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As part of mon i tor ing the ex po sure of the gen eral pub lic to nat u ral ra dio ac tiv ity, the ac tiv ity
con cen tra tion of nat u rally oc cur ring radionuclides in soil sam ples in an el e vated ra di a tion
back ground area of West ern Ghats was de ter mined us ing gamma-ray spec trom e try.  Av er age
val ues of the ac tiv ity con cen tra tion of radionuclides, out door ter res trial gamma dose rate, an -
nual ef fec tive dose equiv a lent and ra di a tion haz ard in di ces from soil ac tiv ity were es ti mated.
The ac tiv ity con cen tra tions of 232Th and av er age out door ter res trial gamma dose rate were
found to be higher than the world av er age, pos si bly af fect ing the West ern Ghats en vi ron ment
in gen eral. There fore, ra dio log i cal risks to the gen eral pop u la tion from ion iz ing ra di a tion
from the nat u rally oc cur ring radionuclides in the soil are con sid ered to be sig nif i cant. How -
ever, other ra dio log i cal haz ard in di ces were found to be within per mis si ble lim its.
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IN TRO DUC TION

Nat u ral radionuclides in soil are re spon si ble for
the back ground ra di a tion ex po sure of the pop u la tion.
Ex po sure to gamma ra di a tion is mostly re garded as
un de sir able at ev ery level, al though no harm ful ef fects 
are known to fol low very low lev els of ex po sure. Re -
cently, con sid er able at ten tion has been given to
low-level ex po sure aris ing from nat u rally oc cur ring
radionuclides, par tic u larly 238U, 232Th, their de cay
prod ucts, and 40K. Nat u ral ra dio ac tive con cen tra tion
de pends mainly on geo log i cal and geo graph ical con -
di tions and ap pears at dif fer ent lev els in soils from dif -
fer ent geo log i cal re gions [1] i. e., tho rium and ura nium 
may be re dis trib uted dur ing ig ne ous, sed i men tary and
meta mor phic cy cles of geo log i cal evo lu tion which,
un der fa vor able geo log i cal pro cesses, might re sult in
small con cen tra tions of de pos its. The study of ra dio ac -
tive com po nents in soils is a ma jor link in un der stand -
ing the be hav iour of ra dio ac tiv ity in the eco sys tem,
be cause these ma te ri als emit ra di a tion by the dis in te -
gra tion of nat u ral radionuclides and con trib ute to the
to tal ab sorbed dose via in ges tion, in ha la tion and ex ter -
nal ir ra di a tion [2]. Also, soil acts as a source of con tin -
u ous ra di a tion ex po sure of hu mans and as a me dium of 
mi gra tion for the trans fer of radionuclides to bi o log i -
cal sys tems, caus ing ra dio log i cal con tam i na tion of the

en vi ron ment.  In ad di tion to nat u ral sources, soil ra -
dio ac tiv ity is also af fected by man-made ac tiv i ties.
The sources of ra dio ac tiv ity in cul ti vated soils are
mainly due to the ex ten sive use of ag ri cul tural fer til iz -
ers, rich in phos phates. The con cen tra tion of ura nium
and par tial tho rium are on the in crease in the en vi ron -
ment due to these fer til iz ers. Usu ally fer til iz ers are
con sid ered as a tech no log i cally en hanced source of
nat u ral ra di a tion [3]. Hence, soil ra dio ac tiv ity is usu -
ally im por tant for the pur pose of es tab lish ing base line
data for fu ture as sess ment of ra di a tion im pact, ra di a -
tion pro tec tion, and stud ies.

MA TE RI ALS AND METH ODS

Study area

Avail able in for ma tion in di cates that the de pos its
of monazite in the coastal ar eas of Kerala and Tamil
Nadu are formed due to the weath er ing of rocks in
West ern Ghats. Monazite sands con sist of phos phate
min er als of el e ments such as ce rium which oc cur as
small brown crys tals in the Kerala sands (these
monazite sands are mined for both ce rium and ra dio ac -
tive tho rium ox ide). They orig i nate in the gran ites and
gneiss es of the West ern Ghats and are trans ported to
the coast by more than 47 streams that in dent the
Kerala coast line [4], as shown in fig. 1.

