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Com monly con sumed veg e ta bles and their sur round ing soil sam ples are gath ered from a farm 
lo cated in Klang, Selangor. Gamma spec trom e try has been uti lized to an a lyze the ac tiv ity con -
cen tra tion of the nat u ral radionuclides, 226Ra, 232Th, and 40K in nine veg e ta bles and soil sam -
ples col lected. These data are used to eval u ate the haz ard in di ces in the soil sam ples and their
ra dio log i cal ex po sure to hu mans. It is found that the ex ter nal haz ard in dex Hex ranged from
0.05 to 0.44 with a mean value of 0.14. The in ter nal haz ard in dex Hin of the soil sam ples
ranged from 0.05 to 0.56 with a mean value of 0.17. Both Hex and Hin av er age val ues are
lower than the limit es tab lished by the Eu ro pean Com mis sion for Ra di a tion Pro tec tion. The
ab sorbed dose rate DN, The an nual in ges tion dose Aeff, an nual ef fec tive dose equiv a lent
AEDE, and ex cess life-time can cer risk, are used to learn the po ten tial risk on the gen eral pub -
lic con sum ing these veg e ta bles. For the veg e ta ble sam ple, it is found that the av er age value for
the DN is 6.70 nGyh–1 and ranged be tween 1.75 to 16.94 nGyh–1. The av er age value of Aeff is
10.17 mSv, and it ranges from 2.54 mSv to 22.89 mSv. The range of AEDE is be tween 2.15 mSv
and 20.78 mS, with an av er age value of 8.21 mSv. Ex cess life-time can cer risk ELCR is used to
de ter mine the like li hood of can cer de vel op ment due to the ra dio log i cal ex po sure of con sum -
ing these veg e ta bles. It is found that the av er age value of ELCR is 2.87×10–5, and the range is
from 0.75×10–5 to 7.27×10–5. Both the Aeff and AEDE are found to be lower than the av er age
world value rec om mended by UNSCEAR.

Key words: an nual in ges tion dose, ra di a tion haz ard, nat u rally oc cur ring radionuclide, haz ard in dex,
ab sorbed dose rate

IN TRO DUC TION

Ra dio ac tive sub stances can be found in the en vi -
ron ment. They can en ter the body through var i ous
sources and paths. The con sump tion of radionuclide-
con tain ing plants is the most com mon route of hu man ra -
di a tion in ges tion. It leads to in ter nal ra di a tion ex po sure
over time, par tic u larly to crit i cal or gans.

Ion iz ing ra di a tion has the po ten tial to in duce tis -
sue in jury. Ra di a tion-in duced changes in the chem i cal
prop er ties of mol e cules in the tis sue are the pri mary
cause of tis sue dam age af ter be ing ex posed to ra di a -
tion. The most sig nif i cant source of ra di a tion-in duced
dam age is the cre ation of so called free rad i cals. Given 

that free rad i cals are chem i cally ex tremely ac tive, they 
have the po ten tial to re act with ge netic com po nents in -
side the cell (i. e., the DNA). This has the po ten tial to
cause DNA dam age, the ma jor ity of which is eas ily re -
paired by the cell. If this is not the case, cell death may
oc cur. Al ter na tively, if the DNA dam age is re paired in -
cor rectly, it may re sult in a mod i fi ca tion of the ge netic
en cod ing, which can re sult in he red i tary al ter ations or
the de vel op ment of can cer.

Since ra di a tion has been a part of our lives, our
bod ies have evolved to han dle the low lev els of ra di a -
tion that we are ex posed to. In con trast, ex ces sive ex -
po sure to ra di a tion may re sult in tis sue dam age by
chang ing the struc ture of cells and dam ag ing DNA in
the body. The con se quence of this may be a va ri ety of
health prob lems, in clud ing can cer. In hal ing or in gest -
ing a radionuclide can ex pose the body to ion iz ing ra -
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di a tion. This type of ex po sure usu ally lasts for a long
time and can be ini ti ated by var i ous means, such as in -
jec tion or through wounds.

