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The specific activities of 232Th, 238U, 40K, and 137Cs in undisturbed surface soil at 56 locations
of Bangladesh, covering its entire area, were measured using high resolution HPGe detector.
The mean specific activity concentrations of the mentioned radionuclides were respectively
found to be 83.56 + 17.96 Bq/kg, 44.35 = 12.65 Bq/kg, 630.89 + 173.85 Bq/kg, and 5.37 +
+ 4.87 Bq/kg. A good correlation between the activities of 222Th and 233U was found. The ra-
diological parameters namely radium equivalent activity, representative level index, external
hazard index, internal hazard index, absorbed dose rate, and effective annual outdoor dose
rate due to the natural radionuclides were also calculated. The average values of the men-
tioned parameters were found to be 212.26 + 43.93 Bq/kg, 1.55 £ 0.32 Bq/kg, 0.29 + 0.06,
0.69+0.15,97.27 £20.03 nGy/h, and 119.37 +24.58 pSv/y, respectively. The radiation dose
levels at the points of sample collection were also measured by a portable radiation dose
rate-meter. The average value of the outdoor dose rate was found to be 0.20 + 0.07 uSv/h
ranging from 0.16 + 0.02 uSv/h to 0.28 + 0.04 puSv/h. The distributions of natural
radionuclides were found to be normal. The concentration levels of different radionuclides
were comparable to the corresponding reported values of the soil of different countries.
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INTRODUCTION

The main sources of natural background radia-
tion are the naturally occurring radionuclides in the
ground (***Th and 233U and their decay products; “°K
etc.). High natural radiation levels have been found in
some of the countries of the world like Brazil, China,
and India[1, 2]. Moreover, enhanced radioactivity due
to natural oil and gas production was also observed in a
North German oil field [3]. The average annual effec-
tive dose to adults from natural sources of ionizing ra-
diation is 2.4 mSv [4]. In addition to this, people are
also exposed to artificial sources of radiation. Artifi-
cial radioactive isotopes (such as '3’Cs, ?°Sr, 3Py,
etc.) from fallout, operation of nuclear facilities, efc. if
introduced into the environment, will eventually reach
humans via the food chain. Amongst the artificial
sources, 37Cs is considered one of the most hazardous
radionuclides. The Chernobyl accident on April 26,
1986, in Ukraine became an unprecedented source of
radionuclides input to the environment, which re-
leased about 3.7-107 GBq of '*’Cs to the environment
[5], the total amount of discharged radionuclides was
~3.6 EBq (100 MCi) [6].

Bangladesh is a riparian country located at
88°01'E — 92°41'E longitude and at latitude 20°34'N —

* Corresponding author; e-mail: shyamal@cu.ac.bd

26°38'N having comparatively high population den-
sity. It also has natural gas and oil. It is geographically
quite downward to India. Most of the rivers of Bangla-
desh originate from the hill tracts of India, Nepal, and
Bhutan; and flow through the land of India. Therefore
its land might be contaminated by radioactive sources
from the upstream and from sea and river water
(through cyclone and flood).

As an aftermath of Chernobyl accident, the ra-
dioactivity levels in soil have been measured in differ-
ent countries of the world [7]. In Bangladesh, no sys-
tematic data are available in this regard. It is therefore
necessary to know the present level of radioactivity in
soil samples of Bangladesh. In this context, a program
has been undertaken to measure the radioactivity lev-
els due to fallout and natural origin in soil samples of
different locations of Bangladesh.

MATERIALS AND METHODS

Study area, sampling and preparation

In order to assess the concentration levels of the
radionuclides 232Th, 233U, 49K, and '*’Cs in the soil of
Bangladesh, 56 location as shown in fig. 1, were se-
lected all over Bangladesh by considering the popula-
tion density, area, and the communication system(s)
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Figure 1. Map of Bangladesh showing different locations of sample collection

for sample collection. These 56 locations covered the
entire geographical area of Bangladesh. From each of
the locations, undisturbed soil samples were collected
for measuring the radioactivity. At each of the pre-se-
lected 56 sampling stations, approximately 1.5 kg of
soil was taken froma 20 cm x 20 cm wide and approx-
imately 3 cm deep surface area of undisturbed land
(the land which was kept in natural condition . e., the
land which has never been ploughed, cultivated, dug,
fertilized, or landfilled during the last 20 years period,
ignoring the natural flow/drainage of rain water and
normal land erosion; so that it may be considered as
the representative land of the sampling station). The
soil samples were packaged tightly in polythene bags
in such a way that no fraction of the collected soil
could normally escape the polythene bag. Individual

identification marks were given to each of the soil
sample packets with marker pens. The outdoor radia-
tion dose levels at the points of sample collection and
nearby places were measured several times at each
point by a portable radiation dose rate-meter “PDR
1Sv” and the means were calculated for each sampling
point.

The soil samples were crushed into powder indi-
vidually and then sieved by a 1.0 mm sieve. All of the
samples were in dry condition as these were collected
during the dry season. Then 1 kg of pure soil from each
of the crushed and sieved sample was measured indi-
vidually by a sensitive balance. The powdered 1kg
samples were then poured into Marinelli beakers care-
fully and sealed air-tightly. The sealed soil samples
were allowed to attain the radioactive secular equilib-
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rium between 2*°Ra and its progenies by preserving
them in an airtight condition individually for 28 days

[8].

Gamma-spectrometry and
analytical procedure

The radioactivity was measured by the aid of a
high purity germanium detector interfaced with neces-
sary electronic accessories. The high purity germa-
nium “closed-end-coaxial p-type dipstick” radiation
detector “Silena” was employed in the present study
for measurement of y-activity in soil samples collected
from different locations in Bangladesh. The efficien-
cies of the detector employed at different energies
were determined by employing standard procedure
[9]. The most gamma energy peaks at 238.63 keV,
351.92 keV, 583.19 keV, 609.31 keV, 911.07 keV,
1120.29 keV, and 1460.75 keV were clearly identified.
For most of the samples a gamma energy peak at
661.66 keV was also identified. These energy peaks
were used for the estimation of the corresponding
radionuclides. The counting period for each of the
sample was 20 000 seconds.

