon studies up till now. Therefore in current study
we have used conversion factor of 9 nSv per year per
Bg/m® which is still considered appropriate for aver-
age effective dose calculations [2].

In the current survey the same values as sug-
gested in UNSCEAR 2000 report were adopted for pa-
rameters Eyand D s where as an indoor occupancy fac-
tor of 0.7 instead of 0.8 mentioned in UNSCEAR 2000
report was adopted for O;. The value of occupancy fac-
tor is based upon interview with dwellers. On average
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these persons spent approximately 17 hours per day
within the buildings. Here it is expected a calculation
like 17 hours per day x7 days per week / 168 hours per
week = 0.70 occupancy fraction. In the Bhimber city,
doses due to indoor radon exposure are found to vary
from 0.64 + 0.22 to 1.28 £ 0.17 mSv per year. Mini-
mum value of the dose has been observed in house No.
18, whilst maximum value has been found in house
No. 3. Mean value of radon dose for Bhimber city is re-
ported as 1.05 £ 0.17 mSv per year. In the Samani and
Barnala doses due to the indoor radon exposure range
from 0.90 £ 0.20 to 1.32 £ 0.16 mSv per year, and 0.65
+0.26to 1.45+0.16 mSv per year respectively. Mini-
mum values for the doses have been observed in
houses No. 2 and 3, whilst maximum values have
been found in houses No. 8 and 2, respectively. Mean
value of radon doses for Samani and Barnala are 1.1 +
0.18 mSv per yearand 1.16 £.0.17 mSv per year.

Assessment of lung cancer risk

Mathematical model as proposed by BEIR 1V,
1999 [28] for calculating relative lung cancer risk has
been used.

ERR =B(0s_14Ws_14+ O15_04 Wis_p4 Ors, Was, ) 0 7, 3)

where ERR represents excessive relative risk.

The parameter Sin eq. (3) represents the slope of
the exposure-risk relationship for the assumed refer-
ence categories of the modifying factors, 6 represents
relative level of effect, y,represents rate of radon ex-
posure, and ¢,,. declining ERR with increasing age.

Exposure at any particular age has 4 compo-
nents: exposure in the last 5 years — excluded as not bi-
ologically relevant to the cancer risk — and exposures
in 3 windows of past time, namely 5-14, 15-24, and 25
or more years previously. Those exposures are labeled
as Ws_j4, Wys5.04 and wys,, respectively, and each is al-
lowed to have its own relative level of effect, 05_,, (set
equal to unity), 05,4, and 0,5, respectively.

Results obtained for the current survey are listed
in tabs. 1-3. For Bhimber city, using local occupancy
factor, average excess lung cancer risk for the groups
of individuals aged 35 and 55 years was found to vary
from 0.25 + 0.09 to 0.49 £ 0.07, and 0.20 + 0.08 to
0.40 £ 0.05. For Samani average excess lung cancer
risk for the population group of 35 and 55 years of age
was found to vary from 0.34 £ 0.08 t00.51 + 0.06 and
0.28 £0.06 to 0.42 + 0.05. Similarly for Barnal, aver-
age excess lung cancer risk for the population group of
35 and 55 years of age was found to vary from 0.56
+0.06t0 0.25£0.10 and 0.20 £ 0.08 to 0.46 + 0.05.
As may be seen from tabs. 1-3 that US EPA (2003)[29]
occupancy factor gave a higher excess lung cancer risk
compared with the local occupancy factor used for
studied areas. The ERR due to indoor radon is within

