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The spe cific ac tiv i ties of 232Th, 238U, 40K, and 137Cs in un dis turbed sur face soil at 56 lo ca tions
of Ban gla desh, cov er ing its en tire area, were mea sured us ing high res o lu tion HPGe de tec tor.
The mean spe cific ac tiv ity con cen tra tions of the men tioned radionuclides were re spec tively
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 cor re la tion be tween the ac tiv i ties of 232Th and 238U was found. The ra -
dio log i cal pa ram e ters namely ra dium equiv a lent ac tiv ity, rep re sen ta tive level in dex, ex ter nal
haz ard in dex, in ter nal haz ard in dex, ab sorbed dose rate, and ef fec tive an nual out door dose
rate due to the nat u ral radionuclides were also cal cu lated. The av er age val ues of the men -
tioned pa ram e ters 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 mSv/y, re spec tively. The ra di a tion dose
lev els at the points of sam ple col lec tion were also mea sured by a por ta ble ra di a tion dose
rate-me ter. The av er age value of the out door dose rate was found to be 0.20 ± 0.07 mSv/h
rang ing from 0.16 ± 0.02 mSv/h to 0.28 ± 0.04 mSv/h. The dis tri bu tions of nat u ral
radionuclides were found to be nor mal. The con cen tra tion lev els of dif fer ent radionuclides
were com pa ra ble to the cor re spond ing re ported val ues of the soil of dif fer ent coun tries.
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IN TRO DUC TION

The main sources of nat u ral back ground ra di a -
tion are the nat u rally oc cur ring radionuclides in the
ground (232Th and 238U and their de cay prod ucts; 40K
etc.). High nat u ral ra di a tion lev els have been found in
some of the coun tries of the world like Brazil, China,
and In dia [1, 2]. More over, en hanced ra dio ac tiv ity due 
to nat u ral oil and gas pro duc tion was also ob served in a 
North Ger man oil field [3]. The av er age an nual ef fec -
tive dose to adults from nat u ral sources of ion iz ing ra -
di a tion is 2.4 mSv [4]. In ad di tion to this, peo ple are
also ex posed to ar ti fi cial sources of ra di a tion. Ar ti fi -
cial ra dio ac tive iso topes (such as 137Cs, 90Sr, 239Pu,
etc.) from fall out, op er a tion of nu clear fa cil i ties, etc. if
in tro duced into the en vi ron ment, will even tu ally reach 
hu mans via the food chain. Amongst the ar ti fi cial
sources, 137Cs is con sid ered one of the most haz ard ous
radionuclides. The Chernobyl ac ci dent on April 26,
1986, in Ukraine be came an un prec e dented source of
radionuclides in put to the en vi ron ment, which re -
leased about 3.7×107 GBq of 137Cs to the en vi ron ment
[5], the to tal amount of dis charged radionuclides was
~3.6 EBq (100 MCi) [6].

 Ban gla desh is a ri par ian coun try lo cated at
88°01'E – 92°41'E lon gi tude and at lat i tude 20°34'N –

26°38'N hav ing com par a tively high pop u la tion den -
sity. It also has nat u ral gas and oil. It is geo graph i cally
quite down ward to In dia. Most of the rivers of Ban gla -
desh orig i nate from the hill tracts of In dia, Ne pal, and
Bhu tan; and flow through the land of In dia. There fore
its land might be con tam i nated by ra dio ac tive sources
from the up stream and from sea and river wa ter
(through cy clone and flood).

As an af ter math of Chernobyl ac ci dent, the ra -
dio ac tiv ity lev els in soil have been mea sured in dif fer -
ent coun tries of the world [7]. In Ban gla desh, no sys -
tem atic data are avail able in this re gard. It is there fore
nec es sary to know the pres ent level of ra dio ac tiv ity in
soil sam ples of Ban gla desh. In this con text, a pro gram
has been un der taken to mea sure the ra dio ac tiv ity lev -
els due to fall out and nat u ral or i gin in soil sam ples of
dif fer ent lo ca tions of Ban gla desh.

MA TE RI ALS AND METH ODS

Study area, sam pling and prep a ra tion

In or der to as sess the con cen tra tion lev els of the
radionuclides 232Th, 238U, 40K, and 137Cs in the soil of
Ban gla desh, 56 lo ca tion as shown in fig. 1, were se -
lected all over Ban gla desh by con sid er ing the pop u la -
tion den sity, area, and the com mu ni ca tion sys tem(s)
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for sam ple col lec tion. These 56 lo ca tions cov ered the
en tire geo graph ical area of Ban gla desh. From each of
the lo ca tions, un dis turbed soil sam ples were col lected
for mea sur ing the ra dio ac tiv ity. At each of the pre-se -
lected 56 sam pling sta tions, ap prox i mately 1.5 kg of
soil was taken from a 20 cm  ́  20 cm wide and ap prox -
i mately 3 cm deep sur face area of un dis turbed land
(the land which was kept in nat u ral con di tion i. e., the
land which has never been ploughed, cul ti vated, dug,
fer til ized, or landfilled dur ing the last 20 years pe riod,
ig nor ing the nat u ral flow/drain age of rain wa ter and
nor mal land ero sion; so that it may be con sid ered as
the rep re sen ta tive land of the sam pling sta tion). The
soil sam ples were pack aged tightly in poly thene bags
in such a way that no frac tion of the col lected soil
could nor mally es cape the poly thene bag. In di vid ual

iden ti fi ca tion marks were given to each of the soil
sam ple pack ets with marker pens. The out door ra di a -
tion dose lev els at the points of sam ple col lec tion and
nearby places were mea sured sev eral times at each
point by a por ta ble ra di a tion dose rate-me ter “PDR
1Sv” and the means were cal cu lated for each sam pling
point.