P. K. Manigandan, et al.: Mea sure ment of Ra dio ac tiv ity in an Elevated ...
128 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2014, Vol. 29, No. 2, pp. 128-134

* Cor re spond ing au thor; e-mail: pkmgs@ya hoo.com



The soils an a lyzed were col lected at el e va tions

of be tween 2000 m and 2400 m: the Nilgiri High lands,

Tamil Nadu, South In dia, sit u ated be tween 11°00' and

11°30' N and be tween 76°00' and 77°30' E. The Nilgiri

mas sif is lo cated at the junc tion be tween the East ern

and West ern Ghats and is bounded by abrupt slopes.

The study area is shown in fig. 2. Veg e ta tion above

2000 m in the high lands is a mo saic of high el e va tion

ev er green for ests, lo cally called “shola”, and grass -

lands with dif fer ent com po si tions of flora, in clud ing

C4 grasses [5, 6].

Soil sam pling and prep a ra tion

The study area was di vided into a 4 km grid, with 
soil sam ples col lected from 25 sam pling points in the
nat u ral, un cul ti vated, and grass-cov ered level ar eas
within the grid, con form ing to In ter na tional Atomic
En ergy Agency rec om men da tions – IAEA 1989 [7].
The 25 sam pling points fol lowed a zig-zag pat tern.
Five 20-cm-deep sam ples were col lected at equal dis -
tances along a 1 m cir cle around the cen ter of each
sam pling point. This sam pling method was used to im -
prove the rep re sen ta tive ness of the sam ples. The po si -
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Fig ure 1. Dis tri bu tion
of Monazite sand along
the Kerala coast

Fig ure 2. Study area: Nilgiris dis trict



tion and el e va tion of each sam pling point was de ter -
mined us ing a global po si tion ing sys tem.

The soil sam ples were trans ported to the lab o ra tory 
where  plant  roots  and  other  un wanted  ma te ri als  were
re moved.  The  sam ples  were  then  dried  in  an  oven  at 
105 °C  for  12-24 h,  ground,  and  passed  through  a 2
mm sieve. About 400 g of dry sam ple was weighed into a
plas tic con tainer which was capped and sealed. The con -
tainer was sealed to en sure that none of the daugh ter
prod ucts of ura nium and tho rium that were pro duced,
par tic u larly ra don and thoron, could es cape. The pre -
pared sam ples were stored for 1 month be fore count ing,
to en sure that the equi lib rium be tween ra dium and its
short-lived daugh ters had been es tab lished. De tailed
gamma-ray spec trom e try anal y sis was per formed on the
soil sam ples.

Ac tiv ity de ter mi na tion

The sam ples were an a lyzed us ing a NaI(Tl)
spec trom e ter  cou pled with a TNIPCAII Ortec model
8K multi-chan nel an a lyzer. The 232Th-se ries, 238U-se -
ries, and 40K ac tiv i ties were es ti mated, as were the
amounts of the said radionuclides that would en ter the
air from the soil.  A 3 inch ´ 3 inch  NaI(Tl) de tec tor
was used, with ad e quate lead shield ing, re duc ing the
back ground by a fac tor of 95. The en er gies of in ter est
were found by em ploy ing an In ter na tional Atomic En -
ergy Agency stan dard source and the ap pro pri ate ge -
om e try. The sys tem was cal i brated in terms of both en -
ergy re sponse and count ing ef fi ciency. The den sity of
the sam ple used for the cal i bra tion was 1.3 g/cm3

which was the same as the mean den sity of the soil
sam ples an a lyzed (1.24 g/cm3). The de tec tor was very
well shielded, and the count ing time was 20.000 s for
each sam ple. The min i mum de tect able con cen tra tions, 
de fined as 3s ( stan dard de vi a tion), were 7 Bq/kg for
the 232Th-se ries, 8.4 Bq/kg for the 238U-se ries, and
13.2 Bq/kg for 40K.

The con cen tra tions of radionuclides of in ter est
were  de ter mined  us ing the count ing spec trum for
each sam ple.  Peaks cor re spond ing to 1.46 MeV (40K), 
1.76 MeV (214Bi), and 2.614 MeV (208Tl) were con sid -
ered when eval u at ing the 40K, 238U-se ries, and
232Th-se ries ac tiv i ties, re spec tively. Crys tal de tec tor
res o lu tion was 6% for 40K, 4.4% for the 232Th-se ries,
and 5.5% for the 238U-se ries. Gamma-ray spec trum
ac tiv i ties for each soil sam ple were an a lyzed us ing
ded i cated soft ware and ref er ences were cho sen so as
to achieve suf fi cient dis crim i na tion.