Table 1. Excess relative risk of lung cancer due to the weighted indoor radon using local and US EPA occupancy factors in

the Bhimber district

House No. WARnR ERR(%);Sa? (}3%%35 age ERR i(])zrpia' (}Sfl%rs age ERR (ffg SaSI }(I)el';l)rs age ERR t("(})ErPSAS (};%a)rs age
1 57+7 0.48 £ 0.06 0.55£0.07 0.40 £ 0.05 0.45 £0.06
2 43+9 0.36 £ 0.08 0.42 £0.09 0.30 £ 0.06 0.34 £ 0.07
3 58£8 0.49 £0.07 0.56 £ 0.08 0.40 £ 0.06 0.46 £ 0.06
4 57+7 0.48 £ 0.06 0.55 +£0.07 0.40 £ 0.05 0.45 £ 0.06
5 47+9 0.40 £ 0.08 0.45 £0.09 0.33 +0.06 0.37 +£0.07
6 41+£9 0.35£0.08 0.40 £ 0.09 0.29 £0.06 0.33£0.07
7 45+8 0.38 £0.07 0.44 £0.08 0.31 +£0.06 0.36 £ 0.06
8 46+9 0.39 £0.08 0.45 £0.09 0.32 £0.06 0.37 £0.07
9 54 +8 0.46 +£0.07 0.52 £0.08 0.38 £0.06 0.43 £0.06
10 45+8 0.38 £0.07 0.44 £ 0.08 0.31 +0.06 0.36 +0.06
11 52+8 0.44 £0.07 0.50 £0.08 0.36 £ 0.06 0.41 £0.06
12 43+9 0.36 £ 0.08 0.42 £ 0.09 0.30 £ 0.06 0.34 £ 0.07
13 53£8 0.45 £0.07 0.51 £0.08 0.37 £0.06 0.42 £ 0.06
14 3710 0.31+0.08 0.36+0.10 0.26 £0.07 0.30 £0.08
15 49+8 0.42 £0.07 0.47 £0.08 0.34 +0.06 0.39 +0.06
16 44+9 0.37 £0.08 0.43 £0.08 0.31£0.06 0.35£0.07
17 42+9 0.36 £ 0.08 0.41 £0.09 0.29 £ 0.06 0.33 £ 0.07
18 29+ 11 0.25 £0.09 0.28 £0.11 0.20 +0.08 0.23 +0.09
19 5717 0.48 £ 0.06 0.55£0.07 0.40 £ 0.05 0.45 £ 0.06

20 56 £8 0.47 £0.07 0.54 £ 0.08 0.39 +0.06 0.45 +0.06

"OF = Occupancy factor
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Table 2. Excess relative risk of lung cancer due to the weighted indoor radon using local and US EPA occupancy factors in
the region Samani of district Bhimber

House No. WARn ERR(%)&?; %%%Ss age | ERR t(“(])irpf ge]::a)rs age | ERR (fl(jf) CSaS1 }g]?;s age | ERR f(’(])ErPSAS gﬁ]::e;rs age
1 45+38 0.38 £0.07 0.44 £ 0.08 0.31+£0.06 0.36 £0.06
2 40+9 0.34£0.08 0.39 £0.09 0.28 +0.06 0.32+£0.07
3 48£8 0.41 £0.07 0.46 £ 0.08 0.33£0.06 0.38 £0.06
4 4938 0.42 £0.07 0.47 £0.08 0.34+0.06 0.39 £ 0.06
5 52+8 0.44 £0.07 0.50 £ 0.08 0.36 £0.06 0.41 £0.06
6 48 £ 8 0.41 £0.07 0.46 +0.08 0.33 £0.06 0.38 £0.06
7 449 0.37£0.08 0.43 £0.09 0.31+£0.06 0.35+0.07
8 60+7 0.51 £0.06 0.58 £0.07 0.42 £0.05 0.48 £0.06
9 52+8 0.44 £0.07 0.50 £0.08 0.36 £ 0.06 0.41 £ 0.06
10 48£8 0.41 £0.07 0.46 £ 0.08 0.33£0.06 0.38 £0.06
11 5517 0.47 £0.06 0.53 £ 0.07 0.38 £0.05 0.44 £0.06
12 48+£9 0.41 £0.08 0.46 £ 0.09 0.33 £0.06 0.38 £ 0.07
13 50+8 0.42 £0.07 0.46 £ 0.08 0.35£0.06 0.40 £0.06
14 51+8 0.43 £0.07 0.49 £0.08 0.36 £ 0.06 0.41 £ 0.06
15 55+8 0.47 £0.07 0.53 £0.08 0.38 £0.06 0.44 £0.06