The soil sam ples were crushed into pow der in di -
vid u ally and then sieved by a 1.0 mm sieve. All of the
sam ples were in dry con di tion as these were col lected
dur ing the dry sea son. Then 1 kg of pure soil from each 
of the crushed and sieved sam ple was mea sured in di -
vid u ally by a sen si tive bal ance. The pow dered 1kg
sam ples were then poured into Marinelli beak ers care -
fully and sealed air-tightly. The sealed soil sam ples
were al lowed to at tain the ra dio ac tive sec u lar equi lib -
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Fig ure 1. Map of Ban gla desh show ing dif fer ent lo ca tions of sam ple collection



rium be tween 226Ra and its prog e nies by pre serv ing
them in an air tight con di tion in di vid u ally for 28 days
[8].

Gamma-spec trom e try and
an a lyt i cal pro ce dure

The ra dio ac tiv ity was mea sured by the aid of a
high pu rity ger ma nium de tec tor in ter faced with nec es -
sary elec tronic ac ces so ries. The high pu rity ger ma -
nium “closed-end-co ax ial p-type dip stick” ra di a tion
de tec tor “Silena” was em ployed in the pres ent study
for mea sure ment of g-ac tiv ity in soil sam ples col lected 
from dif fer ent lo ca tions in Ban gla desh. The ef fi cien -
cies of the de tec tor em ployed at dif fer ent en er gies
were de ter mined by em ploy ing stan dard pro ce dure
[9]. The most gamma en ergy 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 iden ti fied. 
For most of the sam ples a gamma en ergy peak at
661.66 keV was also iden ti fied. These en ergy peaks
were used for the es ti ma tion of the cor re spond ing
radionuclides. The count ing pe riod for each of the
sam ple was 20 000 sec onds.

The equi lib ri ums be tween 232Th and its prog e -
nies and 238U and its prog e nies had been con sid ered
and there fore the spe cific ac tiv i ties of the radionuclei
232Th and 238U were cal cu lated with the cor rec tions on
the re spec tive de cay schemes. For 232Th, the ac tiv i ties
of 212Pb, 208Tl, and 228Ac had been con sid ered; for
238U, the ac tiv i ties of 214Pb and 214Bi had been mea -
sured; how ever, the spe cific ac tiv i ties of 40K and 137Cs
had been de ter mined di rectly by sin gle chan nel en ergy 
counts and by us ing the fol low ing for mula [9]

A
C

E I W
=
e g( )

(1)

where A [Bqkg–1] is the ac tiv ity of the sam ple, C [s–1] –
the peak area counts, e(E)  [keV] – the ef fi ciency of the
de tec tor at en ergy E, Ig [keV] – the pho ton emis sion
prob a bil ity at en ergy E, and W [kg] – the mass of the
soil sam ples.

The sta tis ti cal er rors were con sid ered in cal cu -
lat ing the ra dio ac tive con cen tra tion lev els of the sam -
ples by em ploy ing stan dard math e mat i cal for mula
[10]. In the pres ent study,  ±1s of all the mea sure ments 
were con sid ered as it cov ers 68.27% of most prob a ble
val ues.

Out door ra di a tion dose level

Ra di a tion dose lev els at 56 sta tions cov er ing en -
tire area of Ban gla desh were mea sured by a rou tinely
cal i brated (at the Sec ond ary Stan dard Do sim e try Lab -
o ra tory, In sti tute of Nu clear Sci ence and Tech nol ogy,
Atomic En ergy Re search Es tab lish ment, Ban gla desh

Atomic En ergy Com mis sion) low level por ta ble ra di a -
tion dose rate sur vey me ter “PDR 1Sv” (NE
Tech nol ogy Lim ited, Eng land, 1990). With each dose
mea sure ment, the dose level was ob served for at least
two min utes in the dis play-scale of the “PDR 1Sv” at
one me ter above the ground (go nad level). Sev eral
pairs of read ings were taken from each of the spots and 
sur round ings. All mea sure ments taken in cluded the
min i mum dose level, the max i mum dose level, and the
trend (av er age) dose level and they were noted down,
in di vid u ally. Fi nally, the av er age trend dose lev els
were cal cu lated for each site.

Cu mu la tive fre quency plot

In or der to de ter mine the Geo met ric Mean and
Geo met ric Stan dard De vi a tion of data, the net read -
ings were eval u ated with the help of the Cu mu la tive
Fre quency Plot. The cu mu la tive fre quency plot or
sim ply the prob a bil ity plot of a se ries of en tries in data
set is a tool for de ter min ing its geo met ric mean (GM)
and geo met ric stan dard de vi a tion (GSD). To draw the
cu mu la tive fre quency plot (prob a bil ity plot) for data
con tain ing a num ber of en tries, the en tries were ranked 
at first by ar rang ing them in as cend ing or der and then
the cu mu la tive percents were cal cu lated by us ing the
for mula [11]

Cumulative  percent =
-100 05( . )i

n
(2)

where i is the se rial po si tion and n – the to tal num ber of
en tries. In the pres ent study, cu mu la tive fre quency
plots were drawn for find ing out the geo met ric av er age 
con cen tra tions and stan dard de vi a tions of the
radionuclides 232Th, 238U, 40K, and, 137Cs found in soil
col lected from dif fer ent lo ca tions of Ban gla desh and
the con se quent ra di a tion dose lev els; and for the out -
door dose lev els mea sured in stantly by a sur vey me ter.

Fre quency dis tri bu tion of the
con cen tra tions of radionuclides

Fre quency dis tri bu tion of the con cen tra tions of
the radionuclides 232Th, 238U, 40K, and 137Cs were also
done. The dis tri bu tions were plot ted by classes of the
con cen tra tions of a radionuclide as ab scissa and the cor -
re spond ing fre quen cies (in per cent) as or di nate [12].

