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Commonly consumed vegetables and their surrounding soil samples are gathered from a farm
located in Klang, Selangor. Gamma spectrometry has been utilized to analyze the activity con-
centration of the natural radionuclides, 226Ra, 232Th, and 4°K in nine vegetables and soil sam-
ples collected. These data are used to evaluate the hazard indices in the soil samples and their
radiological exposure to humans. It is found that the external hazard index H,, ranged from
0.05 to 0.44 with a mean value of 0.14. The internal hazard index H;, of the soil samples
ranged from 0.05 to 0.56 with a mean value of 0.17. Both H,, and H;, average values are
lower than the limit established by the European Commission for Radiation Protection. The
absorbed dose rate Dy, The annual ingestion dose A annual effective dose equivalent
AEDE, and excess life-time cancer risk, are used to learn the potential risk on the general pub-
lic consuming these vegetables. For the vegetable sample, it is found that the average value for
the Dy is 6.70 nGyh! and ranged between 1.75 to 16.94 nGyh-!. The average value of A s
10.17 pSv, and it ranges from 2.54 uSv to 22.89 uSv. The range of AEDE is between 2.15 pSv
and 20.78 puS, with an average value of 8.21 uSv. Excess life-time cancer risk ELCR is used to
determine the likelihood of cancer development due to the radiological exposure of consum-
ing these vegetables. It is found that the average value of ELCR is 2.87-10-%, and the range is
from 0.75-10-° to 7.27-10-5. Both the A sand AEDE are found to be lower than the average
world value recommended by UNSCEAR.

Key words: annual ingestion dose, radiation hazard, naturally occurring radionuclide, hazard index,

absorbed dose rate

INTRODUCTION

Radioactive substances can be found in the envi-
ronment. They can enter the body through various
sources and paths. The consumption of radionuclide-
containing plants is the most common route of human ra-
diation ingestion. It leads to internal radiation exposure
over time, particularly to critical organs.

Ionizing radiation has the potential to induce tis-
sue injury. Radiation-induced changes in the chemical
properties of molecules in the tissue are the primary
cause of tissue damage after being exposed to radia-
tion. The most significant source of radiation-induced
damage is the creation of so called fiee radicals. Given
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that free radicals are chemically extremely active, they
have the potential to react with genetic components in-
side the cell (i. e., the DNA). This has the potential to
cause DNA damage, the majority of which is easily re-
paired by the cell. If this is not the case, cell death may
occur. Alternatively, if the DNA damage is repaired in-
correctly, it may result in a modification of the genetic
encoding, which can result in hereditary alterations or
the development of cancer.

Since radiation has been a part of our lives, our
bodies have evolved to handle the low levels of radia-
tion that we are exposed to. In contrast, excessive ex-
posure to radiation may result in tissue damage by
changing the structure of cells and damaging DNA in
the body. The consequence of this may be a variety of
health problems, including cancer. Inhaling or ingest-
ing a radionuclide can expose the body to ionizing ra-
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diation. This type of exposure usually lasts for a long
time and can be initiated by various means, such as in-
jection or through wounds.

According to the Ministry of Health (MOH) re-
port, Malaysia, the most frequently consumed item are
bananas, apples, oranges, green leafy vegetables, bean
type vegetables, and cabbages. Nearly 40 % of the
adult population eat green leafy vegetables daily. The
MOH recommends taking fruits and vegetables at
least five servings a day (approximately 400 gram per
day) since vegetables and fruits are categorized as the
second most crucial food after rice and grains [1].

The present work aims to evaluate the radiologi-
cal hazards both in the soil and the commonly con-
sumed vegetables by adults living in Selangor, Malay-
sia [2]. A total of 9 types of vegetables are collected
from the farms located in these areas. These vegeta-
bles are grouped into three main types of vegetables.
They are leaf-type vegetables where Japanese mustard
(Brassicas junceea), spinach (Spinnacia oleracea),
and water spinach (lpomoeea aquatic). The fruit spe-
cies are bitter gourd (Momordica charantia), cacum-
ber (Cucumis sativus), and round brinjal (Solanum
melongena). Bean's type of vegetables is long beans
(Vigna sesquipedolis), lady's finger or okra (Hibiscus
esculentus), and four angles bean (Psophocarpus
tetragonolobus). These vegetables are grown in a peat
soil farm located in the district of Klang, where farm-
ing has been going on for more than 20 years, where
once it was oil palm estates. In this study, the H, and
the H,, were determined for the soil surrounding and
the selected vegetables. As for the vegetable samples,
the A ¢, Dy, and AEDE, was determined. At the end of
the process, these values are used to evaluate the
ELCR to humans, which was compared to the world
average values for cancer risk.

