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ABSTRAK

Pengukuran kadar dos sinar gama daratan, terrestrial gamma radiation dose-rate
(TGRD) di alam sekitar telah dilakukan di negeri Johor. Dari data yang diperolehi
hubungan di antara latarbelakang geologi dan jenis tanah dengan aras TGRD telah
dianalisis secara statistik menggunakan kaedah analisis varians sehéla, one way
analysis of variance, ANOVA. Semasa penyiasatan kawasan sinaran
latarbelakang tabi’i tinggi telah ditemui di Palong, Daerah Segamat, Johor. Kajian
radiologi telah dilakukan untuk menentukan aras TGRD dan dos kepada
penduduk di kawasan tersebut. Pengukuran kepekatan uranium-238 dan torium-
232 dalam sampel tanah, air, rumput rampai, lumut dan buah kelapa sawit telah

dilaksanakan untuk menentukan kemungkinan hazard radiologi vang ada.



ABSTRACT.

Measurements of environmental terrestrial gamma radiation dose-rate (TGRD)
have been conducted in the state of Johor, Malaysia. Using the data obtained,
relationships between geological background and soil types with TGRD levels
were analysed statistically using one way analysis of variance (ANOVA) method.
In the course of the investigation an area of high natural background radiation was
found in Palong, Segamat District, Johor. Radiological studies to determine the
TGRD levels and the dose to the population in the area were conducted.
Measurements of uranium-238 and thorium-232 concentrations in samples of soil,

water, grass, moss and oil palm fruit were carried out to determine their possible

radiological hazards.
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PENGENALAN.

Kepentingan kajian mengenai keradioaktifan dan aras sinaran semula jadi di alam
sekitar telah dikemukakan dalam bahagian pengenalan pada kertas-kertas kerja
vang dilampirkan dalam Bab 2 dan Bab 4. Secara ringkasnya kajian ini diperlukan
untuk dijadikan rujukan kepada kerja-kerja yang berkaitan dengan keselamatan

dan kesihatan radiologi, iaitu ia merupakan keperluan kepada bidang Fizik

Kesihatan,

Dalam kertas kerja berkenaan dinyatakan bahawa kajian sebegini telah banyak

dilakukan di negara-negara maju, tetapi belum dilakukan secara menyeluruh di

Malaysia.

PERNYATAAN MASALAH.

Kajian ini merupakan lanjutan dari penyelidikan sebelumnya, iaitu a)
“Perlindungan Radiologi di Industri dan Perlombongan” yang dibiayai oleh geran

IRPA No. 4-07-07-040, tahun 1991 — 1994, dan “Keradioaktifan Tabi’i di alam



Sekitar” yang dibiayai oleh geran dari Unit Penyelidikan dan Perundingan Vot.

61792, Universiti Teknologi Malaysia, tahun 1995 - 1996.

Dalam kajian di atas, survei sinaran latarbelakang di seluruh Negeri Johor telah
dilakukan. Hasilnya satu kawasan yang mempunyai dos sinaran latar belakang
tabi’i yang tinggi telah dikenalpasti di sekitar Palong, Segamat. Penyelidikan ini
telah melakukan kajian radiologi alam sekitar khusus terhadap kawasan tersebut.

Hasil kajian ini dikemukakan dalam Bab 4.

Kajian sebelumnya telah menunjukkan adanya hubungan diantara jenis tanah,
latar belakang geologi dan kadar dos sinar gama daratan di alam sekitar. Kajian
ini telah menganalisis hubungan ini secara statistik. Hasilnya dikemukakan dalam
Bab 2 dan Bab 3. Hubungkait yang merupakan dapatan dari kajian ini boleh
digunakan untuk meramalkan kadar dos_ sinar gama daratan di alam sekitar

berdasarkan maklumat jenis tanah dan latar belakang geologi.

Bagi kebanyakan tempat di Malaysia maklumat jenis tanah dan latar belakang
geologi boleh didapati dengan ketepatan yang memadai untuk tujuan penggunaan
fizik kesihatan yang biasa. Kaedah ramalan kestatistikan berdasarkan maklumat
jenis tanah dan latar belakang geologi ini dijangkakan akan dapat menjimatkan

masa dan sumber berbanding dengan sekiranya maklumat hanya diperolehi



melalui pengukuran sebenar yang dilakukan di lapangan. Kaedah ini dijangkakan
akan lebih memudahkan pemetaan isodos sinaran di Malaysia dilakukan secara

menyeluruh untuk tujuan penggunaan fizik kesihatan dan lain-lainnya (lihat

Bahagian Pengenalan pada Bab 2).
OBJEKTIF DAN SKOP KAJIAN.
Objektif kajian ini adalah seperti berikut:-

a) Mendapatkan hubungan kestatistikan diantara data jenis tanah, latar
belakang geologi dan aras kadar dos sinaran daratan intuk
membolehkan pembinaan asas ramalan terhadap kadar dos sinaran
gama daratan dilakukan berdasarkan kepada maklumat jenis tanah dan

latar belakang geologi.

b) Untuk mengenal pasti tahap hazard radiologi vang terdapat di kawasan

sinaran tinggi di Palong, Segamat, Johor.