Ra di a tion haz ard in di ces

Ra di a tion haz ards due to the con cen tra tions of
nat u ral ra dio iso topes (232Th, 238U, and 40K) found in
soil sam ples were cal cu lated. Six in di ces were used in
this re gard, namely: ra dium equiv a lent ac tiv ity (Raeq),
rep re sen ta tive level in dex (Igr), ex ter nal haz ard in dex
(Hex), in ter nal haz ard in dex (Hin), ab sorbed dose rate
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(D), and the an nual ef fec tive out door ra di a tion dose
rate (E). These in di ces sim ply de note the lev els of haz -
ard due to nat u ral ra dio ac tive nu clei and help to com -
pare the haz ard lev els of dif fer ent sam ples.

Ra dium equiv a lent ac tiv ity: Raeq of the ac tiv i ties
of the nat u ral radionuclides in in di vid ual sam ples was
cal cu lated by us ing stan dard for mula [13]

Ra C C Ceq Ra Th K= + æ
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where CRa, CTh, and CK [Bqkg–1] are the ac tiv ity con -
cen tra tions of 226Ra, 232Th, and 40K, re spec tively.
Since 226Ra and 238U were in sec u lar equi lib rium dur -
ing read ing out pe riod, the ac tiv ity of 238U was as -
sumed to be equal to the ac tiv ity of 226Ra in the pres -
ent study. 

Rep re sen ta tive level in dex: Igr of the nat u ral
radionuclides in in di vid ual sam ples was cal cu lated by
em ploy ing the stan dard for mula [14-16]
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where CRa, CTh, and CK are the same as de fined ear lier.
Ex ter nal haz ard in dex: Ex ter nal haz ard in di ces

due to the nat u ral radionuclides were cal cu lated by
em ploy ing the fol low ing for mula [17]

H
C C C

ex
Ra Th K= + +

740 520 9620
(5)

where CRa, CTh, and CK [Bqkg–1] are the spe cific ac tiv i -
ties of the radionuclides 226Ra (238U in the pres ent
study), 232Th and 40K re spec tively.

In ter nal haz ard in dex: In ter nal haz ard in di ces
due to the men tioned nat u ral radionuclides were also
cal cu lated by us ing the fol low ing for mula [18]

H
A A A

in
Ra Th K= + +

185 259 4810
(6)

where ARa, ATh, and AK [Bqkg–1] are the spe cific ac tiv i -
ties of the radionuclides 226Ra (238U in the pres ent
study), 232Th, and 40K, re spec tively.

Ab sorbed dose rate: The ab sorbed dose rates due 
to gamma ra di a tions in air at 1 m above the ground sur -
face for the nat u rally oc cur ring radionuclides 238U,
232Th, and 40K were cal cu lated by [18]

D C C C= + +0462 0604 00417. . .Ra Th K (7)

where D [nGyh–1], and CRa, CTh, and CK [Bqkg–1] are
the ac tiv ity con cen tra tions of 226Ra (238U in the pres ent
study), 232Th, and 40K, re spec tively. 

An nual ef fec tive ra di a tion dose rate: The an nual
ef fec tive out door dose rate E [µSvy–1] was cal cu lated
by em ploy ing the for mula [18]

 E [µSvy–1] = dose rate [nGyh–1] × 24 hour ×
´.365.25 day × 0.2 (oc cu pancy fac tor) × 

´ 0.7 Sv/Gy (con ver sion co ef fi cient) × 0.001 (8)

RE SULTS AND DIS CUS SION

Con cen tra tion of nat u ral and
anthropogenic radionuclides in
sur face soil

The mea sured spe cific ac tiv i ties of the
radionuclides 232Th, 238U, 40K, and 137Cs in soil sam -
ples of dif fer ent re gions of Ban gla desh are given in
tab. 1 along with the other ra dio log i cal pa ram e ters.
Fol low ing are the short de scrip tions of those.

Tho rium-232: The av er age con cen tra tion of 232Th
in soil sam ples was found to be 83.56 ± 17.96 Bq/kg
rang ing from 39.27 ± 7.74 to 128.21 ± 7.83 Bq/kg. The
low est ac tiv ity was found in the soil sam ple col lected
from Nabigonj (in Habigonj dis trict) and the high est ac -
tiv ity was found in the soil sam ple of Nachole (in Chapai
Nawabgonj dis trict) [tab. 2]. From the cor re spond ing cu -
mu la tive fre quency plot, it was found that the geo met ric
mean of 232Th in soil sam ples is 83.50 Bq/kg which is ap -
prox i mately equal to the arith me tic mean value; in di cat -
ing the nor mal dis tri bu tion. The geo met ric means and
geo met ric stan dard de vi a tions of the con cen tra tions of
radionuclides 232Th, 238U, 40K, and 137Cs along with the
arith me tic means and stan dard de vi a tions are shown in
tab. 2. The fre quency dis tri bu tion of 232Th con cen tra -
tions (as shown in fig. 2) also re veals that the dis tri bu tion
is nor mal.

The av er age level of ra dio ac tiv ity of 232Th in the
pres ent study was found to be higher than those of the
other re gional stud ies of Ban gla desh [19, 20, 22, 23]
ex cept for the one con ducted in North ern Dis tricts
[21], Gudalore (In dia) [25], Pa ki stan [30-36], Sri
Lanka [17], Sichuan (China) [37], Tai wan [39],
Songkhla (Thai land) [40], in one study of Ma lay sia
[42], Viet nam [44], Juban (Ye men) [45], Tafila (Jor -
dan) [47], Saudi Ara bia [48-52], Mazandaran (Iran)
[53], four lo cal stud ies of Tur key (Marmara,
Kirklareli, Izmir, and Bursa) [56-59], Tri poli (Libya)
[60], Egypt [61-64], Ni ge ria [66], Ser bia and
Montenegro [68], Ire land [69], Caceres (Spain) [70],
Hun gary [71], Cy prus [72], Lou i si ana (USA) [73] and
also the world av er age [18] value; lower than those of
Ooty (In dia) [24], three South In dian stud ies [26-28],
China [37], two stud ies of Ma lay sia [41, 43],
Kestanbol (Tur key) [55], and South Cam er oon [67];
and sim i lar to that of North ern In dia [29]; which are
shown in tab. 4.