The equilibriums between 23>Th and its proge-
nies and 2**U and its progenies had been considered
and therefore the specific activities of the radionuclei
232Th and 2*8U were calculated with the corrections on
the respective decay schemes. For 232Th, the activities
of 212Pb, 298T], and 22®Ac had been considered; for
2380, the activities of 2'4Pb and 2!“Bi had been mea-
sured; however, the specific activities of *°K and '3’Cs
had been determined directly by single channel energy
counts and by using the following formula [9]

. C
e(E), W

where A [Bqkg '] is the activity of the sample, C[s '] —
the peak area counts, e(E) [keV]—the efficiency of the
detector at energy E, I, [keV] — the photon emission
probability at energy E, and W [kg] — the mass of the
soil samples.

The statistical errors were considered in calcu-
lating the radioactive concentration levels of the sam-
ples by employing standard mathematical formula
[10]. In the present study, +1c ofall the measurements
were considered as it covers 68.27% of most probable
values.

(M

Outdoor radiation dose level

Radiation dose levels at 56 stations covering en-
tire area of Bangladesh were measured by a routinely
calibrated (at the Secondary Standard Dosimetry Lab-
oratory, Institute of Nuclear Science and Technology,
Atomic Energy Research Establishment, Bangladesh

Atomic Energy Commission) low level portable radia-
tion dose rate survey meter “PDR 1Sv” (NE
Technology Limited, England, 1990). With each dose
measurement, the dose level was observed for at least
two minutes in the display-scale of the “PDR 1Sv” at
one meter above the ground (gonad level). Several
pairs of readings were taken from each of the spots and
surroundings. All measurements taken included the
minimum dose level, the maximum dose level, and the
trend (average) dose level and they were noted down,
individually. Finally, the average trend dose levels
were calculated for each site.

Cumulative frequency plot

In order to determine the Geometric Mean and
Geometric Standard Deviation of data, the net read-
ings were evaluated with the help of the Cumulative
Frequency Plot. The cumulative frequency plot or
simply the probability plot of a series of entries in data
set is a tool for determining its geometric mean (GM)
and geometric standard deviation (GSD). To draw the
cumulative frequency plot (probability plot) for data
containing a number of entries, the entries were ranked
at first by arranging them in ascending order and then
the cumulative percents were calculated by using the
formula [11]
100(i—0.5)

n

Cumulative percent = (2)
where i is the serial position and n —the total number of
entries. In the present study, cumulative frequency
plots were drawn for finding out the geometric average
concentrations and standard deviations of the
radionuclides ***Th, ***U, °K, and, '*’Cs found in soil
collected from different locations of Bangladesh and
the consequent radiation dose levels; and for the out-
door dose levels measured instantly by a survey meter.

Frequency distribution of the
concentrations of radionuclides

Frequency distribution of the concentrations of
the radionuclides 232Th, 238U, 4°K, and *’Cs were also
done. The distributions were plotted by classes of the
concentrations of a radionuclide as abscissa and the cor-
responding frequencies (in percent) as ordinate [12].

Radiation hazard indices

Radiation hazards due to the concentrations of
natural radioisotopes (>*2Th, 238U, and %°K) found in
soil samples were calculated. Six indices were used in
this regard, namely: radium equivalent activity (Ra.,),
representative level index (/,,), external hazard index
(H,,), internal hazard index (#,,), absorbed dose rate
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(D), and the annual effective outdoor radiation dose
rate (E). These indices simply denote the levels of haz-
ard due to natural radioactive nuclei and help to com-
pare the hazard levels of different samples.

Radium equivalent activity: Ra,, of the activities
of the natural radionuclides in individual samples was
calculated by using standard formula [13]

10 10
Raeq :CRa +(7)CT}1 +(13O]CK (3)

where Cr,, Cty, and Cy [qug’l] are the activity con-
centrations of **°Ra, *?Th, and 40K, respectively.
Since **Ra and **U were in secular equilibrium dur-
ing reading out period, the activity of >**U was as-
sumed to be equal to the activity of **°Ra in the pres-
ent study.

Representative level index: I, of the natural
radionuclides in individual samples was calculated by
employing the standard formula [14-16]

1 1 1
L= — |Cr +| — |y +] — | (@
" [150) Ra (100) Th (1500) k&

where Cr,, Crn, and Cx are the same as defined earlier.

External hazard index: External hazard indices
due to the natural radionuclides were calculated by
employing the following formula [17]

o = % + Cih + CiK (5)
740 520 9620
where Cr,, Crp, and Cx [qug’l] are the specific activi-
ties of the radionuclides *°Ra (***U in the present
study), **Th and *’K respectively.
Internal hazard index: Internal hazard indices
due to the mentioned natural radionuclides were also
calculated by using the following formula [18]

. _Ara +ATh + Ak
185 259 4810

(6)

where Ar,, Ath, and Ag [qug’l] are the specific activi-
ties of the radionuclides *°Ra (***U in the present
study), **Th, and *’K, respectively.

Absorbed dose rate: The absorbed dose rates due
to gamma radiations in air at | mabove the ground sur-
face for the naturally occurring radionuclides 233U,
232Th, and “°K were calculated by [18]

D =0462Cy, +0604Cy, +00417C,  (7)

where D [nGyh’l], and Cr,, Crp,, and Cg [qug’l] are
the activity concentrations of **Ra (***U in the present
study), *Th, and *’K, respectively.

Annual effective radiation dose rate: The annual
effective outdoor dose rate £ [uSvy '] was calculated
by employing the formula [18]

E [uSvy™'] = dose rate [nGyh™'] x 24 hour x
x 365.25 day x 0.2 (occupancy factor) x
x 0.7 Sv/Gy (conversion coefficient) X 0.001 (8)

RESULTS AND DISCUSSION

Concentration of natural and
anthropogenic radionuclides in
surface soil

The measured specific activities of the
radionuclides 232Th, 233U, 4K, and !*’Cs in soil sam-
ples of different regions of Bangladesh are given in
tab. 1 along with the other radiological parameters.
Following are the short descriptions of those.

Thorium-232: The average concentration of >’Th
in soil samples was found to be 83.56 £ 17.96 Bq/kg
ranging from 39.27 £7.74 to 128.21 + 7.83 Bq/kg. The
lowest activity was found in the soil sample collected
from Nabigonj (in Habigonj district) and the highest ac-
tivity was found in the soil sample of Nachole (in Chapai
Nawabgonj district) [tab. 2]. From the corresponding cu-
mulative frequency plot, it was found that the geometric
mean of >**Th in soil samples is 83.50 Bq/kg which is ap-
proximately equal to the arithmetic mean value; indicat-
ing the normal distribution. The geometric means and
geometric standard deviations of the concentrations of
radionuclides 2**Th, 238U, K, and '37Cs along with the
arithmetic means and standard deviations are shown in
tab. 2. The frequency distribution of >*’Th concentra-
tions (as shown in fig. 2) also reveals that the distribution
is normal.