In ad di tion to gamma-ray spec tro met ric anal y -
sis, a low-level sur vey en vi ron men tal ra di a tion do sim -
e ter-ERD (type ER 705; Nu cle onic Sys tem PVT Ltd.,
Hyderabad, In dia) was used to mea sure am bi ent ra di a -
tion lev els in the study ar eas di rectly as so ci ated with
radionuclide ac tiv ity con cen tra tions in the sam ples
and cos mic rays. The do sim e ter had a halo -

gen-quenched Gei ger-Müller de tec tor (Ind. lnc.,
USA) pow ered by a re charge able bat tery and was de -
signed to read the ex po sure rate at two lev els, 0.1 mR/h
and 1 mR/h. Be fore use, the do sim e ter was cal i brated
us ing a stan dard source. Out door ter res trial gamma
dose rates were mea sured at 1 m above the ground by a
por ta ble dig i tal ERD at all of the sam pling sites.  A to -
tal of five read ings were re corded at each spot and the
av er age taken.

Es ti ma tion of ab sorbed dose rate

Ra dio log i cal risks to the hu mans and other en ti -
ties from ter res trial gamma rays and as so ci ated with
ab sorbed dose from the nat u ral radionuclides in the
soil are con sid ered to be significant. The as sess ment of 
the gamma ra di a tion haz ard to hu mans as so ci ated with 
build ing ma te ri als can be done by cal cu lat ing the dif -
fer ent ra di a tion haz ard in di ces [8]. The ab sorbed dose
rate D [nGyh–1] due to ter res trial gamma rays at one
me ter above the ground level can be es ti mated by the
con cen tra tions of 238U, 232Th, and 40K by ap ply ing
fac tors 0.462, 0.604, and 0.0417 for ura nium, tho rium, 
and po tas sium, re spec tively [1].

 D C C C= + +( . . . )0462 0604 00417U Th K (1)

where D [nGyh–1] is the ab sorbed dose rate, CU

[Bqkg–1], CTh [Bqkg–1], and CK [Bqkg–1] are the ac tiv -
ity con cen tra tions of 238U, 232Th, and 40K in soil sam -
ples, re spec tively.

An nual ef fec tive dose rates

To es ti mate the an nual ef fec tive dose rates, the
con ver sion co ef fi cient from the ab sorbed dose in air to
the ef fec tive dose 0.7 Sv/Gy and the in door oc cu pancy 
fac tor of 0.2 pro posed by UNSCEAR, 2008, were cal -
cu lated. Thus, an nual ef fec tive doses were de ter mined 
as fol lows [8]

An nual effective dose (out door) [mSv] =

= D [nGyh–1]×8760 [h]×0.7 [SvGy–1]×0.2×10–3 (2)

An nual effective dose (in door) [mSv] =

= D [nGyh–1]×8760 [h]×0.7[SvGy–1]×0.8×10–3 (3)

Cal cu la tion of ra dium equiv a lent

The ra dium equiv a lent in dex, Raeq is gen er ally
in tro duced as the weighed sum of 238U, 232Th, and 40K
ac tiv i ties based on the as sump tion that 10 Bq/kg of
238U, 7 Bq/kg of 232Th, and 130 Bq/kg of 40K will pro -
duce the same dose rates of gamma rays. Val ues of
Raeq were cal cu lated us ing eq. [9]
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Ra Bqkgeq U Th K[ ] ( . . )–1 143 0077= + +C C C (4)

where CU, CTh, and CK are de fined as in eq. 1. 