Ura nium-238: Av er age spe cific ac tiv ity of 238U
was found to be 44.35 ± 12.65 Bq/kg with a range
17.84 ± 6.21 to 76.06 ± 7.58 Bq/kg. The low est con -
cen tra tion of 238U was found in the sam ple of
Nabigonj while the high est con cen tra tion was found in 
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Ta ble 1. Spe cific ac tiv ity of radionuclides in soil sam ples col lected from dif fer ent lo ca tions in Ban gla desh along with some
con se quent ra dio log i cal in di ces and an nual out door dose rate mea sured by por ta ble ra di a tion dose rate-me ter

Map.
Loc.
No.

Location

Activity [Bqkg–1]
Radium

equivalent
[Bqkg–1]

Represent. 
level index 
[Bqkg–1]

External
hazard
index

Internal
hazard
index

Dose
rate

[nGyh–1]

Annual
effective

outdoor dose

[mSv]

Annual
outdoor
dose rate

[mSv]

232Th 238U 40K 137Cs

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 Be low 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 Be low 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 4.98 ± 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 ± 1.70 222.48 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 Be low 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 4.38 ± 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 Be low 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 Be low 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 4.36 ± 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 2.37

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 Be low 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 Be low 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 Be low 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 Be low 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 Be low 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 Be low 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 Be low 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



the sam ple col lected from Nachole [tab. 2]. The geo -
met ric mean and geo met ric stan dard de vi a tion of 238U
in soil sam ples were de ter mined us ing the cu mu la tive
fre quency plot. The geo met ric mean was found to be
44.30 Bq/kg and the geo met ric stan dard de vi a tion was
1.32. The close prox im ity of the arith me tic mean and
geo met ric mean in di cates the dis tri bu tion of 238U in
soil sam ples is nor mal. The fre quency dis tri bu tion of
238U con cen tra tions in soil sam ples as shown in fig. 3
also in di cates that the dis tri bu tion is nor mal.

The ra tio be tween the av er age con cen tra tions of
the nuclides 238U and 232Th was found to be 0.53 which 
is con sis tent with the UNSCEAR-2000 [18] re ports.

The av er age level of 238U in soil sam ples was
found to be higher than those of the lev els of three re -
gional stud ies of Ban gla desh (Dhaka, Chittagong, and
South ern Dis tricts) [19, 20, 22], five re gional stud ies
of In dia (Ooty, Gudalore, Kalpakkam-2, and
Kanyakumari) [24-28], four lo cal stud ies of Pa ki stan
(Bahawalpur, La hore, Punjab, and Baluchistan)
[30-32, 34], Sri Lanka [17], Sichuan (China) [38], Tai -
wan [39], one study of Ma lay sia [42], Viet nam [44],
Tafila (Jor dan) [47], five stud ies of Saudi Ara bia
[48-52], four re gional stud ies of Tur key (Marmara,
Kirklareli, Izmir, and Bursa) [56-59], Tri poli (Libya)
[60], three stud ies of Egypt [61, 63, 64] ex cept one in
Egyp tian Sand [62], Ni ge ria [66], Ire land [69], Hun -
gary [71], Cy prus [72], Lou i si ana (USA) [73], and the
world av er age value [18]; lower than the cor re spond -
ing val ues found in the stud ies of North ern Ban gla -
desh [21], Jessore (Ban gla desh) [23], North ern In dia
[29], in one study of Punjab (Pa ki stan) [33], China
[37], Songkhla (Thai land) [40], in an other study of
Ma lay sia [43], Mazandaran (Iran) [53] which was ex -
cep tion ally higher, Kestanbol (Tur key) [55], South
Cam er oon [67], and Ser bia and Montenegro [68]; and
sim i lar to those of Juban (Ye men) [45], and Caceres
(Spain) [70] [tab. 4]. 

Po tas sium-40: The av er age con cen tra tion of ra -
dio ac tive po tas sium (40K) was found to be 630.89 ±
±.173.85 Bq/kg rang ing be tween 276.78 ± 61.47 and
923.79 ± 69.02 Bq/kg. The high est and low est ac tiv i -
ties of 40K found in the soil sam ples col lected from
Khulna and Nabigonj, re spec tively, [tab. 2]. The geo -
met ric mean and geo met ric stan dard de vi a tion of 40K
con cen tra tion in soil sam ples were found to be 632.0
Bq/kg and 1.32, re spec tively, from the cor re spond ing
cu mu la tive fre quency plot. The close prox im ity of av -
er age 40K con cen tra tion in soil sam ples in arith me tic
and geo met ric view in di cates that the dis tri bu tion is
nor mal. The fre quency dis tri bu tion of the con cen tra -
tions of 40K found as shown in fig. 4 also man i fests that 
the dis tri bu tion is nor mal.

The con cen tra tion level of 40K in soil sam ples of
Ban gla desh was found to be higher than those of the
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Ta ble 2. The range and av er age ac tiv i ties of radionuclides (in Bqkg–1 unit)

Name of
radionuclide

Min i mum ac tiv ity ±1s
[lo ca tion and no. in map]

Max i mum ac tiv ity ±1s
[lo ca tion and no. in map]

(Arith me tic) Mean 
ac tiv ity ±1 s

Geo met ric*

Mean activity Stan dard de vi a tion (1s)
232Th 39.27 ± 7.74 [Nabigonj, 52] 128.21 ± 7.83 [Nachole, 21] 83.56 ± 17.96 83.50 1.23
238U 17.84 ± 6.21 [Nabigonj, 52] 76.06 ± 7.58 [Nachole, 21] 44.35 ± 12.65 44.30 1.32
40K 276.78 ± 61.47 [Nabigonj, 52] 923.79 ± 69.02 [Khulna, 27] 630.89 ± 173.85 632.0 1.32

137Cs 2.76 ± 1.51 [Natore, 19]** 26.79 ± 2.23 [Jaflong, 04] 5.37 ± 4.87 5.30 1.96

*   Geo met ric mean and stan dard de vi a tion were found from the cor re spond ing cu mu la tive fre quency plot (prob a bil ity plot).
        Geo met ric stan dard de vi a tion has no unit as it is sim ply a ra tio be tween the cor re spond ing val ues of 50% and 84.1%   cu mu la tive fre quency. 
** This min i mum ac tiv ity is the cor re spond ing min i mum ac tiv ity de tected above the MDC (ig nor ing all min i mum ac tiv i ties). 
     In cal cu lat ing the av er age val ues, all min i mum val ues were as sumed to be zero.