The average level of radioactivity of 2>?Th in the
present study was found to be higher than those of the
other regional studies of Bangladesh [19, 20, 22, 23]
except for the one conducted in Northern Districts
[21], Gudalore (India) [25], Pakistan [30-36], Sri
Lanka [17], Sichuan (China) [37], Taiwan [39],
Songkhla (Thailand) [40], in one study of Malaysia
[42], Vietnam [44], Juban (Yemen) [45], Tafila (Jor-
dan) [47], Saudi Arabia [48-52], Mazandaran (Iran)
[53], four local studies of Turkey (Marmara,
Kirklareli, [zmir, and Bursa) [56-59], Tripoli (Libya)
[60], Egypt [61-64], Nigeria [66], Serbia and
Montenegro [68], Ireland [69], Caceres (Spain) [70],
Hungary [71], Cyprus [72], Louisiana (USA) [73] and
also the world average [ 18] value; lower than those of
Ooty (India) [24], three South Indian studies [26-28],
China [37], two studies of Malaysia [41, 43],
Kestanbol (Turkey) [55], and South Cameroon [67];
and similar to that of Northern India [29]; which are
shown in tab. 4.

Uranium-238: Average specific activity of 2>%U
was found to be 44.35 £ 12.65 Bg/kg with a range
17.84 £ 6.21 to 76.06 + 7.58 Bq/kg. The lowest con-
centration of 23U was found in the sample of
Nabigonj while the highest concentration was found in
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Table 1. Specific activity of radionuclides in soil samples collected from different locations in Bangladesh along with some
consequent radiological indices and annual outdoor dose rate measured by portable radiation dose rate-meter

Activity [Bgkg™'] Annual Annual

Map. Radium |Represent.| External | Internal | Dose effective | outdoor

Loc.| Location

equivalent|level index| hazard | hazard rate

No. “*Th #u K es [Bgkg'] | [Bqkg'] | index | index |[nGyh™] out(?}(i(;rv?ose d([)rsnesrva]te
01 Akhaura 81.63£7.92 |49.11 +£8.61 [373.83+61.83 | 4.04+1.62 194.48 1.39 0.26 0.66 87.58 107.48 1.58
02 Srimangal | 74.13 £6.03 | 35.61 +7.61 | 333.31 + 56.53 | Below MDA | 167.15 1.20 0.23 0.55 75.13 92.20 1.49
03 | Sunamgonj | 104.82 +7.30| 45.08 +£9.04 | 915.66 +72.65 | 9.72+1.98 265.26 1.96 0.36 0.84 122.32 150.12 1.66
04 Jaflong 83.34+7.97 | 42.07 +7.80 | 480.36 + 58.49 | 26.79 £2.23 | 198.08 1.43 0.27 0.65 89.80 110.21 1.58
05 Comilla 65.94+6.46 | 34.99 £8.24 | 636.23 £65.42 | 4.67£1.59 178.13 1.32 0.24 0.58 82.52 101.28 1.84
06 Chandpur | 65.24 £6.45 | 29.73 £8.27 | 467.29 + 63.26 | Below MDA | 158.88 1.16 0.21 0.51 72.63 89.13 1.66
07 Feni 74.00 +9.27 | 46.20 +9.45 | 729.69 + 72.97 | 10.56 £2.03 | 208.04 1.53 0.28 0.69 96.47 118.39 1.50
08 Noakhali 76.49 £6.80 | 37.48 £8.69 | 632.79+67.77| 7.61 £1.79 195.43 1.44 0.26 0.63 89.90 110.33 1.31
09 Hatiya 81.11 £8.65 | 37.36 +8.44 | 672.18 +67.22 | 498 +1.62 204.94 1.51 0.28 0.65 94.28 115.71 1.66
10 Sandweep | 92.26+9.56 | 46.23 +9.38 | 758.84 +73.49 | 6.03 + 1.80 236.40 1.74 0.32 0.76 108.73 133.43 1.58
11 Dinajpur | 104.98 £9.07 | 74.28 £9.19 | 848.31 £69.02 | 7.93 +1.83 289.51 2.11 0.39 0.98 133.10 163.35 1.84
12 Syedpur 96.51+ 8.88 | 54.51 £8.67 | 564.34+64.70 | 5.09+1.67 235.79 1.70 0.32 0.78 107.01 131.33 2.10
13 | Panchagarh | 110.95+9.08 | 73.52+9.33 | 815.96 +67.94 | 3.44+1.62 294.79 2.14 0.40 1.00 135.01 165.68 1.75
14 Rangpur 123.99 +8.72 | 64.51 +£8.41 | 869.87 £ 64.34 | 12.31 +1.85 | 308.55 2.25 0.42 1.01 140.97 173.00 2.54
15 | Gaibandha | 81.20+8.51 | 43.54+8.60 | 718.91 £ 66.86 | 7.07 +1.72 214.84 1.58 0.29 0.70 99.14 121.67 1.40
16 Kurigram | 124.59 +£9.35| 62.95+9.13 | 740.47 £ 67.58 | 17.00 £2.03 | 297.89 2.16 0.40 0.98 135.21 165.94 2.10
17 Bogra 101.03 +8.94 | 55.88 + 8.77 | 664.99 + 66.50 | 5.66 = 1.67 251.36 1.83 0.34 0.83 114.57 140.60 1.66
18 Ullapara 93.64+8.91 | 61.10+8.99 | 812.37+67.94| 16.74+2.09 | 257.36 1.89 0.35 0.86 118.66 145.63 1.75
19 Natore 71.48 £8.41 | 43.47+8.30|715.31+66.50| 2.76 +1.51 200.61 1.48 0.27 0.66 93.09 114.24 1.58
20 Rajshahi 92.85+8.80 | 54.08 £8.85 | 657.80 £ 66.14 | 6.42+1.67 237.32 1.73 0.32 0.79 108.50 133.15 1.93
21 Nachole 128.21 £7.83| 76.06 + 7.58 | 402.59 £ 53.56 | 5.97+1.33 290.19 2.06 0.39 0.99 129.37 158.76 2.19
22 Kushtia 83.47+£9.39 | 56.23 +£9.65 | 611.07+71.17| 3.81+1.70 22248 1.62 0.30 0.75 101.88 125.03 1.84
23 Faridpur 70.83 £ 8.31 | 40.54 £8.50 | 744.06 £ 66.86 | 5.58 + 1.64 198.96 1.47 0.27 0.65 92.54 113.57 1.75
24 | Gopalgonj | 76.08 +8.54 | 45.91 +8.56 | 553.56 + 64.70 | Below MDA | 197.17 1.44 0.27 0.66 90.25 110.75 1.84
25 Jessore 80.88 +£8.59 | 50.35+8.69 | 751.26 +67.22 | 438 +1.64 223.68 1.65 0.30 0.74 103.44 126.95 1.75
26 | Shyamnagar | 81.33+7.99 | 44.50+7.90 | 747.66 + 62.19 | 6.68 + 1.41 218.20 1.61 0.29 0.71 100.86 123.78 2.10
27 Khulna 85.69 £8.62 | 48.92 £8.67 | 923.79+69.02 | 3.49+1.54 242.40 1.80 0.33 0.79 112.88 138.53 2.01
28 Borguna 80.80 £8.57 | 39.69 £8.22 | 736.87 £66.50 | 6.39+1.72 211.80 1.56 0.29 0.68 97.87 120.11 2.10
29 Shariatpur | 92.36 +8.83 | 46.12 +8.63 | 830.34 + 68.30 | Below MDA | 241.94 1.78 0.33 0.78 111.72 137.10 2.28
30 | Chorfashion | 87.49 + 8.68 | 44.29 + 8.59 | 693.75 + 66.14 | Below MDA | 222.64 1.63 0.30 0.72 102.24 125.47 1.93