Ex ter nal haz ard in dex

The con sid er ation of the ex ter nal ra di a tion ex po -
sure is usu ally as so ci ated with gamma ra di a tion emit -
ted by radionuclides of con cern. The value of the Haz -
ard in dex should be be low one in or der to as sure the
safe use of build ing ma te ri als cor re spond ing to the up -
per limit of Raeq (370 Bq/kg) and so as to keep the ra di -
a tion haz ard in sig nif i cant [8] 
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where, CU, CTh, and CK are de fined as in eq. 1 

Ra dio ac tiv ity level in dex

Gamma ra di a tion haz ard ous lev els as so ci ated
with nat u ral radionuclides in the build ing ma te rial
sam ples were as sessed by means of the ra dio ac tiv ity
level in dex, Ig. In ac cor dance with the Eu ro pean Com -
mis sion guide lines, the rep re sen ta tive level of Ig val -
ues was es ti mated ac cord ing to the equa tion [10]
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where, CU, CTh, and CK are de fined as in eq. 1
Ex cess Life time Can cer Risk (ELCR):  ELCR is

cal cu lated us ing the equa tion [11]

ELC = AEDE×DL×RF (8)

where, AEDE, DL, and RF are the to tal an nual ef fec -
tive dose equiv a lent [mSv], du ra tion of life (70 years)
and risk fac tor [Sv–1] (fa tal can cer risk per sievert) for
sto chas tic ef fects. ICRP 60 uses val ues of 0.05 for the
pub lic [11].

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions of nat u ral ra dio-
nuclides (238U, 232Th, and 40K) for all sam ples were
de ter mined, as shown in tab. 1. Mean ac tiv ity con -
cen tra tions for 238U, 232Th, and 40K ranges were as
fol lows: 12.36-85.81 Bq/kg with an av er age of 36.31

± 17.3 Bq/kg, 30.28-204.11 Bq/kg, with an av er age
of 107.77 ± 50.4 Bq/kg and 83.12-411.56 Bq/kg with
an av er age of 231.93 ± 79.4 Bq/kg, re spec tively. At
all sam pling sites, the mean ac tiv ity con cen tra tion is
of the or der 232Th < 238U < 40K. At a few of the sites,
the ac tiv ity con cen tra tion of 238U and 40K is high,
which  may  be  due  to  the  sol u bil ity  and  mo bil ity  of
U(VI)O2

2+ , or the pres ence of loamy and clay sed i -
ment and ex ten sive use of fer til iz ers for ag ri cul tural
pur poses rich in phos phates [12]. The con cen tra tions
of 238U for all mea sured sam ples were within the
world av er age val ues, but  the av er age value of 40K in
West ern Ghats was ob served to be lower than the
world av er age (world av er age value of 238U and 40K
is 32 Bq/kg and 412 Bq/kg, re spec tively). How ever,
ac cord ing to UNSCEAR (2008), the  global  232Th 
ac tiv ity  con cen tra tion  range is 7-50 Bq/kg (mean 45
Bq/kg). The mea sured 232Th ac tiv ity con cen tra tion in 
our study area was 2.5 times higher than the global
mean, in di cat ing the pres ence of monazite at that
sam pling site.

The ter res trial gamma-ray dose rate in the study
area ranged from 20.67 to 992.67 nGy/h, while the
mean was 133.33 ± 183 nGy/h, but the cal cu lated ab -
sorbed dose rates ranged from 39.11 nGy/h to 153.40
nGy/h, with an av er age of 91.54 ± 34 nGy/h that ex -
ceeds the world av er age value of 56 nGy/h [1].  Thus,
the 232Th-se ries con trib uted with a 71% of the to tal
gamma-ray dose to the en vi ron ment, whereas the
238U-se ries and 40K con trib uted with 19% and 10% of
the to tal gamma-ray dose. World stud ies in di cate an
av er age out door ter res trial gamma  dose  rate  of  60 
nGy/h,  rang ing  from 10  to 200 nGy/h [12]. 

The pres ent study shows that the av er age ter res -
trial gamma dose rate is 133.33 nGy/h which is higher
than the world av er age. The gamma ra di a tion level is
di rectly as so ci ated with radionuclide ac tiv ity con cen -
tra tions in the sam ples and with cos mic rays [12]. The
ob served gamma-ray dose rate con trib uted by more
than 50% to the dose cal cu lated from soil ac tiv i ties and 
the dif fer ence may be at trib uted to the cos mic ra di a -
tion con tri bu tion to the to tal dose of the West ern Ghats
en vi ron ment, sit u ated 2400 m above sea level.