"OF = Occupancy factor

Table 3. Excess relative risk of lung cancer due to the weighted indoor radon using local and US EPA occupancy factors in
the region Barnala of district Bhimber

HowseNo.| WARn | RPN PUERAOH™ | Miemion | (ebaon ™
1 53+8 0.45 £0.07 0.51 £0.08 0.37 £0.06 0.42 £ 0.06
2 66 =7 0.56 +£0.06 0.64 +£0.07 0.46 £ 0.05 0.53 £0.06
3 29+12 0.25£0.10 0.28 £0.12 0.20 £0.08 0.23 £0.10
4 55+7 0.47 £ 0.06 0.53 £0.07 0.38 £0.05 0.44 £ 0.06
5 48+9 0.41 £0.08 0.46 £ 0.09 0.33 £0.06 0.38£0.07
6 57+7 0.48 +0.06 0.55 +£0.07 0.40 +£0.05 0.45 +0.06
7 46 +8 0.39 +£0.07 0.45+£0.08 0.32 £0.06 0.37£0.06
8 52+8 0.44 £0.07 0.50 +0.08 0.36 £ 0.06 0.41 £0.06
9 59+7 0.50 £ 0.06 0.57 £0.07 0.41 £0.05 0.47 £0.06
10 61 £8 0.52 +£0.07 0.59 £0.08 0.43 £0.06 0.49 £ 0.06

"OF = Occupancy factor

Table 4. The comparison of mean radon concentrations in indoor air samples with different countries

St No. Location : Weighted average radon concentratin [Bqm ] References
Drawing room Bedroom

1 Muzaffarabad, Pakistan 87 [17]

2 Balakot, Pakistan 67 [21]

3 Rawala kot, AJK 67 +29 76 £ 30 [19]

4 Hajira, AJK 71 +34 83+33 [19]

5 Abbaspur, AJK 118 + 39 128 + 36 [19]

6 Islamabad and Rawalpindi 53 36 [8]

7 Islamabad 70.67 + 11.44 [30]

8 Lahore 74 52 [31]

9 N.W.F.P 65 [14, 15]
10 Sweden 140-400 [32]

11 Demark 53 [5]

12 Saudi Arabia 16 [12]

13 UK 20 [7]

14 USA 46 [10]

15 Brazil 82 [11]

16 Bhimber Pakistan 48 £ 8 Present study
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limits and does not pose any serious threat to the occu-

pants of the houses under investigation. A comparison

of weighted average radon concentrations of studied
area with national and international data is given in
tab. 4. Values from the present survey are lower than
those reported in many other studies conducted at na-
tional and international levels and greater than average
concentration in some other ones.

Lower values for indoor radon concentrations

(as compared to other studies at national level) are re-

ported in current study. There may be a number of rea-

sons.

(1) houses were well separated and room’s dimensions
were considerably greater in district Bhimber as
compared to houses in other parts of Azad Kashmir
(e. g., like in Muzaffarabad, Bagh, efc.),

(2) in many of houses ventilation system was remark-
ably good, and

(3) there was proper drainage system in investigated
area.