31 Barisal 81.50 +8.62 | 43.87+8.63 | 873.47+£69.02 | 436+1.62 | 227.49 1.69 0.31 0.73 105.92 129.99 2.01
32 |Mymensingh | 93.35 +8.41 | 50.48 £ 8.31 | 704.53 £ 63.98 | 7.02+1.64 | 238.03 1.74 0.32 0.78 | 109.08 133.87 2.37

33 | Kishoregonj | 85.62 +8.62 | 40.78 +8.24 | 733.29+ 67.22| 6.81 +£1.67 | 219.50 1.62 0.30 0.70 | 101.13 124.11 1.84
34 | Jhenaigati | 58.55+8.11 | 30.32+8.14 | 355.86 +61.83 | 4.30+1.56 141.34 1.02 0.19 0.46 64.21 78.80 1.93
35 Barhatta 80.27 £8.47 | 38.54 £8.33 | 603.88 £65.42 | 13.07+1.96 | 199.66 1.46 0.27 0.64 91.47 112.26 1.84
36 Kalihati 85.18 +£8.72 | 37.36 +8.14 | 470.88 + 63.62 | 3.55+1.59 195.27 1.41 0.26 0.63 88.34 108.42 1.66
37 Aricha 69.79 +8.34 | 36.50 +8.39 | 664.99 + 65.78 | 4.04 +1.64 187.35 1.38 0.25 0.61 86.75 106.46 1.75
38 | Munsigonj | 86.89+8.72 | 40.08+8.70 | 744.07+67.22 | 5.19+1.64 | 221.44 1.63 0.30 0.71 102.03 125.21 237
39 | Narsingdi | 79.47 +£8.53 | 37.07 £8.33 | 657.80 + 65.78 | 8.24+1.72 | 201.20 1.48 0.27 0.64 92.56 113.59 2.01
40 Teknaf 105.59+9.02| 45.01 £8.49 | 524.80 + 64.34 | 8.58 +1.83 | 236.22 1.71 0.32 0.76 | 106.46 130.65 1.93
41 | Cox's Bazar | 56.04 +8.03 | 18.39 £ 7.76 | 434.94 £ 62.90 | Below MDA | 131.90 0.97 0.18 0.41 60.48 74.23 1.93
42 | Roangchheri | 58.28 +7.73 | 23.71 +7.49 | 492.45 £ 60.39 | 3.34+1.43 144.85 1.07 0.20 0.46 66.69 81.85 1.84
43 | Chittagong | 65.07 +8.32 | 32.00 £8.29 | 726.10 + 66.86 | 6.26 £ 1.70 180.81 1.35 0.24 0.58 84.36 103.54 1.84
44 |Khagrachheri| 68.47 +8.36 | 30.20 £8.13 | 727.75 £ 62.90 | Below MDA | 184.00 1.37 0.25 0.58 85.66 105.12 1.58
45 | Rangamati | 45.28 +7.86 | 22.23 +6.72 | 373.83 £ 62.54 | 3.86+1.59 115.67 0.85 0.16 0.37 53.21 65.30 1.66
46 | Roop Pur | 74.20+8.45 | 36.14 + 8.41 | 636.23 + 65.78 | Below MDA | 191.08 1.41 0.26 0.61 88.04 108.05 1.75
47 | Chuadanga | 73.44 +8.42 | 40.16 £8.30 | 593.10 £ 65.06 | 4.15+1.56 190.70 1.40 0.26 0.62 87.64 107.56 2.01
48 Kuakata | 101.33+9.01| 58.75£8.71 | 442.13+63.26 | 4.04+1.64 | 237.52 1.70 0.32 0.80 | 106.78 131.05 1.84
49 Pirojpur | 104.75+9.07 | 49.88 +8.39 | 381.02 + 62.19 | Below MDA | 228.83 1.63 0.31 0.75 | 102.20 125.43 1.84
50 | Badalgachhi | 103.30 £9.07 | 59.05+9.00 | 884.26 + 69.02 | 4.49+1.67 | 274.64 2.02 0.37 0.90 | 126.55 155.30 2.01
51 | Lakshmipur | 77.07 £ 8.53 | 34.97 £ 7.66 | 776.42 + 67.22 | Below MDA | 204.79 1.52 0.28 0.65 95.08 116.69 2.19
52 Nabigonj | 39.27+7.74 | 17.84 £6.21 | 276.78 + 61.47 | 4.22+1.59 95.23 0.70 0.13 0.31 43.50 53.39 1.49
53 Sripur 93.56 £8.87 | 56.17+8.83 | 298.35+61.47| 4.88+1.64 | 212.78 1.51 0.29 0.73 94.90 116.47 2.45
54 Ashulia 66.07 £8.24 | 38.19£8.13 | 294.75 + 61.47 | Below MDA | 155.25 1.11 0.21 0.52 69.84 85.71 2.19
55 | Sonargaon | 77.98 +8.59 | 41.82 +8.46 | 740.47 + 66.86 | Below MDA | 210.18 1.55 0.28 0.68 97.30 119.41 2.19