Fig ure 2. Fre quency distribution of 232Th

Fig ure 3. Fre quency dis tri bu tion of 238U



lev els of three other re gional stud ies of Ban gla desh
(Dhaka, Chittagong, and Jessore) [19, 20, 23], five
stud ies of In dia (Ooty, Gudalore, Kalpakkam-2, and
North ern In dia) [24-27, 29], three stud ies of Pa ki stan
(La hore, Punjab and Islamabad) [31, 32, 36], Sri
Lanka [17], China [37, 38], Tai wan [39], Songkhla
(Thai land) [40],  two stud ies of Ma lay sia [42, 43],
Viet nam [44], Tafila (Jor dan) [47], Saudi Ara bia [48,
49, 50, 52] ex cept that for its coast line [50],
Mazandaran (Iran) [53], Marmara (Tur key) [56],
Bursa (Tur key) [59], Tri poli (Libya) [60], Egyp tian
stud ies [61, 63, 64] ex cept its sand sam ples [62], Ni ge -
ria [66], Ser bia and Montenegro [68], Ire land [69],
Hun gary [71], Cy prus [72], Lou i si ana (USA) [73],
and the world av er age value [18]; lower than the cor re -
spond ing val ues of two other re gional stud ies of Ban -
gla desh (North ern and South ern dis tricts) [21, 22],
Kanyakumari (In dia) [28], two other stud ies of Pa ki -
stan (Bahawalpur, and Punjab) [30, 33], Juban (Ye -
men) [45], Kestanbol (Tur key) [55], Kirklareli (Tur -
key) [57], South Cam er oon [67], and Caceres (Spain)
[70]; and sim i lar to the cor re spond ing value of Izmir
(Tur key) [58] (tab. 4). 

Cae sium-137: The av er age spe cific ac tiv ity of
137Cs in soil sam ples of  Ban gla desh de ter mined was
5.37 ± 4.87  Bq/kg  with  a  range from 2.76 ± 1.51 to
26.79 ± 2.23 Bq/kg. The high est ac tiv ity 26.79 ± 2.23
Bq/kg was found in the soil sam ple of Jaflong while the
low est de tected ac tiv ity 2.76 ± 1.51 Bq/kg was found in
the soil sam ples of Natore (above MDC) (tab. 2). Jaflong
is sit u ated at the down stream of In dian state
“Meghalaya” and the level of 137Cs ac tiv ity de tected in
the soil sam ple of Jaflong was a clear in di ca tion of nu -
clear ac tiv i ties in its up stream (since no nu clear ac tiv ity
was held at that area within Ban gla desh). Out of 56 soil
sam ples col lected from 56 dif fer ent lo ca tions of Ban gla -
desh, no 137Cs ac tiv ity was de tected in 14 sam ples (25%), 
e. g., Srimangal, Chandpur, Gopalgonj, etc. The geo met -
ric mean and stan dard de vi a tion of 137Cs con cen tra tion in 
soil sam ples found were 5.30 Bq/kg and 1.96, re spec -

tively, from the cor re spond ing cu mu la tive fre quency plot 
of 137Cs in soil sam ples. The ap prox i mately equal arith -
me tic and geo met ric av er age con cen tra tion val ues of
137Cs in soil sam ples re veal the nor mal dis tri bu tion. The
fre quency dis tri bu tion of the con cen tra tions of 137Cs is
shown in fig. 5.

The av er age con cen tra tion level of 137Cs in soil
sam ples of Ban gla desh was found to be higher than
those of other re gional stud ies of Ban gla desh (Dhaka,
Chittagong, South ern dis tricts of Ban gla desh) [19, 20,
22], Pa ki stan (Bahawalpur, La hore, and Punjab) [30,
31, 33], Juban (Ye men) [45], Coast line of Saudi Ara -
bia [50], and Al ge ria [65]; lower than those of Jor dan
[46] which have ex cep tion ally higher ac tiv ity,
Mazandaran (Iran) [53], Iraq [54], three re gional
Turk ish stud ies (Marmara, Kirklareli, and Bursa) [56,
57, 59], Ser bia and Montenegro [68], and Lou i si ana
(USA) [73]; and sim i lar to that of Sichuan (China)
[38]. The de tails of the 137Cs con cen tra tion in soil sam -
ples along with the con cen tra tion of nat u ral
radionuclides in the soil of some of the coun tries of the
world are given in tab. 4. 

Cor re la tion be tween the
ac tiv i ties of radionuclides

The cor re la tion co ef fi cients be tween the con -
cen tra tions of radionuclides 232Th, 238U, 40K, and
137Cs found in soil sam ples were cal cu lated and are
shown in tab. 3. In soil sam ples, the high est cor re la tion 
co ef fi cient (r = 0.88) was found for 232Th and 238U
con cen tra tion lev els; and the low est (r = 0.13) was
found for 40K and 137Cs. A good cor re la tion be tween
232Th and 238U in soil sam ples and a very poor cor re la -
tion be tween 40K and 137Cs were ob served. The highly
sig nif i cant cor re la tion be tween 232Th and 238U is con -
sis tent with the geo chem i cal be hav iour of their com -
plexes, namely, the ten dency of ura nium and tho rium
to con cen trate in the fluid phase dur ing mag matic dif -
fer en ti a tion [14]. 
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Fig ure 4. Fre quency dis tri bu tion of 40K Fig ure 5. Fre quency dis tri bu tion of 137Cs



Ra dio log i cal haz ard in di ces

Ra dium equiv a lent ac tiv ity: The high est Raeq

308.55 Bq/kg was found in the soil sam ple of Rangpur,
while the low est Raeq 95.23 Bq/kg was found in the soil
of Nabigonj with an av er age 212.26 ± 43.93 Bq/kg. The 
high est Raeq value found in the pres ent study was con -
sis tent with the study done by Hamid et al. [21].