Ac cord ing to the Min is try of Health (MOH) re -
port, Ma lay sia, the most fre quently con sumed item are 
ba nanas, ap ples, or anges, green leafy veg e ta bles, bean 
type veg e ta bles, and cab bages. Nearly 40 % of the
adult pop u la tion eat green leafy veg e ta bles daily. The
MOH rec om mends tak ing fruits and veg e ta bles at
least five serv ings a day (ap prox i mately 400 gram per
day) since veg e ta bles and fruits are cat e go rized as the
sec ond most cru cial food af ter rice and grains [1].

The pres ent work aims to eval u ate the ra dio log i -
cal haz ards both in the soil and the com monly con -
sumed veg e ta bles by adults liv ing in Selangor, Ma lay -
sia [2]. A to tal of 9 types of veg e ta bles are col lected
from the farms lo cated in these ar eas. These veg e ta -
bles are grouped into three main types of veg e ta bles.
They are leaf-type veg e ta bles where Jap a nese mus tard 
(Bras sicas junceea), spin ach (Spinnacia oleracea),
and wa ter spin ach (Ipomoeea aquatic). The fruit spe -
cies are bit ter gourd (Momordica charantia), cu cum -
ber (Cucumis sativus), and round brin jal (Solanum
melongena). Bean's type of veg e ta bles is long beans
(Vigna sesquipedolis), lady's fin ger or okra (Hi bis cus
esculentus), and four an gles bean (Psophocarpus
tetragonolobus). These veg e ta bles are grown in a peat
soil farm lo cated in the dis trict of Klang, where farm -
ing has been go ing on for more than 20 years, where
once it was oil palm es tates. In this study, the Hex and
the Hin were de ter mined for the soil sur round ing and
the se lected veg e ta bles. As for the veg e ta ble sam ples,
the Aeff, DN, and AEDE, was de ter mined. At the end of
the pro cess, these val ues are used to eval u ate the
ELCR to hu mans, which was com pared to the world
av er age val ues for can cer risk.

MA TE RI ALS AND METH ODS

Sam pling tech nique

In this study, nine types of veg e ta bles were iden -
ti fied, and 5 kg of each veg e ta ble sam ple were col -
lected. These veg e ta bles were freshly har vested from
the farm with the help of the farm ers. The lo ca tion of
these farms, at the fol low ing co-or di nates:
2o57'03.5''N, 101°28'30.0''E, is shown in fig. 1. Ev ery -
thing from dirt to dust, to sur face con tam i nants, was
re moved from all of the veg e ta ble sam ples be fore they
were used. In the next step, the ed ible por tion of the
veg e ta ble was cut into tiny pieces and dried out us ing
an elec tric fur nace at 65 °C for 24 hours, un til the sam -
ple achieved a dry weight. The dry sam ples were
ground and sieved to get a fine pow der. Soil sam ples
from the area where the re spec tive veg e ta bles were
grown, was col lected at the same time. The sur face soil 
10 cm deep was re moved, and a soil sam ple was taken
from a depth of 10-30 cm, to de ter mine its com po si -
tion. Rocks, dry leaves and twigs and other de bris
were cleared from the soil sam ple be fore crush ing it
into a fine grain. The sam ples of soils were then dried
in an elec tric oven at 110 °C for 24 hours to fully elim i -
nate the hu mid ity. For four weeks, dried veg e ta ble and
soil sam ples were sealed in a Marenilli beak ers to
achieve ra dio ac tive equi lib rium among 226Ra and its
prog e nies [3, 4]. 

Mea sure ment of ra dio ac tiv ity

Gamma spec tros copy anal y sis was per formed us -
ing a closed-end co ax ial HPGe gamma-ray de tec tor
(Can berra; Model GC3018, se rial no. 04089401; 59 mm
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Fig ure 1. Lo ca tion of Klang
dis trict in the state of
Selangor



crys tal di am e ter; 50 mm long; 2500V work ing volt age)
with an ef fi ciency of 30 % and res o lu tion of 1.8
keV-FWHM at the 1332.5 keV peak of 60Co. The de tec -
tor was placed in side a cyl in der-shaped lead cover to
lessen the back ground ra di a tion. The HPGe gamma-ray
de tec tor was linked to a 16k MCA2 for data mea sure -
ment. The spec tra were an a lyzed us ing Ge nie 2000 soft -
ware, which was de vel oped in Can berra.