56 |BUET, Dhaka| 81.94 +8.60 | 39.77 +8.23 | 514.01 £64.34| 5.22+1.70 196.37 1.43 0.26 0.64 89.30 109.59 1.84
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Table 2. The range and average activities of radionuclides (in Bqkg™" unit)

Name of Minimum activity 1o Maximum activity 1 |(Arithmetic) Mean Geometric”
radionuclide] [location and no. in map] [location and no. in map] activity £1 6 |Mean activity|Standard deviation (1o)
Z2Th 39.27 + 7.74 [Nabigonj, 52] | 128.21 + 7.83 [Nachole, 21]| 83.56 + 17.96 83.50 1.23
3y 17.84 + 6.21 [Nabigonj, 52] | 76.06 + 7.58 [Nachole, 21] | 44.35+12.65 44.30 1.32
K |276.78 + 61.47 [Nabigonj, 52]| 923.79 + 69.02 [Khulna, 27] | 630.89 + 173.85 632.0 1.32
¥¢s 2.76 + 1.51 [Natore, 191 | 26.79 +2.23 [Jaflong, 04] 537 +4.87 5.30 1.96

* Geometric mean and standard deviation were found from the corresponding cumulative frequency plot (probability plot).

Geometric standard deviation has no unit as it is simply a ratio between the corresponding values of 50% and 84.1% cumulative frequency.
** This minimum activity is the corresponding minimum activity detected above the MDC (ignoring all minimum activities).

In calculating the average values, all minimum values were assumed to be zero.

Frequency
o -
= o
A A

N

N
h
|

-
o
!

z-I_II_IH ﬂﬂﬂ

35-45 45-55 55-65 65-75 75-85 85-95 95-105105-115 115-125 125-135
Class interval (concentration in Bg/kg)

Figure 2. Frequency distribution of **Th

Frequency

ol L]

12-18  18-24 24-30 30-36 36-42 42-48 48-54 54-60 60-66 66-72 72-78
Class interval (concentration in Ba/kg)

Figure 3. Frequency distribution of 2**U

the sample collected from Nachole [tab. 2]. The geo-
metric mean and geometric standard deviation of 238U
in soil samples were determined using the cumulative
frequency plot. The geometric mean was found to be
44.30 Bg/kg and the geometric standard deviation was
1.32. The close proximity of the arithmetic mean and
geometric mean indicates the distribution of 23%U in
soil samples is normal. The frequency distribution of
238U concentrations in soil samples as shown in fig. 3
also indicates that the distribution is normal.

The ratio between the average concentrations of
the nuclides >**U and 2**Th was found to be 0.53 which
is consistent with the UNSCEAR-2000 [18] reports.

The average level of 2*3U in soil samples was
found to be higher than those of the levels of three re-
gional studies of Bangladesh (Dhaka, Chittagong, and
Southern Districts) [19, 20, 22], five regional studies
of India (Ooty, Gudalore, Kalpakkam-2, and
Kanyakumari) [24-28], four local studies of Pakistan
(Bahawalpur, Lahore, Punjab, and Baluchistan)
[30-32,34], Sri Lanka[17], Sichuan (China) [38], Tai-
wan [39], one study of Malaysia [42], Vietnam [44],
Tafila (Jordan) [47], five studies of Saudi Arabia
[48-52], four regional studies of Turkey (Marmara,
Kirklareli, Izmir, and Bursa) [56-59], Tripoli (Libya)
[60], three studies of Egypt [61, 63, 64] except one in
Egyptian Sand [62], Nigeria [66], Ireland [69], Hun-
gary [71], Cyprus [72], Louisiana (USA) [73], and the
world average value [18]; lower than the correspond-
ing values found in the studies of Northern Bangla-
desh [21], Jessore (Bangladesh) [23], Northern India
[29], in one study of Punjab (Pakistan) [33], China
[37], Songkhla (Thailand) [40], in another study of
Malaysia [43], Mazandaran (Iran) [53] which was ex-
ceptionally higher, Kestanbol (Turkey) [55], South
Cameroon [67], and Serbia and Montenegro [68]; and
similar to those of Juban (Yemen) [45], and Caceres
(Spain) [70] [tab. 4].

Potassium-40: The average concentration of ra-
dioactive potassium (*°K) was found to be 630.89 +
+ 173.85 Bg/kg ranging between 276.78 + 61.47 and
923.79 £ 69.02 Bg/kg. The highest and lowest activi-
ties of K found in the soil samples collected from
Khulna and Nabigonj, respectively, [tab. 2]. The geo-
metric mean and geometric standard deviation of “°K
concentration in soil samples were found to be 632.0
Bg/kg and 1.32, respectively, from the corresponding
cumulative frequency plot. The close proximity of av-
erage “°K concentration in soil samples in arithmetic
and geometric view indicates that the distribution is
normal. The frequency distribution of the concentra-
tions of *°K found as shown in fig. 4 also manifests that
the distribution is normal.

The concentration level of “°K in soil samples of
Bangladesh was found to be higher than those of the
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Figure 4. Frequency distribution of *’K

levels of three other regional studies of Bangladesh
(Dhaka, Chittagong, and Jessore) [19, 20, 23], five
studies of India (Ooty, Gudalore, Kalpakkam-2, and
Northern India) [24-27, 29], three studies of Pakistan
(Lahore, Punjab and Islamabad) [31, 32, 36], Sri
Lanka [17], China [37, 38], Taiwan [39], Songkhla
(Thailand) [40], two studies of Malaysia [42, 43],
Vietnam [44], Tafila (Jordan) [47], Saudi Arabia [48,
49, 50, 52] except that for its coastline [50],
Mazandaran (Iran) [53], Marmara (Turkey) [56],
Bursa (Turkey) [59], Tripoli (Libya) [60], Egyptian
studies [61, 63, 64] except its sand samples [62], Nige-
ria [66], Serbia and Montenegro [68], Ireland [69],
Hungary [71], Cyprus [72], Louisiana (USA) [73],
and the world average value [18]; lower than the corre-
sponding values of two other regional studies of Ban-
gladesh (Northern and Southern districts) [21, 22],
Kanyakumari (India) [28], two other studies of Paki-
stan (Bahawalpur, and Punjab) [30, 33], Juban (Ye-
men) [45], Kestanbol (Turkey) [55], Kirklareli (Tur-
key) [57], South Cameroon [67], and Caceres (Spain)
[70]; and similar to the corresponding value of Izmir
(Turkey) [58] (tab. 4).