The cal cu lated in door and out door AEDE val ues
are quoted in tab. 1. The av er age, min i mum and max i -
mum val ues for out door and in door were found to be
112.3 ± 42 mSv, 47.96 mSv, and 203.77 mSv, re spec tively, 
and 449.06 ± 167 mSv, 247.03 mSv, and 815.09 mSv, re -
spec tively. 

The val ues of in door and out door AEDE pre -
sented   are   higher  than  the  world  av er age  val ues 
(70 mSv per year for In door, 410 mSv per year for Out -
door), which can be at trib uted to the higher ac tiv ity
con cen tra tion of 232Th. The out comes of ex ter nal and
in ter nal ra di a tion haz ard in di ces are shown in tab. 2; in
soil, the av er age val ues of ex ter nal and in ter nal haz ard
in di ces were found to be 0.56 ± 0.2 and 0.66 ± 0.24, re -
spec tively.
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Ra dium-equiv a lent ac tiv i ties (Raeq) and the rep -
re sen ta tive level in dex val ues Ig, were cal cu lated us ing 
the for mula given in eqs. 3 and 5. Based on the an nual
ex ter nal dose of 1.5 mGy, ac tiv ity lim its in terms of
(Raeq) and Ig are 370 Bq/kg and 1, re spec tively, for the
safe use of soil prod ucts. It has been ob served that the
mean ra dium equiv a lent ac tiv ity and the rep re sen ta -
tive level in dex val ues were 208.28 6 ± 79.4 Bq/kg and 
1.47 ± 0.55 Bq/kg,  re spec tively, as shown in tab. 2.
The Raeq val ues were much higher in the ter res trial en -
vi ron ment, mainly be cause of the use of fer til iz ers rich
in phos phates at the ag ri cul tural sites [3]. Phos phate
rocks con tain sig nif i cant con cen tra tions of U, Th, Ra,
and their de cay prod ucts [13]. Haz ard in di ces of all
site sam ples were found to be less than Unity (the per -
mis si ble level) [14].

Ex cess life time can cer risk (ELCR) is cal cu lated us -
ing eq. 5, as shown in tab. 2. The range of ELCR is
0.17×10–3 to 0.71×10–3, with an av er age of 0.39 ± 0.15×10–3.
The av er age ELCR for all sam ples is mar gin ally higher than 
the world av er age (0.29 ×10–3).  It may be noted that ELCR
for West ern Ghats is far lower than the ICRP [15] pre -
scribed value of 0.05. Ac cord ing to these re sults, the risk of
can cer is found to be neg li gi ble.

Com par i son of ob served ac tiv ity
con cen tra tions with those found in
sim i lar stud ies

The 238U, 232Th, and 40K ac tiv ity con cen tra tions, 
Raeq, and Ig for the ter res trial sam ples, were com pared
with the val ues es tab lished in sim i lar stud ies in other
coun tries and the re sults sum ma rized in tab. 3. 

As can be seen from tab. 3, the ra dio ac tiv ity
found in ter res trial soils var ies from coun try to coun -
try. It is im por tant to note that the val ues shown are not
rep re sen ta tive of the coun tries men tioned; they per tain 
to the geo log i cal re gions in which these sam ples were
col lected.

CON CLU SIONS

Mean ac tiv ity con cen tra tions of soil sam ples
col lected from the ter res trial en vi ron ment of West ern
Ghats were found to be within the world and In dian
av er age val ues. How ever, ac tiv ity con cen tra tion val -
ues of 232Th were found to be long to the higher end of
the world range. The av er age out door ter res trial
gamma dose rate was found to be higher than the world 
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Ta ble 1. Ac tiv ity con cen tra tion of radionuclides and cor re spond ing dose rates for dif fer ent soil sam ples

Lo ca tions

Ac tiv ity con cen tra tion [Bqkg–1] Ab sorbed
dose rate
[nGyh–1]

Ob served
dose rate
(ERD)

[nGyh–1]

AEDE [mSv]