MATERIALS AND METHODS
Sampling technique

In this study, nine types of vegetables were iden-
tified, and 5 kg of each vegetable sample were col-
lected. These vegetables were freshly harvested from
the farm with the help of the farmers. The location of
these farms, at the following co-ordinates:
2°57'03.5"N, 101°28'30.0"E, is shown in fig. 1. Every-
thing from dirt to dust, to surface contaminants, was
removed from all of the vegetable samples before they
were used. In the next step, the edible portion of the
vegetable was cut into tiny pieces and dried out using
an electric furnace at 65 °C for 24 hours, until the sam-
ple achieved a dry weight. The dry samples were
ground and sieved to get a fine powder. Soil samples
from the area where the respective vegetables were
grown, was collected at the same time. The surface soil
10 cm deep was removed, and a soil sample was taken
from a depth of 10-30 cm, to determine its composi-
tion. Rocks, dry leaves and twigs and other debris
were cleared from the soil sample before crushing it
into a fine grain. The samples of soils were then dried
inan electric oven at 110 °C for 24 hours to fully elimi-
nate the humidity. For four weeks, dried vegetable and
soil samples were sealed in a Marenilli beakers to
achieve radioactive equilibrium among ?*°Ra and its
progenies [3, 4].

Measurement of radioactivity

Gamma spectroscopy analysis was performed us-
ing a closed-end coaxial HPGe gamma-ray detector
(Canberra; Model GC3018, serial no. 04089401; 59 mm

Sabak Bernam
Batang Kali

Kuala Selangor

-
Kuala Selangor
2,

Petaling

Pul/;;?etan;é\ =
“'(\ 7 JE P

v 4
}(/zr 5
Kuala Langat

e \Kuala Langat

Hulu Selangor

-
Betu Caves

Bandar Sunway

Figure 1. Location of Klang
district in the state of
Selangor




H. Muthu, ef al.: Evaluation of Radiation Hazards and Risk Assessment in ...
Nuclear Technology & Radiation Protection: Year 2022, Vol. 37, No. 2, pp. 145-152 147

crystal diameter; 50 mm long; 2500V working voltage)
with an efficiency of 30 % and resolution of 1.8
keV-FWHM at the 1332.5 keV peak of ®*Co. The detec-
tor was placed inside a cylinder-shaped lead cover to
lessen the background radiation. The HPGe gamma-ray
detector was linked to a 16k MCA?2 for data measure-
ment. The spectra were analyzed using Genie 2000 soft-
ware, which was developed in Canberra.

As shown in fig. 2, the spectrometer's energy ef-
ficiency calibration is performed. The standard mate-
rials and samples were taken using containers of the
same size (having a diameter of 6.5 cm and a height of
7.5 cm) so that the detector geometry remained identi-
cal. The counting time of the sample was kept enough
to minimize the counting error. This energy efficiency
calibration of the detector was made using Marinelli
calibration sources comprising the following: '°°Cd
(88 keV), ’Co (122 keV), *°Ce (167 keV), 2"Hg
(279 keV), '3Sn (392 keV), 33Sr (514 keV), '37Cs
(662 keV), Y (898 and 1836 keV), and ®°Co (1173
and 1332 keV). The calibration source with an initial
activity of 5.08 uCi (1 Ci=3.7-10'° Bq) was acquired
from Eckert & Ziegler, Isotope Products Laboratories
(Valencia, Cal., US).