Caesium-137: The average specific activity of
137Cs in soil samples of Bangladesh determined was
5.37 £ 4.87 Bg/kg with a range from 2.76 £ 1.51 to
26.79 £ 2.23 Bg/kg. The highest activity 26.79 + 2.23
Bg/kg was found in the soil sample of Jaflong while the
lowest detected activity 2.76 + 1.51 Bq/kg was found in
the soil samples of Natore (above MDC) (tab. 2). Jaflong
is situated at the downstream of Indian state
“Meghalaya” and the level of *’Cs activity detected in
the soil sample of Jaflong was a clear indication of nu-
clear activities in its upstream (since no nuclear activity
was held at that area within Bangladesh). Out of 56 soil
samples collected from 56 different locations of Bangla-
desh, no '¥’Cs activity was detected in 14 samples (25%),
e. g., Srimangal, Chandpur, Gopalgonj, etc. The geomet-
ric mean and standard deviation of '3’Cs concentration in
soil samples found were 5.30 Bg/kg and 1.96, respec-

zi Hﬂl_ll_l [

ND 2-5 58 811 11-14 14-17 17-20 20-23 23-26 26-29
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Figure 5. Frequency distribution of *'Cs

tively, from the corresponding cumulative frequency plot
of '¥7Cs in soil samples. The approximately equal arith-
metic and geometric average concentration values of
137Cs in soil samples reveal the normal distribution. The
frequency distribution of the concentrations of 3’Cs is
shown in fig. 5.

The average concentration level of '37Cs in soil
samples of Bangladesh was found to be higher than
those of other regional studies of Bangladesh (Dhaka,
Chittagong, Southern districts of Bangladesh) [19, 20,
22], Pakistan (Bahawalpur, Lahore, and Punjab) [30,
31, 33], Juban (Yemen) [45], Coastline of Saudi Ara-
bia [50], and Algeria [65]; lower than those of Jordan
[46] which have exceptionally higher activity,
Mazandaran (Iran) [53], Iraq [54], three regional
Turkish studies (Marmara, Kirklareli, and Bursa) [56,
57, 59], Serbia and Montenegro [68], and Louisiana
(USA) [73]; and similar to that of Sichuan (China)
[38]. The details of the '37Cs concentration in soil sam-
ples along with the concentration of natural
radionuclides in the soil of some of the countries of the
world are given in tab. 4.

Correlation between the
activities of radionuclides

The correlation coefficients between the con-
centrations of radionuclides 22Th, 238U, 4K, and
137Cs found in soil samples were calculated and are
shown in tab. 3. In soil samples, the highest correlation
coefficient (» = 0.88) was found for 2*’Th and 238U
concentration levels; and the lowest (» = 0.13) was
found for 4°K and '¥’Cs. A good correlation between
232Th and 2*®U in soil samples and a very poor correla-
tion between “°K and !37Cs were observed. The highly
significant correlation between 23>Th and 23%U is con-
sistent with the geochemical behaviour of their com-
plexes, namely, the tendency of uranium and thorium
to concentrate in the fluid phase during magmatic dif-
ferentiation [14].
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Table 3. The correlation coefficients between the
concentrations of radionuclides

Serial Names of radionuclides between Correlation
which correlation coefficient is .
number caloulated coefficient (r)
1 #2Th and **U 0.8817
2 #2Th and “K 0.3562
3 #2Th and 'Cs 0.2929
4 28U and “K 0.3411
5 ¥ and *'Cs 0.1744
6 “K and *'Cs 0.1254

Radiological hazard indices

Radium equivalent activity: The highest Ra,
308.55 Bg/kg was found in the soil sample of Rangpur,
while the lowest Ra,, 95.23 Bq/kg was found in the soil
of Nabigonj with an average 212.26 +43.93 Bg/kg. The
highest Ra,, value found in the present study was con-
sistent with the study done by Hamid ez al. [21].

The average radium equivalent activity Ra,, of
the soil samples of Bangladesh was found to be higher
than those of three other regional studies of Bangla-
desh (Dhaka, Chittagong, and Jessore) [19, 20, 23],
Gudalore (India) [25], Kalpakkam (India) [27], North-
ern India [29], Pakistan [30-33, 36], Sri Lanka [17],
Sichuan (China) [38], Taiwan [39], Songkhla (Thai-
land) [40], one study of Malaysia [42], Vietnam [44],
Juban (Yemen) [45], Tafila (Jordan) [47], Saudi Ara-
bia [48-52], four studies of Turkey (Marmara,
Kirklareli, Izmir, and Bursa) [56-59], Tripoli (Libya)
[60], three studies of Egypt [61, 63, 64] but its sand
samples [62], Nigeria [66], Serbia and Montenegro
[68], Ireland [69], Cacers (Spain) [70], Hungary [71],
Louisiana (USA) [73], and the world average value
[18]; lower than those of two other studies of Bangla-
desh (Northern and Southern Districts of Bangladesh)
[21,22], Ooty (India) [24], Kanyakumari (India) [28],
China [37], another study of Malaysia [43],
Mazandaran (Iran) [53] which was remarkably higher,
Kestanbol (Turkey) [55], and south Cameroon [67];
and similar to the corresponding value of another
Kalpakkam study [26]. The details of the values are
shown in tab. 4.

Representative level index: The I, was found to
beranged from 2.25 Bq/kg to 0.70 Bq/kg with an aver-
age 1.55+0.32 Bg/kg. The highestand lowest level in-
dices were respectively found in the samples of
Rangpur and Nabigonj.

External hazard index: The average values of the
H,, was found to be 0.29 + 0.06 which is below the
permissible value 1. The H_, values were found to be
ranged between 0.42 and 0.13 for the soil samples of
Rangpur and Nabiganj, respectively.

Internal hazard index: The mean value of the H;,
was found to be 0.69 = 0.15 which is below the permis-
sible value 1. The highest and the lowest values of H;,
were also found in soil samples of Rangpur and
Nabiganj with the values 1.01 and 0.31, respectively.
The highest H;,, value was slightly above (1%) the per-

missible value. This finding is consistent with the find-
ings of Hamid ef al., [21]. Since Bangladesh has no
country-wide formal cancer registry, therefore no
comment could be drawn on the radiation hormesis or
cancer incidence at the north-west part of Bangladesh
especially at the Rangpur region.