238U 232Th 40K Outdoor Indoor Total

L-1 36.34 ± 3.1 57.32 ± 5.5 303.56 ± 22.8 64.07 88.49 78.57 314.30 392.87

L-2 18.26 ± 3.5 75.91 ± 6.4 276.37 ± 20.9 65.81 66.52 80.71 322.84 403.55

L-3 22.34 ± 4.2 93.28 ± 7.5 129.89 ± 16.7 72.08 69.93 88.40 353.59 441.99

L-4 25.45 ± 2.9 72.45 ± 6.2 285.45 ± 18.3 67.42 111.30 82.69 330.74 413.43

L-5 85.81 ± 6.2 126.08 ± 6.3 299.45 ± 21.8 128.28 108.13 157.33 629.31 786.64

L-6 55.65 ± 4.4 204.11 ± 9.3 411.56 ± 21.6 166.15 132.98 203.77 815.09 1018.86

L-7 35.47 ± 2.8 127.35 ± 6.5 229.34 ± 19.1 102.87 176.58 126.16 504.64 630.80

L-8 45.56 ± 3.7 169.87 ± 7 138.12 ± 12.3 129.41 109.31 158.71 634.83 793.54

L-9 26.48 ± 2.6 88.28 ± 6.9 319.54 ± 20.5 78.88 137.85 96.74 386.95 483.69

L-10 32.36 ± 2.6 56.76 ± 5.7 237.56 ± 19.5 59.14 83.49 72.53 290.12 362.64

L-11 46.83 ± 3.9 73.26 ± 5.2 350.67 ± 19.8 80.51 61.61 98.73 394.94 493.67

L-12 34.26 ± 2.6 134.14 ± 9.1 246.67 ± 21.7 107.13 71.10 131.39 525.56 656.95

L-13 50.02 ± 5.6 113.39 ± 8.4 225.89 ± 18.3 101.02 114.04 123.89 495.55 619.43

L-14 35.34 ± 4.2 30.28 ± 5.1 107.65 ± 13.6 39.11 106.14 47.96 191.83 239.79

L-15 45.17 ± 4.3 35.88 ± 5.2 187.45 ± 16.4 50.36 39.76 61.76 247.03 308.79

L-16 30.31 ± 3.8 220.76 ± 11.1 145.21 ± 18.4 153.40 51.10 188.13 752.51 940.63

L-17 12.65 ± 2.1 139.56 ± 8.1 83.12 ± 11.4 93.60 165.33 114.80 459.19 573.98

L-18 36.78 ± 4.2 117.56 ± 6.8 339.56 ± 23.5 102.16 101.36 125.29 501.15 626.43

L-19 25.03 ± 3.2 50.89 ± 5.6 254.67 ± 18.3 52.92 20.67 64.90 259.61 324.51

L-20 37.34 ± 2.8 60.58 ± 7.8 195.67 ± 14.5 62.00 96.43 76.04 304.15 380.19

L-21 42.45 ± 3.7 164.67 ± 9.3 257.12 ± 19.6 129.79 64.46 159.18 636.72 795.90

L-22 73.32 ± 4.6 163.40 ± 9.1 220.78 ± 18.9 141.77 138.19 173.87 695.49 869.36

L-23 12.36 ± 2.3 97.23 ± 8 164.88 ± 13.3 71.31 148.97 87.46 349.83 437.29

L-24 20.67 ± 3.6 119.45 ± 9.3 110.78 ± 15.4 86.32 76.73 105.86 423.44 529.30

L-25 21.51 ± 4.1 101.78 ± 9.5 277.36 ± 17.5 82.98 992.67 101.77 407.06 508.83

Mean ± s 36.3 ± 17.3 107.8 ± 50.4 231.9 ± 84.3 91.54 ± 34 133.3 ± 183 112.3 ± 42 449.1 ± 167 561.8 ± 208

s = stan dard de vi a tion



av er age and, thus, the West ern Ghats re gion should be
clas si fied as an un der-el e vated back ground ra di a tion
re gion of the world. It should also be noted that the cal -
cu lated ac tiv ity uti li za tion in dex was also found to ex -
ceed the rec om mended safe limit val ues. This im plies
that the in hab it ants of the study area are sub jected to a
ra di a tion ex po sure sig nif i cantly higher than the cor re -
spond ing ex po sure lev els re ported in other ar eas world 
wide. In spite of all this, other cal cu lated ra dio log i cal
haz ard in di ces were within the ac cept able lim its
(Safety Limit). I should be pointed out that the re sults
of our mea sure ments will also serve as an ex cel lent
base line data and as a ref er ence level for soil sam ples
from West ern Ghats.
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Ta ble 3. Com par i son of ac tiv ity con cen tra tions with those found in sim i lar stud ies