As shown in fig. 2, the spec trom e ter's en ergy ef -
fi ciency cal i bra tion is per formed. The stan dard ma te -
ri als and sam ples were taken us ing con tain ers of the
same size (hav ing a di am e ter of 6.5 cm and a height of
7.5 cm) so that the de tec tor ge om e try re mained iden ti -
cal. The count ing time of the sam ple was kept enough
to min i mize the count ing er ror. This en ergy ef fi ciency
cal i bra tion of the de tec tor was made us ing Marinelli
cal i bra tion sources com pris ing the fol low ing: 109Cd
(88 keV), 57Co (122 keV), 139Ce (167 keV), 203Hg
(279 keV), 113Sn (392 keV), 85Sr (514 keV), 137Cs
(662 keV), 88Y (898 and 1836 keV), and 60Co (1173
and 1332 keV). The cal i bra tion source with an ini tial
ac tiv ity of 5.08 mCi (1 Ci = 3.7×1010 Bq) was ac quired
from Eckert & Ziegler, Iso tope Prod ucts Lab o ra to ries
(Va len cia, Cal., US).

The soil and veg e ta ble sam ples were mea sured
for a to tal of 86400 sec onds to min i mize the count ing
un cer tainty and back ground read ings in the mea sure -
ments. To mea sure the ac tiv i ties of 238U, 232Th, and
40K, gamma spec tros copy was used. The 226Ra ac tiv ity 
con cen tra tion was eval u ated us ing the gamma-ray
lines at 352 keV (35.8  %)  from  214Pb de cay, and at
609 keV (44.8 %), 1120 keV (14.8 %), and 1764 keV
(15.36 %) from 214Bi de cay. The 232Th ac tiv ity con -
cen tra tion was mea sured uti liz ing the gamma-ray lines 
at  239  keV (43 %)  from 212Pb de cay, 583 keV (84.5
%) and 2614 keV (99.16 %) from 208Tl de cay, and 911
keV (26.6 %) from 228Ac de cay. The ac tiv ity con cen -
tra tion of 40K was di rectly an a lyzed us ing the
gamma-ray line at 1461 keV (10.7 %)  rep re sented in
tab. 1 [5, 6]

De ter mi na tion of the
ac tiv ity con cen tra tion

The ac tiv ity con cen tra tions of these radionuclides
AEi [Bqkg–1], were de ter mined us ing the equa tion be low

A
N

C tm
Ei

Ei=
eff g

(1)

where NEi is the net count of a peak at en ergy E, Ceff –
the de tec tion ef fi ciency at en ergy E, g – the pro por tion
of the radionuclide i's gamma emis sion prob a bil ity for
an en ergy tran si tion E, m – the mass in kg of the cal cu -
lated sam ple, and t – the count pe riod [7].

Ex ter nal haz ard in dex Hex

Ex ter nal haz ard in dex Hex is an other ap proach
that has been gen er ally used to set a max i mum of ex po -
sure to hu mans. The limit of the Hex is 1.00 and Hex is
cal cu lated by [8, 9]

H
C C C

ex
Ra Th K= + +

370 259 4810
(2)

In ter nal haz ard in dex Hin

The in ter nal haz ard in dex Hin mea sures the Ra -
don amount and its' harm ful prog eny that has been in -
tro duced into the body via in ha la tion or food con -
sump tion. The Hin is given by

H
C C C

in
Ra Th K= + +

185 259 4810
(3)

where CRa, CTh, and CK are the ac tiv ity con cen tra tions
of 226Ra, 232Th and 40K, re spec tively, in Bqkg–1 [10].

An nual ef fec tive in ges tion dose Aeff

The Aeff to hu mans, due to con sump tion of veg e -
ta bles, is as sessed us ing the fol low ing equa tion [11].

Aeff
1Sv Activity Concentration (Bqkg

Annual int

( ) )m = ×

×

-

ake (kg) ( SvBq )1× -DCF m (4)

where DCF is the dose con ver sion fac tor for in ges tion, 
0.28 µSvBq–1 for 226Ra, 0.23 µSv B–1 for 232Th, and
0.0062 µSvBq–1 for 40K [12].