The soil and vegetable samples were measured
for a total of 86400 seconds to minimize the counting
uncertainty and background readings in the measure-
ments. To measure the activities of 238U, 232Th, and
40K, gamma spectroscopy was used. The 2>°Ra activity
concentration was evaluated using the gamma-ray
lines at 352 keV (35.8 %) from 2'“Pb decay, and at
609 keV (44.8 %), 1120 keV (14.8 %), and 1764 keV
(15.36 %) from 2'“Bi decay. The 2*2Th activity con-
centration was measured utilizing the gamma-ray lines
at 239 keV (43 %) from 2!2Pb decay, 583 keV (84.5
%) and 2614 keV (99.16 %) from 28Tl decay, and 911
keV (26.6 %) from 22! Ac decay. The activity concen-
tration of 4°K was directly analyzed using the
gamma-ray line at 1461 keV (10.7 %) represented in
tab. 1[5, 6]
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Figure 2. Energy efficiency curve of the detector

Determination of the
activity concentration

The activity concentrations of these radionuclides
Ap; [Bgkg™'], were determined using the equation below
Ng;

Ap =—— 1
Ei Ccfftm)/ ( )

where Ng; is the net count of a peak at energy E, Cegr—
the detection efficiency at energy £, y — the proportion
of the radionuclide i's gamma emission probability for
an energy transition £, m — the mass in kg of the calcu-
lated sample, and ¢ — the count period [7].

External hazard index H,,

External hazard index H,, is another approach
thathas been generally used to set a maximum of expo-
sure to humans. The limit of the /_, is 1.00 and H.,, is
calculated by [8, 9]

o ZCRa +CTh + CK
370 259 4810

)

Internal hazard index H;,

The internal hazard index H;, measures the Ra-
don amount and its' harmful progeny that has been in-
troduced into the body via inhalation or food con-
sumption. The H;, is given by

o _Cra O G
185 259 4810

where Cg,, Cry, and Cy are the activity concentrations
of *°Ra, *Th and *’K, respectively, in Bgkg ' [10].

(€)

Annual effective ingestion dose A

The A4 4to humans, due to consumption of vege-
tables, is assessed using the following equation [11].

A (USv ) = Activity Concentration (Bgkg 1.
-Annual intake (kg)- DCF (uSvBq ") 4)

where DCF is the dose conversion factor for ingestion,
0.28 uSvBq' for **°Ra, 0.23 pSv B for ***Th, and
0.0062 uSvBq " for K [12].

The annual intake of vegetable type is 12.4 kgy ™!
for leaf, 14.04 kgy' for beans and 11.68 kgy™' for
fruit. Based on the consumption of vegetables by
adults in Selangor, Malaysia, it is possible to deter-
mine the total yearly intake of vegetables [2]. The av-
erage worldwide annual effective ingestion dose A
of 2°Ra and 2*?Th is 120 uSv and for “°K is 170 uSv,
with a total annual dose of 290 pSv [13].
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Table 1. Gamma-ray energy and percentage abundance for ***U, »**Th, and *’K radionuclides
Element Nuclide Half-life Energy of gamma ray [keV] Abundance [%] Sources
214pp 26.8 minutes 351 35.8
238 238 226 .
U 2dpy . 609.3 454 U (""Ra) series
Bi 19.9 minutes 1764.5 15.3
3384 11.4
Ac 911.1 25.8 2Th series
B2Th 6.15 hours 968.9 17.4
*’pp 238.63 46.6
2057 583.19 85.0
K K 1.28-10° years 1460.8 10.7 Primordial
Absorbed dose rate Dy where AEDR is the annual effective dose rate, DL —av-

The effect of naturally occurring radionuclides
on the rate at which radiation is absorbed is dependent
on the active concentrations of 2°Ra, 23>Th, and *°K in
the environment. It is a total ionizing dose, and it is di-
vided by the time it takes to deliver the dose. The
higher dose — the greater is the harm and damages to
the human body. The worldwide suggested values of
the absorbed dose rate recommended are 55 nGyh™!
[13]. Therefore, the absorbed dose rate Dy (nGyh™) is
calculated with [14, 15]

Dy =0461Cy, +0623Cy, +00414C  (5)

Annual effective dose equivalent AEDE

In order to convert the absorbed dose rate into
the effective dose rate AEDE, owing to natural
radionuclides, was calculated using the constant of 0.2
and the dose transfer coefficient of 0.7 SvGy™!, which
were both used in the calculation [13]. It is possible to

calculate the yearly effective dosage for the population
by [16].