The av er age ra dium equiv a lent ac tiv ity Raeq of
the soil sam ples of Ban gla desh was found to be higher
than those of three other re gional stud ies of Ban gla -
desh (Dhaka, Chittagong, and Jessore) [19, 20, 23],
Gudalore (In dia) [25], Kalpakkam (In dia) [27], North -
ern In dia [29], Pa ki stan [30-33, 36], Sri Lanka  [17],
Sichuan (China) [38], Tai wan [39], Songkhla (Thai -
land) [40], one study of Ma lay sia [42], Viet nam [44],
Juban (Ye men) [45], Tafila (Jor dan) [47], Saudi Ara -
bia [48-52], four stud ies of Tur key (Marmara,
Kirklareli, Izmir, and Bursa) [56-59], Tri poli (Libya)
[60], three stud ies of Egypt [61, 63, 64] but its sand
sam ples [62], Ni ge ria [66], Ser bia and Montenegro
[68], Ire land [69], Cacers (Spain) [70], Hun gary [71],
Lou i si ana (USA) [73], and the world av er age value
[18]; lower than those of two other stud ies of Ban gla -
desh (North ern and South ern Dis tricts of Ban gla desh)
[21, 22], Ooty (In dia) [24], Kanyakumari (In dia) [28],
China [37], an other study of Ma lay sia [43],
Mazandaran (Iran) [53] which was re mark ably higher, 
Kestanbol (Tur key) [55], and south Cam er oon [67];
and sim i lar to the cor re spond ing value of an other
Kalpakkam study [26]. The de tails of the val ues are
shown in tab. 4.

Rep re sen ta tive level in dex: The Igr was found to
be ranged from 2.25 Bq/kg to 0.70 Bq/kg with an av er -
age 1.55 ± 0.32 Bq/kg. The high est and low est level in -
di ces were re spec tively found in the sam ples of
Rangpur and Nabigonj.

Ex ter nal haz ard in dex: The av er age val ues of the 
Hex was found to be 0.29 ± 0.06 which is be low the
per mis si ble value 1. The Hex val ues were found to be
ranged be tween 0.42 and 0.13 for the soil sam ples of
Rangpur and Nabiganj, re spec tively. 

In ter nal haz ard in dex: The mean value of the Hin

was found to be 0.69 ± 0.15 which is be low the per mis -
si ble value 1. The high est and the low est val ues of Hin

were also found in soil sam ples of Rangpur and
Nabiganj with the val ues 1.01 and 0.31, re spec tively.
The high est Hin value was slightly above (1%) the per -

mis si ble value. This find ing is con sis tent with the find -
ings of Hamid et al., [21]. Since Ban gla desh has no
coun try-wide for mal can cer reg is try, there fore no
com ment could be drawn on the ra di a tion hormesis or
can cer in ci dence at the north-west part of Ban gla desh
es pe cially at the Rangpur re gion.

Ab sorbed dose rate: The av er age ab sorbed dose
rate at go nad level (1 m above the ground) due to the
nat u ral radionuclides in the soil sam ples was found to
be  97.27  ±  20.03  nGy/h  rang ing  from  43.50  to
140.97 nGy/h. The low est and the high est dose rates
were, re spec tively, found due to the ra dio ac tiv ity in the 
soil sam ples of Nabiganj (in Habiganj Dis trict) and
Rangpur.

An nual ef fec tive dose rate: The av er age an nual ef -
fec tive dose rate was found to be 119.37 ± 24.58 µSv/y
due to the ac tiv ity of nat u rally oc cur ring radionuclides in
sur face soil hav ing a range from 53.39 to 173 µSv/y ob -
tained for the men tioned ar eas, re spec tively, by con sid er -
ing the out door oc cu pancy fac tor of 20%. The sim i lar ity
of arith me tic and geo met ric mean val ues of the ter res trial 
ra di a tion dose lev els in di cated the nor mal dis tri bu tion of
ter res trial ra di a tion through out Ban gla desh.

Out door dose level

The av er age of the out door dose rates at the points 
of sam ple col lec tion was found to be 0.20 ± 0.07  mSv/h, 
the min i mum be ing 0.16 ± 0.02 mSv/h in Sylhet,
Srimangal, and Sitakundo; while the max i mum be ing
0.28 ± 0.04 mSv/h in Nachole. The av er age an nual out -
door dose rate was es ti mated to be 1.87 ± 0.27 mSv/y.
By con sid er ing the av er age world wide in door-out door
dose ra tio of 1.27 [74] and the time oc cu pancy fac tors of 
66.67% in doors and 33.33% out doors for Bangladeshi
peo ple, the av er age to tal en vi ron men tal ra di a tion dose
rate was found to be 2.21 mSv/y which is close to the
cor re spond ing world av er age value [4]. The an nual out -
door dose rates of dif fer ent sam pling points are given in
the last col umn of tab. 1. All of the out door dose lev els
were fur ther in ves ti gated by cu mu la tive fre quency plot
(prob a bil ity plot) to find out the geo met ric means and
geo met ric stan dard de vi a tions. It was found that there
was no vari a tion in the arith me tic and geo met ric mean
val ues for all types of mea sure ment, which in di cates
that the data were nor mally dis trib uted. A poor cor re la -
tion co ef fi cient 0.34 was found be tween the ef fec tive
an nual out door dose rate due to ra dio ac tiv ity in sur face
soil and the out door dose rate mea sured by the por ta ble
ra di a tion dose ratemeter. This in di cated a non-uni form
vari a tion of cos mic and other non-ter res trial ra di a tion
lev els at the mea sur ing points dur ing the study pe riod.