The an nual in take of veg e ta ble type is 12.4 kgy–1

for leaf, 14.04 kgy–1 for beans and 11.68 kgy–1 for
fruit. Based on the con sump tion of veg e ta bles by
adults in Selangor, Ma lay sia, it is pos si ble to de ter -
mine the to tal yearly in take of veg e ta bles [2]. The av -
er age world wide an nual ef fec tive in ges tion dose Aeff 

of 226Ra and 232Th is 120 µSv and for 40K is 170 µSv,
with a to tal an nual dose of 290  µSv [13].

H. Muthu, et al.: Eval u a tion of Ra di a tion Haz ards and Risk As sess ment in ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2022, Vol. 37, No. 2, pp. 145-152 147

Fig ure 2. En ergy ef fi ciency curve of the de tec tor



Ab sorbed dose rate DN

The ef fect of nat u rally oc cur ring radionuclides
on the rate at which ra di a tion is ab sorbed is de pend ent
on the ac tive con cen tra tions of 226Ra, 232Th, and 40K in 
the en vi ron ment. It is a to tal ion iz ing dose, and it is di -
vided by the time it takes to de liver the dose. The
higher dose – the greater is the harm and dam ages to
the hu man body. The world wide sug gested val ues of
the ab sorbed dose rate rec om mended are 55 nGyh–1

[13]. There fore, the ab sorbed dose rate DN (nGyh–1) is
cal cu lated with [14, 15]

D C C CN = + +0461 0623 00414. . .Ra Th K (5)

An nual ef fec tive dose equiv a lent AEDE

In or der to con vert the ab sorbed dose rate into
the ef fec tive dose rate AEDE, ow ing to nat u ral
radionuclides, was cal cu lated us ing the con stant of 0.2 
and the dose trans fer co ef fi cient of 0.7 SvGy–1, which
were both used in the cal cu la tion [13]. It is pos si ble to
cal cu late the yearly ef fec tive dos age for the pop u la tion  
by [16].

AEDE DN= × × ×- -( ) ( ) . . ( )nGyh h SvGy1 18760 02 07 (6)

Ex cess life-time can cer risk ELCR

When the hu man body is sub jected to dif fer ent
ra di a tion doses, it may have both short- and long-term
neg a tive ef fects on the health, in clud ing the de vel op -
ment of can cer and tu mors, among other things. By
tak ing into con sid er ation the num ber of can cer pa -
tients who have been ex posed to the ra di a tion dose, it
is pos si ble to de ter mine the can cer risk per unit dose.
Risk fac tor RF is de fined as the in creased threat of the
can cer per unit dose, whereas the life time risk of fa tal -
ity due to can cer linked to the prob a bil ity of de vel op -
ing life-long can cer due to the ex po sure of ra di a tion.
The ELCR can be as sessed us ing the fol low ing equa -
tion [17]

ELCR AEDR DL RF= × × (7)

where AEDR is the an nual ef fec tive dose rate, DL – av -
er age Ma lay sian life span, 75 years [18], and RF is the
risk fac tor that is 0.05 for the pub lic ac cord ing to In ter -
na tional Com mis sion on Ra dio log i cal Pro tec tion
ICRP [19, 20]. The world wide doc u mented ELCR
value is 0.29×10–3 [13].