AEDE =D, (nGyh ")-8760(h)-02-0.7(SvGy ') (6)

Excess life-time cancer risk ELCR

When the human body is subjected to different
radiation doses, it may have both short- and long-term
negative effects on the health, including the develop-
ment of cancer and tumors, among other things. By
taking into consideration the number of cancer pa-
tients who have been exposed to the radiation dose, it
is possible to determine the cancer risk per unit dose.
Risk factor RF is defined as the increased threat of the
cancer per unit dose, whereas the lifetime risk of fatal-
ity due to cancer linked to the probability of develop-
ing life-long cancer due to the exposure of radiation.
The ELCR can be assessed using the following equa-
tion [17]

ELCR = AEDR -DL-RF @)

erage Malaysian lifespan, 75 years [18], and RF is the
risk factor that is 0.05 for the public according to Inter-
national Commission on Radiological Protection
ICRP [19, 20]. The worldwide documented ELCR
value is 0.29-107 [13].

RESULTS AND DISCUSSION

The samples have been tested using HPGe
gamma spectroscopy and the important performance
properties have been calculated using the equations il-
lustrated in the previous section. These data were used
to evaluate the radiological hazards from both the soil
and vegetables. According to the activity concentra-
tions (AC) in vegetable and soil samples, the minimum
and maximum AC of 22°Ra, 232Th, and *°K in the vege-
table samples were found from 0.4 + 0.3 Bgkg™! to
3.4+ 0.3Bgkg',0.02 + 0.01t03.6+0.3 Bgkg!,and
16.2 + 0.4 to 318 + 8 Bgkg ™!, respectively. The mini-
mum and maximum AC of 22°Ra, 232Th, and *°K in the
soil samples, were found to be from 2.7 0.6 Bqgkg ™! to
46.5+0.2 Bgkg™',9.0+0.3t0 54.8+0.4 Bgkg™', and
19.2+0.2t0478+6 Bgkg !, respectively. The average
value AC of *?°Ra, 232Th, and “’K in the vegetable
samples are 1.58 + 0.06 Bgkg™', 1.41 + 0.02 Bgkg ™,
and 128 + 5 Bqgkg ™!, respectively, while the average
value AC of ?*°Ra, 23?Th, and *’K in the soil samples
are 11.1 £0.2 Bgkg™',22.6 + 0.4 Bqkg !, and 119 £ 3
Bgkg !, respectively. The AC of ?°Ra, 232Th, and K
in the four angled beans soil sample were found to be
46.5 £ 0.2 Bgkg!, 54.8 £ 0.4 Bgkg!, and 478 £ 6
Bqkg !, respectively, which are higher than the global
average values suggested by UNSCEAR (2008) [21],
which are 35 Bqkg™!, 30 Bqkg™'!, and 400 Bgkg ™!, re-
spectively, and this has been discussed by Hari et al.
[22].

Radiological hazard in soil samples

A comparison of the radiological hazard is
shown in tab. 2 and tab. 3. As a result of this study, it
has been discovered that the average external hazard
index H,, values are greater than the amount found in
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Table 2. External hazard index H,, and Internal hazard
index H;, for soil surrounding the respective vegetable
samples

Table 5. Comparing the total yearly intake of vegetable
samples to other nations' research and the global permissible
limit

Table 3. Radiological hazard comparison with the values
of some other countries of the world

Countries H,y H, References
Pakistan 0.26 0.28 [23]
India 0.08 - [24]
Turkey - 0.46 [25]
Brazil 0.03 - [26]
Serbia 0.12 - [26]
Libya 0.05 - [26]
USA 0.18 [26]
Montenegro 0.18 - [26]

Current study 0.14 0.17

India, Brazil, and Libya, but lesser than the values
found in Pakistan, the USA, and Montenegro. The in-
ternal hazard index H,, is lower compared to the value
in Pakistan and Libya.