CONCLUSIONS

Indoor radon concentration and excess rela-
tive risk of cancer was estimated for the residents of
district Bhimber, Azad Kashmir, Pakistan. The mea-
sured indoor radon concentrations and resulting
doses are found to be within acceptable ranges. Av-
erage excess lung cancer risk for the population
group of 35 and 55 years of age was found to be 0.42
+ 0.09 and 0.34 + 0.08. To conclude, according to
the recommendations made by the Health Protection
Agency, UK (200 Bg/m?) and US EPA (148 Bg/m?),
all the houses surveyed are within the safe limits
from radon exposure.
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Myxamag PA®UK, Cang PAXMAH, Cajen Y. PAXMAH, Mymra3 X. PATOPE,
Myxaman U. MIAX3 A/, lllygpar BYKAPH, 3yndgkap AU, Myxamag BACHUM,
Myxaman Y. PAIIIIYT, Marnynax

NPOLEHA TOIUNINIBLUX EGEKTUBHUX NO3A PANOHA U PU3UKA
KAHIEPA IINIYRA CTAHOBHUKA OKPYIA BUMBEP Y 3AINTAJHOM
KAIIMUPY, IIAKNCTAH

IIpuka3sanu cy pe3yiaTaTu Mepewma KOHIEHTpalyje pajjoHa y 3rpagama okpyra bumoep. Oa
CTy[Mja je HacTaBaK MPETXOJHMX WCTpa)KuBama, ca IIbEM fJa Ce YCTaHOBE OCHOBHHU IOfald O
KOHIEHTPALlUju pajfioHa y 3rpajama apxkase 3anapuu [lamy n Kammvup, [Takucran. C Tom HamMmepoMm, 60
pelnpe3eHTaTUBHUX Kyha akJbUBO je n3a0bpaHo U Y AHEBHE U ciiaBahe coOe cBake Off BbUX IOCTaB/bEHHU CY
CN-85 merekTopu pajona. [leTekTopu cy 6mim n3noxeHnu pagony y nepuony of 90 nana. [1o pazBujamy
CN-85 perekTopa y 6 M NaOH npu 70 °C TokoM TpH uaca, youeHe CYCTHHE Tparopa INOBE3aHH Cy ca
KOHIIEHTPAIMjOM PajioHa KopHIThembeM KanuopamuoHor ¢gakTopa 3a Tparose of 0.0092 cm?/h mo Bg/m?.
M3MepeHna KoHLeHTpaluja 6una je 3a Bumoep o129 + 11 Bq/m? o 58 + 8 Bq/m?; 3a Camanu ot 40 +9 Bg/m?
no60+7 Bq/m3; n 3a Bapnany o 29 + 12 Bq/m3 0o 66 +7 Bq/m3. JopaTHy peslaTUBaH pafiujaliiOHNA PA3UK
u3pavyHaT je kopuitheleM U3MepeHe KOHIEHTpalldje pajloHa IMpeMa MOJeNly pU3MKa NPUKA3aHOM Y
n3BemTajy buonomku epexrn jounsyjyher 3paderwa (BEIR VI, 1999) u onpebeH je 3a crapoche rpyne ox
35uS5roauna. Kopucrehu nogatke o 00paBKy CTaHOBHHMKA Ha II0j€JUHUM JIOKaLljaMa, 3a CTapOCHE rpyIie
on 35 u 55 roguHa Takobe je u3pauyHaT JOfIaTHU PEIATUBHA PaiWjalliOHN PU3HK 3a pak miyha om 0.42 +0.09
u 0.34 + 0.08, pecniektuBHO. Cpefia rofuiimba eeKTUBHA Jo3a 3a okpyre bum6ep, Camanu u bapHany
u3Hocuna je 1.05 £ 0.17 mSv, 1.09 + 0.17 mSv u 1.16 + 0.17 mSv, pecniektuBHO. OBE BPETHOCTHU CY Y
rpaHuama 6e30eJHUX BPEJHOCTH NPETOPYyUEHUX Off CTpaHe MehyHapoiHUX opraHu3aiyja.

Kmwyune peuu: CN-85 Oeitiekitiop, KOHUeHIUpayuja paooHa y 3ati60peHoM UPOCiopy, OUOAOUIKU
egbexitiu 3payera, pax iayha, cpeOrwa Zo0ulla eheKiiueHa 003a