RE SULTS AND DIS CUS SION

The sam ples have been tested us ing HPGe
gamma spec tros copy and the im por tant per for mance
prop er ties have been cal cu lated us ing the equa tions il -
lus trated in the pre vi ous sec tion. These data were used
to eval u ate the ra dio log i cal haz ards from both the soil
and veg e ta bles. Ac cord ing to the ac tiv ity con cen tra -
tions (AC) in veg e ta ble and soil sam ples, the min i mum 
and max i mum AC of 226Ra, 232Th, and 40K in the veg e -
ta ble  sam ples  were  found from 0.4 ± 0.3 Bqkg–1 to
3.4 ±  0.3 Bqkg–1, 0.02  ±  0.01 to 3.6 ± 0.3 Bqkg–1, and
16.2 ± 0.4 to 318 ± 8 Bqkg–1, re spec tively. The min i -
mum and max i mum AC of 226Ra, 232Th, and 40K in the
soil sam ples, were found to be from 2.7 ± 0.6 Bqkg–1 to 
46.5 ± 0.2 Bqkg–1, 9.0 ± 0.3 to 54.8 ± 0.4 Bqkg–1, and
19.2 ± 0.2 to 478 ± 6 Bqkg–1, re spec tively. The av er age 
value AC of 226Ra, 232Th, and 40K in the veg e ta ble
sam ples are 1.58 ± 0.06 Bqkg–1, 1.41 ± 0.02 Bqkg–1,
and 128 ± 5 Bqkg–1, re spec tively, while the av er age
value AC of 226Ra, 232Th, and 40K in the soil sam ples
are 11.1 ± 0.2 Bqkg–1, 22.6 ± 0.4 Bqkg–1, and 119 ± 3
Bqkg–1, re spec tively.  The AC of 226Ra, 232Th, and 40K
in the four an gled beans soil sam ple were found to be
46.5 ± 0.2 Bqkg–1, 54.8 ± 0.4  Bqkg–1, and 478 ± 6 
Bqkg–1, re spec tively, which are higher than the global
av er age val ues sug gested by UNSCEAR (2008) [21],
which are 35 Bqkg–1, 30 Bqkg–1, and 400 Bqkg–1, re -
spec tively, and this has been dis cussed by Hari et al.
[22].

Ra dio log i cal haz ard in soil sam ples

A com par i son of the ra dio log i cal haz ard is
shown in tab. 2 and tab. 3. As a re sult of this study, it
has been dis cov ered that the av er age ex ter nal haz ard
in dex Hex val ues are greater than the amount found in
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Ta ble 1. Gamma-ray en ergy and per cent age abun dance for 238U, 232Th, and 40K radionuclides

El e ment Nu clide Half-life En ergy of gamma ray [keV] Abun dance [%] Sources

238U

214Pb 26.8 minutes 351 35.8
238U (226Ra) se ries214Bi 19.9 minutes 609.3

1764.5
45.4
15.3

232Th

228Ac

6.15 hours

338.4
911.1
968.9

11.4
25.8
17.4

232Th se ries

212Pb 238.63 46.6
208Tl 583.19 85.0

40K 40K 1.28×109 years 1460.8 10.7 Pri mor dial



In dia, Brazil, and Libya, but lesser than the val ues
found in Pa ki stan, the USA, and Montenegro. The in -
ter nal haz ard in dex Hin is lower com pared to the value
in Pa ki stan and Libya.

An nual in ges tion dose Aeff

With ref er ence to tab. 4, the high est an nual in -
ges tion dose is for wa ter spin ach which is 22.89 µSv
and the low est is in the bit ter gourd, which is 2.54 µSv.
The stan dard global an nual in ges tion dose from 226Ra
and 232Th is 120 µSv and 170 µSv, re spec tively. The

nine veg e ta ble sam ples that were taken from this study 
area are found to have smaller an nual in ges tion dose
than the av er age world value [27]. The an nual in ges -
tion dose cal cu lated in this study is com pared with the
val ues from other coun tries, as rep re sented in tab. 5.
The to tal an nual in ges tion dose in this study is noted to
be lesser than the rec om mended dose in the range of
250-400 µSv, as the re port by WHO [27]. The yearly
ab sorp tion dos age in this re search is lower than the
amounts re corded in Tur key, Ni ge ria, Spain, Brazil,
and Viet nam but, it is nearly the same as the dose re -
ported in Ko rea, ac cord ing to the find ings. Dif fer ences 
in the fre quency and man ner of veg e ta ble con sump -
tion in var i ous coun tries have been at trib uted to dif fer -
ences in the en vi ron ment and nat u ral re sources. De -
spite these fac tors, the re search ers con cluded that the
con sump tion of veg e ta bles in most coun tries is not
haz ard ous to the over all pop u la tion.