Absorbed dose rate: The average absorbed dose
rate at gonad level (1 m above the ground) due to the
natural radionuclides in the soil samples was found to
be 97.27 £ 20.03 nGy/h ranging from 43.50 to
140.97 nGy/h. The lowest and the highest dose rates
were, respectively, found due to the radioactivity in the
soil samples of Nabiganj (in Habiganj District) and
Rangpur.

Annual effective dose rate: The average annual ef-
fective dose rate was found to be 119.37 + 24.58 uSv/y
due to the activity of naturally occurring radionuclides in
surface soil having a range from 53.39 to 173 uSv/y ob-
tained for the mentioned areas, respectively, by consider-
ing the outdoor occupancy factor of 20%. The similarity
of arithmetic and geometric mean values of the terrestrial
radiation dose levels indicated the normal distribution of
terrestrial radiation throughout Bangladesh.

Outdoor dose level

The average of the outdoor dose rates at the points
of'sample collection was found to be 0.20+0.07 uSv/h,
the minimum being 0.16 = 0.02 puSv/h in Sylhet,
Srimangal, and Sitakundo; while the maximum being
0.28 £ 0.04 uSv/h in Nachole. The average annual out-
door dose rate was estimated to be 1.87 + 0.27 mSv/y.
By considering the average worldwide indoor-outdoor
doseratio of 1.27[74] and the time occupancy factors of
66.67% indoors and 33.33% outdoors for Bangladeshi
people, the average total environmental radiation dose
rate was found to be 2.21 mSv/y which is close to the
corresponding world average value [4]. The annual out-
door dose rates of different sampling points are given in
the last column of tab. 1. All of the outdoor dose levels
were further investigated by cumulative frequency plot
(probability plot) to find out the geometric means and
geometric standard deviations. It was found that there
was no variation in the arithmetic and geometric mean
values for all types of measurement, which indicates
that the data were normally distributed. A poor correla-
tion coefficient 0.34 was found between the effective
annual outdoor dose rate due to radioactivity in surface
soil and the outdoor dose rate measured by the portable
radiation dose ratemeter. This indicated a non-uniform
variation of cosmic and other non-terrestrial radiation
levels at the measuring points during the study period.

CONCLUSIONS

The activity concentration levels of radionuclides
in soil samples of different regions are somewhat higher
than that of most reported values of the other countries
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Table 4. Comparison of data on average radioactivity [qug’l] in surface soil in different countries of the world

Sl No. Reference Area 28y 221 K Ycs Rae,
01 Present study Bangladesh 44.35+12.65 | 83.56+17.96 | 630.89 +173.85 537+487 212.26+43.93
02 Miah et al. [19] Dhaka, Bangladesh 33+7° 55+ 14° 574+ 111 7+2 155.73
03 Chowdhury et al. [20] Chittagong, Bangladesh| 37.2+21.0 60.0 £29.2 438 £ 142 1.08 £ 1.09 154 +74
04 Hamid et al. [21] Northern Bangladesh 91 +10° 151 +24 1958 + 400 NA? 426 £ 60
05 Chowdhury et al. [22] Southern Bangladesh 2+7° 81+14 833 £358 2.08+3.35 221 £40
06 Kabir et al. [23] Jessore, Bangladesh 48+9° 53+9 481+78 NA* 161 £20
07 | Selvasekarapandian et al. [24] Ooty, India 43.2+232 114.6 £52.5 274.6 £86.7 NA® 228.04
08 | Selvasekarapandian ef al. [25] Gudalore, India 37.7+10.1 753 +44.1 1952 +85.1 NA? 160.29
09 Kannan ef al. [26] Kalpakkam, India 16 119 406 (£1.0-2.8)" 217.23
10 Sowmya et al. [27] Kalpakkam, South India| 22.6+12.6 92.8+443 434.1+131.1 NA® 188.56
11 Shanthi et al. [28] Kanyakumari, India 20+ 14° 114+97 940 + 742 NA? 255.16
12 Mehra et al. [29] Northern India 50.50 83.04 337.53 NA? 198.86
13 Matiullah et al. [30] Bahawalpur, Pakistan 32.9+0.9° 53.6+14 647.4+ 14.1 1.5+0.2 158.5+4.1
14 Akhtar et al. [31] Lahore, Pakistan 25.8° 49.2 561.6 Below LLD 139.29
15 Tahir et al. [32] Punjab, Pakistan 35+7° 41+8 615+ 143 NA® 141 +27
16 Jabbar et al. [33] Punjab, Pakistan 50.6+1.7 62.3+3.2 662.2 +£32.1 3.1+£0.3 190.8 £ 8.7
17 Mujahid et al. [34] Baluchistan, Pakistan (15-27)°F (20-37)° (328-648)" NA? NA®
18 Mujahid ez al. [35] Sind, Pakistan (18-47)"" (24-69)" (254-769)" NA* NA*
19 Hewamanna et al. [17] Srilanka 34.84 72.17 584.60 NA® 182.91
20 Ziqiang et al. [37] China 61.5+37 89.8 £ 74 524 +162 NA* 230.09
21 Wang et al. [38] Sichuan, China 26 49 440 6 130
22 Tsai et al. [39] Taiwan 22.53 33.43 406.62 NA* 101.72
23 Kessaratikoon et al. [40] Songkhla, Thailand 67.66 + 4.96" 45.00+3.19 213.05+23.03 NA* 146.92
24 Abdul Rahman et al. [41] Ulu Tiram, Malaysia | 44.41+4.77° |21545+11.57° NA® NA* NA®
25 Alias et al. [42] Malaysia 19.45° 28.55¢ 103.08 NA® 60.68
26 Saat et al. [43] Malaysia 99.13° 139.98¢ 598.24 NA® 334.49
27 Huy et al. [44] Vietnam 42.77+18.15" | 59.84+19.81 | 411.93 +230.69 NA? 160.06 + 54.48
28 Abd El-mageed et al. [45] Juban, Yemen 444+45° 58.2+£5.1 822.7+31 4.779+0.4 190.83
29 Al Hamarneh et al. [46] Jordan NA?* NA? NA? 88 +31 NA?*
30 Abu-Haija, [47] Tafila, Jordan 223 2791 285.02 NA® 84.10
31 El-Aydarous, [48] Taif, Saudi Arabia 23.8+2.4° 18.6+1.7 162.8 +7.6 NA* 62.85
32 Alaamer, [49] Riyadh, Saudi Arabia 145+3.9° 11.2+39 225+ 63 NA? 47.8
33 Al-Trabulsy et al. [50] Coastline, Saudi Arabia 11.4+1.5° 22.5+£3.7 641.1+61.3 3.5+£0.7 92.9
34 Al-Zahrani, [51] Albaha, Saudi Arabia 37° 32 343 NA? 116
35 El-Taher et al. [52] Al-Qassim, Saudi Arabia) 9.5+ 2.8" 126+3.3 546 +23 NA? 68.1
36 Abbaspour ef al. [53] Mazandaran, Iran 1189 + 7838 65+162 545 +139 10.41 +7.86 1323.78
37 Ali et al. [54] Traq NA® NA® NA® 21.9 NA®
38 Merdanoglu et al. [55] Kestanbol, Turkey 105.12 192 1207 (306-.307310(‘).25243? 498
39 Kilic et al. [56] Marmara, Turkey 21.77+12.08 | 26.63 +£15.90 | 442.51 +189.85 2746 +21.84 93.85
40 Taskin et al. [57] Kirklareli, Turkey 28+13 40+18 667 + 281 8§+5 136.45
41 Fusun Cam et al. [58] Izmir, Turkey 38 63 633 NA® 176.69
42 Akkaya et al. [59] Bursa, Turkey 25+3° 26+3 435+44 8.52+2.59 96
43 Shenber, [60] Tripoli, Libya 10.5 9.5 270 NA* 44.84
44 Saleh et al. [61] Alexandria, Egypt 16.43 +2.89° 18.31£5.25 268.18 + 81.65 NA* 63.22
45 Abel-Ghany et al. [62] Egypt (sand samples) 94.94 80.22 700.79 NA® 263.60
46 Harb et al. [63] Egypt 15.6 11.98 430.63 NA® 65.84
47 El-Taher et al. [64] Safaga Dunes, Egypt 28.82° 14.03 558.39 NA? 91.57
48 Baggoura et al. [65] Algeria (5-176)*F (3-144)%* (36-1405)F (0.3-0.41)f NA®
49 Avwiri et al. [66] Nigeria 19.16 £1.23 21.26 £ 1.41 224.26 £ 10.1 NA? 60.75
50 Beyala Ateba et al. [67] South Cameroon 134 + 64° 177 £102 1482 + 280 NA® 500.86
51 Bikit et al. [68] Serbia and Montenegro 51+9 53+8 554+£92 19.54£9.38 169.33
52 McAulay et al. [69] Ireland 37 26 350 NA* 101.07
53 Baeza et al. [70] Caceres, Spain 45° 49 650 NA* 165
54 Papp, [71] Hungary 333 32.1 418 NA® 111.31
55 Tzortzis et al. [72] Cyprus (0.01-39.3)" (0.01-39.8)" (0.04-565.8)" NA* NA*
56 DeLaune et al. [73] Louisiana, USA 34+29 36+12 472 £223 23+1 121.74
57 UNSCEAR-2000. [18] Worldwide 32 45 420 NA® 128.59