Annual ingestion dose A

With reference to tab. 4, the highest annual in-
gestion dose is for water spinach which is 22.89 uSv
and the lowest is in the bitter gourd, which is 2.54 uSv.
The standard global annual ingestion dose from ?>’Ra
and 23?Th is 120 puSv and 170 uSv, respectively. The

Soil samples surrounding vegetables Hey Hi, Countries Aer [1SV] References
Spinach 0.13 0.16 Turkey 227 [28]
Japanese mustard 0.05 0.05 Nigeria 270 [29]
Water spinach 0.14 0.16 Korea 110 [30]
Okra 0.08 0.09 Spain 360 [31]
Long beans 0.11 0.12 Brazil 500 [32]
Four angles bean 0.44 0.56 Vietnam 387 [33]
Cucumber 0.13 0.14 WHO 250-400 [27]
Round brinjal 0.11 0.14 Current study 91.52
Bitter gourd 0.10 0.12
Average 0.14 0.17 nine vegetable samples that were taken from this study

area are found to have smaller annual ingestion dose
than the average world value [27]. The annual inges-
tion dose calculated in this study is compared with the
values from other countries, as represented in tab. 5.
The total annual ingestion dose in this study is noted to
be lesser than the recommended dose in the range of
250-400 pSv, as the report by WHO [27]. The yearly
absorption dosage in this research is lower than the
amounts recorded in Turkey, Nigeria, Spain, Brazil,
and Vietnam but, it is nearly the same as the dose re-
ported in Korea, according to the findings. Differences
in the frequency and manner of vegetable consump-
tion in various countries have been attributed to differ-
ences in the environment and natural resources. De-
spite these factors, the researchers concluded that the
consumption of vegetables in most countries is not
hazardous to the overall population.

Absorbed dose rate D, and
excess life-time cancer risk ELCR

According to the determined absorbed dose rate
D, in tab. 4, it is found that the highest D, value is
16.94 nGyh™! for water spinach, and the lowest is
1.75 nGyh™! for Japanese mustard. The absorbed dose
rate for all the vegetable samples, however, was deter-

Table 4. Annual ingestion dose A.¢, absorbed dose rate D,, annual effective dose equivalent AEDE, and excess life-time

cancer risk

Veigyerfgble Vegetables | Samples R, 232Tﬁe“'[“SV10K Total D, [nGyh'1 | AEDE [pSv] | ELCR-10°°
Spinach Vi1 3.32 3.05 0.26 6.63 2.53 3.10 1.16
Leaf Jlj‘llflas‘:;rif V2 6.32 0.29 0.49 7.10 1.75 2.15 0.80
Water spinach | V3 11.83 10.15 0.91 22.89 16.94 20.8 7.79
Okra V4 4.96 2.75 0.38 8.09 1.79 2.20 0.82
Beans 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

Angles bean

Cucumber \'% 471 0.11 0.36 5.19 6.46 7.92 2.97
Fruit | Round brinjal | V8 8.67 7.92 0.67 17.27 8.45 10.36 3.88
Bitter gourd V9 231 0.05 0.18 2.54 8.39 10.29 3.86
Average | 5.56 4.18 0.43 0.17 6.69 8.21 3.08
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mined to be lower than UNSCEAR's suggested value,
which is 55 nGyh™! [13].

According to the statistic by Global Cancer Ob-
servatory, WHO, 9.1 % of'the total of Malaysian popu-
lation has a probability of dying from cancer before
reaching 75 [34]. Thus, it is critical to evaluate the can-
cer risk related with the intake of vegetables in this
geographical region.

As for the ELCR, it is noticeable from tab. 4 that
the highest ELCR value is 7.79-107 for water spinach,
and the lowest valueis 0.80-10 for Japanese mustard.
However, the ELCR for all the samples of vegetable
are lesser than 0.29-1075, the suggested amount by
UNSCEAR [13]. This implies that vegetable grown in
this area has a very low cancer risk. Consumption of
fruits and vegetables in our daily life can help to re-
duce the chances of getting cancer. According to the
studies by the American Cancer Society, consuming
vegetables and fruits can lessen the obesity which
causes to the lowering the chance of cancer develop-
ment [35]. The assessment of excess life-time cancer
risk from consumption of vegetable in this study can
help to encourage Malaysians to consume more vege-
tables for a healthier lifestyle.