Ab sorbed dose rate Dn and
ex cess life-time can cer risk ELCR

Ac cord ing to the de ter mined ab sorbed dose rate
Dn in tab. 4, it is found that the high est Dn value is
16.94  nGyh–1  for  wa ter spin ach, and the low est is
1.75 nGyh–1 for Jap a nese mus tard. The ab sorbed dose
rate for all the veg e ta ble sam ples, how ever, was de ter -
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Ta ble 3. Ra dio log i cal haz ard com par i son with the val ues
of some other coun tries of the world

Coun tries Hex Hin Ref er ences

Pa ki stan 0.26 0.28 [23]

In dia 0.08 – [24]

Tur key – 0.46 [25]

Brazil 0.03 – [26]

Ser bia 0.12 – [26]

Libya 0.05 – [26]

USA 0.18 [26]

Montenegro 0.18 – [26]

Cur rent study 0.14 0.17

Ta ble 4. An nual in ges tion dose Aeff, ab sorbed dose rate Dn, an nual ef fec tive dose equiv a lent AEDE, and ex cess life-time
can cer risk

Veg e ta ble
type Veg e ta bles Sam ples

Aeff [µSv]
Dn [nGyh–1] AEDE [µSv] ELCR × 10–5

226Ra 232Th 40K To tal

Leaf

Spin ach V1 3.32 3.05 0.26 6.63 2.53 3.10 1.16

Jap a nese
mus tard V2 6.32 0.29 0.49 7.10 1.75 2.15 0.80

Wa ter spin ach V3 11.83 10.15 0.91 22.89 16.94 20.8 7.79

Beans

Okra V4 4.96 2.75 0.38 8.09 1.79 2.20 0.82

Long beans V5 6.28 10.59 0.48 17.35 8.14 9.98 3.74

Four V6 1.63 2.70 0.13 4.45 5.80 7.11 2.66

An gles bean

Fruit

Cu cum ber V7 4.71 0.11 0.36 5.19 6.46 7.92 2.97

Round brin jal V8 8.67 7.92 0.67 17.27 8.45 10.36 3.88

Bit ter gourd V9 2.31 0.05 0.18 2.54 8.39 10.29 3.86

Av er age  5.56 4.18 0.43 0.17 6.69 8.21 3.08

Ta ble 5. Com par ing the to tal yearly in take of veg e ta ble
sam ples to other na tions' re search and the global per mis si ble 
limit

Coun tries Aeff [µSv] Ref er ences

Tur key 227 [28]

Ni ge ria 270 [29]

Ko rea 110 [30]

Spain 360 [31]

Brazil 500 [32]

Viet nam 387 [33]

WHO 250-400 [27]

Cur rent study 91.52

Ta ble 2. Ex ter nal haz ard in dex Hex and In ter nal haz ard
in dex Hin for soil sur round ing the re spec tive veg e ta ble
sam ples

Soil sam ples sur round ing veg e ta bles Hex Hin

Spin ach 0.13 0.16

Jap a nese mus tard 0.05 0.05

Wa ter spin ach 0.14 0.16

Okra 0.08 0.09

Long beans 0.11 0.12

Four an gles bean 0.44 0.56

Cu cum ber 0.13 0.14

Round brin jal 0.11 0.14

Bit ter gourd 0.10 0.12

Av er age 0.14 0.17



mined to be lower than UNSCEAR's sug gested value,
which is 55 nGyh–1 [13].

Ac cord ing to the sta tis tic by Global Can cer Ob -
ser va tory, WHO, 9.1 % of the to tal of Ma lay sian pop u -
la tion has a prob a bil ity of dy ing from can cer be fore
reach ing 75 [34]. Thus, it is crit i cal to eval u ate the can -
cer risk re lated with the in take of veg e ta bles in this
geo graph ical re gion.

As for the ELCR, it is no tice able from tab. 4 that
the high est ELCR value is 7.79×10–5 for wa ter spin ach,
and the low est value is 0.80×10–5 for Jap a nese mus tard. 
How ever, the ELCR for all the sam ples of veg e ta ble
are lesser than 0.29×10–5, the sug gested amount by
UNSCEAR [13]. This im plies that veg e ta ble grown in
this area has a very low can cer risk. Con sump tion of
fruits and veg e ta bles in our daily life can help to re -
duce the chances of get ting can cer. Ac cord ing to the
stud ies by the Amer i can Can cer So ci ety, con sum ing
veg e ta bles and fruits can lessen the obe sity which
causes to the low er ing the chance of can cer de vel op -
ment [35]. The as sess ment of ex cess life-time can cer
risk from con sump tion of veg e ta ble in this study can
help to en cour age Ma lay sians to con sume more veg e -
ta bles for a health ier life style.