*NA — not available; "measurement had been doe on **°Ra in the corresponding decay chain; “measurement had been done on ***Ac in the corre-
sponding decay chain; “measurement had been done on **Ra in the corresponding decay chain; ‘elemental concentration ppm given in the paper
had been converted into radiological concentration [Bqkg ']; and ‘range
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(tab. 4). This is perhaps due to the geological character-
istics of the earth. No significant amount of '3’Cs in the
soil samples was detected. No significant difference
was found in average concentration levels of the mea-
sured radionuclides in soil of different regions of Ban-
gladesh. So there is no obvious influence of nuclear ex-
plosions and accidents on the environment of
Bangladesh and have no radiation impact of Chernobyl
accident on the environment of Bangladesh. However,
slightly elevated level of internal hazard index (H,,) was
found in Rangpur region. The present study will serve
as a baseline radiological data for Bangladesh.
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IInaman Panpan YAKPABOPTHU

PAINOJOIMKA INPOIEHA INOBPHIMHCKOI' 3EM/bMIITA BAHITAIEIIA

Ynorpebom HPGe aerekTopa BHCOKE pe3onylyje M3MEpeHe Cy CrlenuuIHe aKTHBHOCTH
paguonykmuga 23?Th, 28U, YK u '¥Cs ma 56 nokamuja HETAKHYTOr MOBPIIMHCKOT 3€MJBUIITA, KOjE
npekpuBajy uuras npocrop banrmapema. Cpenmbe BpefHOCTH ClielM(PUIHUX aKTUBHOCTU NOMEHYTHX
PaANOHYKIIN/A U3HOCHIIA CY TIO pefocieny: 83.56 £17.96 Bq/kg, 44.35 £ 12.65 Bg/kg, 630.89 £173.85 Bq/kgn
5.37 + 4.87 Bg/kg. Youena je fo6pa kopenanuja usmeby akrusnoctn 2>?Th u 238U, UspauynaTu cy cneaehn
PalMONIOIIKY TapaMETPH: €KBUBAJIEHTHA aKTUBHOCT pajujyMa (Rdy), HHAEKC PENPE3CHTaTHBHOT HUBOA
(1,,), napeKC cnombatber xazapaa (H.,), nHiekc yayTpauber xasapaa (H;,), jaunna ancopbosaue nose (D)
U CIIOJballllha jaurHa J103€ ycie/| NPUPONHUX paguoHykiauaa. [To gatom pefocieny, Cpeimbe BPeIHOCTH
oBuX napameTapa cy: 212.26 £43.93 Bqg/kg, 1.55 £ 0.32 Bq/kg, 0.29 + 0.06, 0.69 £ 0.15, 97.27 £ 20.03 nGy/h, u
119.37 £+ 24.58 pSv/y. HuBou 3pauema Ha MecTUMa CaKyllJbamka y30paka MEPEHU CYy NPEHOCUBUM
uHcTpyMeHTHMA. Cpefiba BpeAHOCT criojballllbhe jaunHe gose ouna je 0.20 £ 0.07 uSv/h, y oncery ox 0.16 £
0.02uSv/h 1o 0.28 £ 0.04 uSv/h. YTBpheno je 1a je pacnoiena mpupoHUX paguoHyKIua HopMmanaa. Hugon
KOHI[EHTpaldje pa3IuIATHX pafUOHYKINAA YIOPEAWBH Cy ca OfroapajyhuMm permcrpoBaHuM
BpPEIHOCTHMA Y 3eMJBHIITUMA IPYTHUX IPKaBa.

Kwyune peuu: lospuiutcko 3emmuuiitie, banzaadeut, 2ama ciiexiipomeiipuja,
UHOEKC padujayloH0Z Xa3apoa, jauura 0o3e