CON CLU SIONS

The ac tiv ity con cen tra tion lev els of radionuclides 
in soil sam ples of dif fer ent re gions are some what higher 
than that of most re ported val ues of the other coun tries
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Ta ble 3. The cor re la tion co ef fi cients be tween the
 con cen tra tions of radionuclides

Se rial
num ber

Names of radionuclides be tween
which cor re la tion co ef fi cient is

cal cu lated

Cor re la tion
co ef fi cient (r)

1 232Th and 238U 0.8817

2 232Th and 40K 0.3562

3 232Th and 137Cs 0.2929

4 238U and 40K 0.3411

5 238U and 137Cs 0.1744

6 40K and 137Cs 0.1254
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Ta ble 4. Com par i son of data on av er age ra dio ac tiv ity [Bqkg–1] in sur face soil in dif fer ent coun tries of the world

Sl No. Ref er ence Area 238U 232Th 40K 137Cs Raeq

01 Pres ent study Ban gla desh 44.35 ± 12.65 83.56 ± 17.96 630.89 ± 173.85 5.37 ± 4.87 212.26 ± 43.93

02 Miah et al. [19] Dhaka, Ban gla desh 33 ± 7b 55 ± 14c 574 ± 111 7 ± 2 155.73

03 Chowdhury et al. [20] Chittagong, Ban gla desh 37.2 ± 21.0 60.0 ± 29.2 438 ± 142 1.08 ± 1.09 154 ± 74

04 Hamid et al. [21] North ern Ban gla desh 91 ± 10b 151 ± 24 1958 ± 400 NAa
426 ± 60

05 Chowdhury et al. [22] South ern Ban gla desh 42 ± 7b 81 ± 14 833 ± 358 2.08 ± 3.35 221 ± 40

06 Kabir et al. [23] Jessore, Ban gla desh 48 ± 9b 53 ± 9 481 ± 78 NAa
161 ± 20

07 Selvasekarapandian et al. [24] Ooty, In dia 43.2 ± 23.2 114.6 ± 52.5 274.6 ± 86.7 NAa 228.04

08 Selvasekarapandian et al. [25] Gudalore, In dia 37.7 ± 10.1 75.3 ± 44.1 195.2 ± 85.1 NAa 160.29

09 Kannan et al. [26] Kalpakkam, In dia 16 119 406 (£1.0-2.8)f 217.23

10 Sowmya et al. [27] Kalpakkam, South In dia 22.6 ± 12.6 92.8 ± 44.3 434.1 ± 131.1 NAa 188.56

11 Shanthi et al. [28] Kanyakumari, In dia 20 ± 14b 114 ± 97 940 ± 742 NAa 255.16

12 Mehra et al. [29] North ern In dia 50.50 83.04 337.53 NAa 198.86

13 Matiullah et al. [30] Bahawalpur, Pa ki stan 32.9 ± 0.9b 53.6 ± 1.4 647.4 ± 14.1 1.5 ± 0.2 158.5 ± 4.1

14 Akhtar et al. [31] La hore, Pa ki stan 25.8b 49.2 561.6 Be low LLD 139.29

15 Tahir et al. [32] Punjab, Pa ki stan 35 ± 7b 41 ± 8 615 ± 143 NAa
141 ± 27

16 Jabbar et al. [33] Punjab, Pa ki stan 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, Pa ki stan (15-27)b,f (20-37)f (328-648)f NAa NAa