CON CLU SION

This ex per i men tal study on radionuclides 226Ra,
232Th, and 40K al low eval u at ing the soils' and highly
con sumed veg e ta bles in the Klang, Selangor, ra dio -
log i cal haz ards. Both Ex ter nal and in ter nal haz ards
show in sig nif i cant ex po sure to the farm ers and the
gen eral pub lic liv ing in this area. Data anal y sis of the
ra dio log i cal haz ards, due to the con sump tion of the
veg e ta bles grown in this area, shows that the ab sorbed
dose rate, an nual ef fec tive dose equiv a lent, an nual in -
ges tion dose have an in sig nif i cant im pact on the con -
sum ers and the gen eral pub lic. As a re sult of the data
col lected and an a lyzed in this re search, we can in fer
that the soil and veg e ta bles grown on these farms pose
a min i mal risk of de vel op ing can cer as a re sult of ex -
po sure to nat u rally ex ist ing ra di a tion to the pub lic.
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Hariandra MUTU, Rame{ KASI, Rame{ T. SUBRAMANIAM, [ahid BA[IR

EVALUACIJA  OPASNOSTI  OD  ZRA^EWA  I  PROCENA  RIZIKA  U
POQOPRIVREDNOM  ZEMQI[TU  I  UOBI^AJENO  KONZUMIRANOM  POVR]U

U  OKRUGU  KLANG,  MALEZIJA

Povr}e koje se obi~no konzumira i uzorci zemqi{ta koji ga okru`uju prikupqeni su sa
farme koja se nalazi u Klangu, Selangor. Gama spektrometrija kori{}ena je za analizu
koncentracije aktivnosti prirodnih radionuklida 226Ra, 232Th i 40K u devet sakupqenih uzoraka
povr}a i zemqi{ta. Ovi podaci kori{}eni su za procenu indeksa hazarda u uzorcima zemqi{ta i
radiolo{ke izlo`enosti qudi. Utvr|eno je da se eksterni indeks hazarda, kretao od 0.05 do 0.44 sa
sredwom vredno{}u od 0.14.  Interni indeks hazarda uzoraka zemqi{ta kretao se od 0.05 do 0.56 sa
sredwom vredno{}u od 0.17. Obe prose~ne vrednosti indeksa ni`e su od granice koju je utvrdila
Evropska komisija za za{titu od zra~ewa. Ja~ina apsorbovane doze, godi{wa doza ingestije,
godi{wi ekvivalent efektivne doze i dodatni ̀ ivotni rizik od raka, kori{}eni su da bi se saznao 
potencijalni rizik za op{tu populaciju koja konzumira ovo povr}e. Za uzorak povr}a utvr|eno je
da  je  prose~na  vrednost  za  ja~inu  apsorbovane  doze  6.70  nGy h–1  i  da  se  kretala  izme|u  1.75 i
16.94 nGyh–1. Prose~na vrednost godi{we doze ingestije je 10.17 mSv, a kre}e se od 2.54 mSv do 22.89 
mSv. Opseg godi{weg ekvivalenta efektivne doze je izme|u 2.15 mSv i 20.78 mSv, sa prose~nom
vredno{}u od 8.21 mSv. Dodatni `ivotni rizik od raka kori{}en je za odre|ivawe verovatno}e
razvoja raka usled radiolo{ke izlo`enosti konzumirawem ovog povr}a. Utvr|eno je da je wegova
prose~na vrednost 2.87×10‡5, a opseg od 0.75×10‡5 do 7.27×10‡5. Tako|e, utvr|eno je da su i godi{wa doza
ingestije i godi{wi ekvivalent efektivne doze ni`i od prose~ne svetske vrednosti koju
preporu~uje UNSCEAR.

Kqu~ne re~i: godi{wa doza ingestije, opasnost od zra~ewa, prirodni radionuklid, indeks
hazarda, ja~ina apsorbovane doze