CONCLUSION

This experimental study on radionuclides >*°Ra,
232Th, and *°K allow evaluating the soils' and highly
consumed vegetables in the Klang, Selangor, radio-
logical hazards. Both External and internal hazards
show insignificant exposure to the farmers and the
general public living in this area. Data analysis of the
radiological hazards, due to the consumption of the
vegetables grown in this area, shows that the absorbed
dose rate, annual effective dose equivalent, annual in-
gestion dose have an insignificant impact on the con-
sumers and the general public. As a result of the data
collected and analyzed in this research, we can infer
that the soil and vegetables grown on these farms pose
a minimal risk of developing cancer as a result of ex-
posure to naturally existing radiation to the public.
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Xapunanapa MYTY, Pamemn KACH, Pamemt T. CYBPAMAHUAM, Mlaxug bAIIUP

EBAJTYAIIMJA OIMACHOCTHU O] 3PAYEIA U ITPOLEHA PU3UKA Y
MMO/bONNPUBPETHOM 3EM/bMIITY U YOBUYAJEHO KOH3YMUPAHOM IIOBPRY
Y OKPYTIY KIIAHI, MAJIE3UJA

IToBphe koje ce 0OMYHO KOH3YMUPa U Y30PIH 3eMJBHIIITA KOjU T'a OKPYXKY]y IPUKYIIJLEHU Cy ca
¢dapme koja ce namasm y Kumanry, Cemanrop. ['ama cnektpomerpmja KopuinheHa je 3a aHaIu3y
KOHIIEHTpAIje aKTHBHOCTH IIPUPOJHKX paguonyknuaa *2°Ra, 2?Th u K y 1eBeT cakymbeHHX y30paka
noBpha u 3emspuinTa. OBY Ofany KopuIrheHu cy 3a MPOIeHY MHIeK A Xa3apya y y30pIrMa 3eMJbHIITA 1
PaaroJIONIKe N3TI0KEHOCTH JbY/IU. Y TBphHEHO je J1a ce eKCTepHHU nHjeKC Xazapya, kperao ox 0.05 o 0.44 ca
cpenmoM Bpepuotthy on 0.14. MHTepHn nHAEKC Xa3apja y3opaka 3emibuinTa kpetao ce of 0.05 o 0.56 ca
cpenmoM BpegHotthy ox 0.17. O6e nmpoceyHe BpeTHOCTH HHACKCA HIZKE Cy Off TPaHMIIE KOjy je YTBpAIIa
EBporncka kKomucHja 3a 3aliTUTy Off 3pauyckha. JaumHa armcopOoBaHe 03¢, TOUIIbA 1032 WHIECTHje,
TOIMIIELY CKBUBAJICHT e(PEKTUBHE 103€ U AOAATHU >KMBOTHY PU3UK Of] paka, KopulltheHu ¢y 1a 61 ce ca3Hao
MOTEHIMjaTHA PU3KK 3a OMIITY MOMYyJannjy Koja KoH3ymMupa oBo nosphe. 3a y3opak noBpha yTBpheHo je
la je mpocevHa BPEJHOCT 3a jaumHy arncop6osane no3e 6.70 nGy h™! u ga ce kperana usmeby 1.75u
16.94 nGyh™'. [Ipoceuna BpeaHOCT rofuiimbe fo3e unrecruje je 10.17 uSv, a kpehe ce o 2.54 pSv o 22.89
pSv. Omcer roguiimer eKBuBajieHTa eekTuBHe no3e je uameby 2.15 uSv m 20.78 pSv, ca npoceunom
BpepHotrthy of 8.21 uSv. JlogaTHN KUBOTHU PU3HK Off paka KopuitheH je 3a ofipebuBame BepoBaTHOhE
pa3Boja paka yclieql paiuoJIOIKe H3I0KEHOCTH KOH3YMIpameM oBor moBpha. Y BpheHo je na je merosa
npoceyna BpeHocT 2.87-107, a oncer o 0.75-107 1o 7.27-1073. Takobe, yrBpheHo je aa cy u roguinmba 103a
UHIeCTHje U TOJUINBU CKBUBAJNCHT e(PEKTHUBHE AO03€ HUKU Off MPOCEYHE CBETCKE BPEAHOCTH KOjy
npenopyuayje UNSCEAR.

Kmwyune peuu: Zoouwirba 003a unzecitiuje, 0UacHoOCi 00 3padetba, UpupoOHU PAOUOHYKAUO, UHOEKC
xasapoa, javura aiicopbosare 003e