18 Mujahid et al. [35] Sind, Pa ki stan (18-47)b,f (24-69)f (254-769)f NAa NAa

19 Hewamanna et al. [17] Srilanka 34.84 72.17 584.60 NAa 182.91

20 Ziqiang et al. [37] China 61.5 ± 37 89.8 ± 74 524 ± 162 NAa 230.09

21 Wang et al. [38] Sichuan, China 26b 49 440 6 130

22 Tsai et al. [39] Tai wan 22.53 33.43 406.62 NAa 101.72

23 Kessaratikoon et al. [40] Songkhla, Thai land 67.66 ± 4.96b 45.00 ± 3.19 213.05 ± 23.03 NAa 146.92

24 Ab dul Rahman et al. [41] Ulu Tiram, Ma lay sia 44.41 ± 4.77e 215.45 ± 11.57e NAa NAa NAa

25 Alias et al. [42] Ma lay sia 19.45b 28.55d 103.08 NAa 60.68

26 Saat et al. [43] Ma lay sia 99.13b 139.98d 598.24 NAa 334.49

27 Huy et al. [44] Viet nam 42.77 ± 18.15b 59.84 ± 19.81 411.93 ± 230.69 NAa
160.06 ± 54.48

28 Abd El-mageed et al. [45] Juban, Ye men 44.4 ± 4.5b 58.2 ± 5.1 822.7 ± 31 4.779 ± 0.4 190.83

29 Al Hamarneh et al. [46] Jor dan NAa NAa NAa
88 ± 31 NAa

30 Abu-Haija, [47] Tafila, Jor dan 22.3 27.91 285.02 NAa 84.10

31 El-Aydarous, [48] Taif, Saudi Ara bia 23.8 ± 2.4b 18.6 ± 1.7 162.8 ± 7.6 NAa 62.85

32 Alaamer, [49] Ri yadh, Saudi Ara bia 14.5 ± 3.9b 11.2 ± 3.9 225 ± 63 NAa 47.8

33 Al-Trabulsy et al. [50] Coast line, Saudi Ara bia 11.4 ± 1.5b 22.5 ± 3.7 641.1 ± 61.3 3.5 ± 0.7 92.9

34 Al-Zahrani, [51] Albaha, Saudi Ara bia 37b 32 343 NAa 116

35 El-Taher et al. [52] Al-Qassim, Saudi Ara bia 9.5 ± 2.8b 12.6 ± 3.3 546 ± 23 NAa 68.1

36 Abbaspour et al. [53] Mazandaran, Iran 1189 ± 7838 65 ± 162 545 ± 139 10.41 ± 7.86 1323.78

37 Ali et al. [54] Iraq NAa NAa NAa 21.9 NAa

38 Merdanoglu et al. [55] Kestanbol, Tur key 105.12 192 1207
(0.37 ± 0.22 to

36.03 ± 0.54)f 498

39 Kilic et al. [56] Marmara, Tur key 21.77 ± 12.08 26.63 ± 15.90 442.51 ± 189.85 27.46 ± 21.84 93.85

40 Taskin et al. [57] Kirklareli, Tur key 28 ± 13 40 ± 18 667 ± 281 8 ± 5 136.45

41 Fusun Cam et al. [58] Izmir, Tur key 38 63 633 NAa 176.69

42 Akkaya et al. [59] Bursa, Tur key 25 ± 3b 26 ± 3 435 ± 44 8.52 ± 2.59 96

43 Shenber, [60] Tripoli, Libya 10.5 9.5 270 NAa 44.84

44 Saleh et al. [61] Al ex an dria, Egypt 16.43 ± 2.89b 18.31 ± 5.25 268.18 ± 81.65 NAa 63.22

45 Abel-Ghany et al. [62] Egypt (sand sam ples) 94.94 80.22 700.79 NAa 263.60

46 Harb et al. [63] Egypt 15.6 11.98 430.63 NAa 65.84

47 El-Taher et al. [64] Safaga Dunes, Egypt 28.82b 14.03 558.39 NAa 91.57

48 Baggoura et al. [65] Al ge ria (5-176)b,f (3-144)c,f (36-1405)f (0.3-0.41)f NAa

49 Avwiri et al. [66] Ni ge ria 19.16 ± 1.23 21.26 ± 1.41 224.26 ± 10.1 NAa 60.75

50 Beyala Ateba et al. [67] South Cam er oon 134 ± 64b 177 ± 102 1482 ± 280 NAa 500.86

51 Bikit et al. [68] Ser bia and Montenegro 51 ± 9 53 ± 8 554 ± 92 19.54 ± 9.38 169.33

52 McAulay et al. [69] Ire land 37 26 350 NAa 101.07

53 Baeza et al. [70] Caceres, Spain 45b 49 650 NAa 165

54 Papp, [71] Hun gary 33.3 32.1 418 NAa 111.31

55 Tzortzis et al. [72] Cy prus (0.01-39.3)f (0.01-39.8)f (0.04-565.8)f NAa NAa

56 DeLaune et al. [73] Lou i si ana, USA 34 ± 29 36 ± 12 472 ± 223 23 ± 1 121.74

57 UNSCEAR-2000. [18] World wide 32 45 420 NAa 128.59

aNA – not avail able; bmea sure ment had been doe on 226Ra in the cor re spond ing de cay chain; cmea sure ment had been done on 228Ac in the cor re -
spond ing de cay chain; dmea sure ment had been done on 228Ra in the cor re spond ing de cay chain;  eel e men tal con cen tra tion ppm given in the pa per
had been con verted into ra dio log i cal con cen tra tion [Bqkg–1]; and frange



(tab. 4). This is per haps due to the geo log i cal char ac ter -
is tics of the earth. No sig nif i cant amount of 137Cs in the
soil sam ples was de tected. No sig nif i cant dif fer ence
was found in av er age con cen tra tion lev els of the mea -
sured radionuclides in soil of dif fer ent re gions of Ban -
gla desh. So there is no ob vi ous in flu ence of nu clear ex -
plo sions and ac ci dents on the en vi ron ment of
Ban gla desh and have no ra di a tion im pact of Chernobyl
ac ci dent on the en vi ron ment of Ban gla desh. How ever,
slightly el e vated level of in ter nal haz ard in dex (Hin) was 
found in Rangpur re gion. The pres ent study will serve
as a base line ra dio log i cal data for Ban gla desh.
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[iamal Ranxan ^AKRABORTI

RADIOLO[KA  PROCENA  POVR[INSKOG  ZEMQI[TA BANGLADE[A

Upotrebom HPGe detektora visoke rezolucije izmerene su specifi~ne aktivnosti
radionuklida 232Th, 238U, 40K i 137Cs na 56 lokacija netaknutog povr{inskog zemqi{ta, koje
prekrivaju ~itav prostor Banglade{a. Sredwe vrednosti specifi~nih aktivnosti pomenutih
radionuklida iznosila su po redosledu: 83.56 ± 17.96 Bq/kg, 44.35 ± 12.65 Bq/kg, 630.89 ± 173.85 Bq/kg i
5.37 ±.4.87 Bq/kg. Uo~ena je dobra korelacija izme|u aktivnosti 232Th i 238U. Izra~unati su slede}i
radiolo{ki parametri: ekvivalentna aktivnost radijuma (Raeq), indeks reprezentativnog nivoa
(Igr), indeks spoqa{weg hazarda (Hex), indeks unutra{weg hazarda (Hin), ja~ina apsorbovane doze (D) 
i spoqa{wa ja~ina doze usled prirodnih radionuklida. Po datom redosledu, sredwe vrednosti
ovih parametara su: 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, i
119.37 ± 24.58 mSv/y. Nivoi zra~ewa na mestima sakupqawa uzoraka mereni su prenosivim
instrumentima. Sredwa vrednost spoqa{we ja~ine doze bila je 0.20 ± 0.07 mSv/h, u opsegu od 0.16 ±
0.02 mSv/h do 0.28 ± 0.04 mSv/h. Utvr|eno je da je raspodela prirodnih radionuklida normalna. Nivoi
koncentracije razli~itih radionuklida uporedivi su sa odgovaraju}im registrovanim
vrednostima u zemqi{tima drugih dr`ava.

Kqu~ne re~i: povr{insko zemqi{te, Banglade{, gama spektrometrija,
..........................indeks radijacionog hazarda, ja~ina doze