Coun try
Ac tiv ity [Bqkg–1] Raeq

[Bqkg–1]
Ig Ref er ence238U 232Th 40K

West ern Ghats 26.26 53.61 231.93 118.6 1.47 This study

In dia 64 93 124 206.5 1.4 Singh et al., [16]

Al ge ria 47.01 43 329 132 0.95 Wassila et al., [17]

Brazil 1.69 5.32 34.15 12 0.1 Becegato et al., [18]

Egypt 13.7 12.3 1233 126.2 1.04 Ahmed et al., [19]

Pa ki stan 27.39 31.16 602.77 142.71 1.02 Akhtar et al., [20]

Ta ble 2. Ra dio log i cal pa ram e ters for the soil sam ples

Lo ca tions
Ra dium equiv a lent 

Raeq

[Bqkg–1]

Haz ard in di ces Ac tiv ity uti li za tion
in dex ELCR×10–3

Hex Hin Ig

L-1 141.68 0.38 0.48 1.02 0.28

L-2 148.09 0.40 0.45 1.07 0.28

L-3 165.73 0.45 0.51 1.17 0.31

L-4 151.03 0.41 0.48 1.08 0.29

L-5 289.16 0.78 1.01 2.03 0.55

L-6 379.22 1.02 1.17 2.69 0.71

L-7 235.24 0.64 0.73 1.66 0.44

L-8 299.11 0.81 0.93 2.09 0.56

L-9 177.32 0.48 0.55 1.27 0.34

L-10 131.82 0.36 0.44 0.94 0.25

L-11 178.59 0.48 0.61 1.28 0.35

L-12 245.07 0.66 0.75 1.73 0.46

L-13 229.56 0.62 0.76 1.62 0.43

L-14 86.93 0.23 0.33 0.61 0.17

L-15 110.91 0.30 0.42 0.78 0.22

L-16 357.18 0.96 1.05 2.51 0.66

L-17 218.62 0.59 0.62 1.54 0.40

L-18 231.04 0.62 0.72 1.65 0.44

L-19 117.41 0.32 0.38 0.85 0.23

L-20 139.04 0.38 0.48 0.99 0.27

L-21 297.73 0.80 0.92 2.10 0.56

L-22 323.98 0.87 1.07 2.27 0.61

L-23 164.09 0.44 0.48 1.16 0.31

L-24 200.01 0.54 0.60 1.41 0.37

L-25 188.41 0.51 0.57 1.35 0.36

Mean ± s 208.3 ± 79.4 0.56 ± 0.2 0.66 ± 0.24 1.47 ± 0.55 0.39 ± 0.15
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P. K. MANIGANDAN, B. ^ANDAR [EKAR

MEREWE  RADIOAKTIVNOSTI  U  ZAPADNOM  GATU –
OBLASTI  SA  POVI[ENIM  NIVOOM  PRIRODNE  RADIOAKTIVNOSTI

Kao deo monitoringa izlagawa populacije prirodnoj radioaktivnosti, upotrebom gama
spektrometrije odre|ena je koncentracija aktivnosti prirodnih radionuklida u uzorcima
zemqi{ta oblasti Zapadnog Gata koja ima povi{en nivo prirodnog zra~ewa. Prose~na vrednost
koncentracije aktivnosti ovih radionuklida, spoqa{wa ja~ina doze gama zra~ewa, godi{wa
efektivna doza i indikatori radijacionog hazarda proceweni su ispitivawem uzoraka zemqi{ta.
Koncentracija aktivnosti 232Th i prose~na spoqa{wa ja~ina doze gama zra~ewa bile su vi{e od
proseka u svetu, sa mogu}no{}u uticaja na ̀ ivotnu sredinu oblasti Zapadnog Gata. Smatra se, stoga
da je zna~ajan radiolo{ki rizik za populaciju od jonizuju}eg zra~ewa od prirodnih radionuklida u
zemqi{tu. Ipak, drugi indikatori radiolo{kog hazarda bili su u dozvoqenim granicama.

Kqu~ne re~i: prirodni radionuklidi, Zapadni Gat, monacit, radiolo{ki haz ard