Skop Kajian.

Untuk objektif a) skop kajian melibatkan data kadar dos sinaran gama daratan

vang terkumpul di Negeri Johor setakat tahun 1999.



Untuk objektif b) skop kajian ialah kawasan yang lingkungi oleh garis lintang di

antara 2° 27 dan 2° 50’ Utara dan garis bujur di antara 102° 40 dan 102° 52’

Timur.
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KESAN JENIS TANAH TERHADAP DOS SINARAN GAMA DARATAN
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Abstract

R e e FY T b G e o L

Concentrations of uranium-238 and thorium-232 in soil, waler, grass, moss and oil-
palm fruit samples collected from an area of high background radiation were determined
using neutron activation analysis (NAA). U-238 concentration in soil ranged from
49mgke™" (58.8 Bgkg™") to 404 mgkg™' (484.8 Bqkg™"), Th-232 concentration ringed
from 14.9mgkg™" (59.6 Bqkg™") to 301.0 mgkg™" (1204 Bqkg™"). The concentration of
U-238 in grass samples ranged from below the detection limit to 0.076 ma kg™
(912mBqkg™'), and Th-232 ranged from 0.008 mgkg™' (32 mBgkg™") to 0.343 mg kg™
(1.372 Bqkg™'). U-238 content in water samples ranged from 0.33mgkeg™" (4.0BqL™")
to L40mgkg™' (168BqL™"), and Th-232 ranged from 0.19 mgks™' (0.76 BqL™"Y) Lo
0.66 mg kgfl (2.64 Bq L™'). It can be said that the concentrations of environmental U-238 and
Th-232 in grass and water samples in the study area are insignificant. Mosses were found to be
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possible bio-radiological indicators duc to their high absorption of the heavy radioclements

from the environment,
© 2004 Elscvier Lid. All rights reserved.

Kewwords: Environmental; Soil; Uranium-238; Thorium-232; Radiation; Activity concentration

1. Introduction

The most common terrestrial radioclements that produce gamma-rays are
uranium-238, thorium-232 and potassium-40. The study of natural terrestrial
radiation is uselful lor various rcasons as have been reported by many authors
including Eisenbud (1964), Frenzel (1993), Erickson et al. (1993), Ramli (1997) and
Maicllo (1997). Around the world there arc some arcas having extremely high
background radiation levels. High cxternal radiation levels have been found in
Austria, Brazil, China, France, India, Italy and other countrics as pointed by
Hanson and Kamarov in 1983 (Malanca ct al., 1993). Highest concentrations ol
radioactive minerals in soil arc found in Brazil and India (Radhakrishna et al., 1993).

Most of the radioactivity in the terrestrial environment whether it is natural
or man-made, is bound to the components of the soil. Transportation of this
radioactivity from soil is possible to vegetation via dust deposition or root uptake,
water sources by flood wash-down, and forward to humans through inhalation,
breathing and soil ingestion. Therefore, all pathways of exposure that originate from
soil are potentially important for the purpose of radiation risk assessment.
Considerable attention has been given to the soil radioactivity, mainly for the
purposes of establishing bascline data for [uture radiation impact asscssment,
radiation protection and exploration.

Radhakrishna et al. (1993) studied natural background radiation in the southwest
coast of India. Systematic gamma spectrometric analysis indicated that the presence
of monazite is the cause of the observed high natural background radiation in the
area. In the same area, Narayana et al. (1995) studied the distribution and
enrichment of radionuclides, and have observed that the monazite deposit in the area
is predominant in the upper (0-10 cm) layer. The source of the monazite may be
traced to the rocks in the area that were weathered and the released minerals were
transported by the river and deposited on the coastal areas. Ibrahim et al. (1993)
measured the radioactivity levels in the soils of the Nile Delta and middle Egypt. It
was shown that the highest radionuclide activity occurs in clay soils and the lowest
occurs in sandy soils. The highest Cs-137 activity was found in the region of the dark
clay and muddy clay soils.

Various studies concerning radioactivity bound to soil were carried out in
European countries. For example, Quindos et al. (1994) studied on the natural
radioactivity in Spanish soils. Concentrations of Ra-226, Th-232, and K-40 were
obtained and the radionuclides were correlated to the external exposure rates from
terrestrial gamma radiation measured throughout Spain. Bonazzola et al. (1993)
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studied the downward migration ol Cs-137 and Ru-106 deposited on [talian soils
after Chernobyl accident. It was indicated that 60% of the ruthenium (Ru-106) and
60-80% of cesium (Cs-137) contamination [rom Chernobyl accident are contained in
the first I-cm-thick layer of undisturbed grassland soil, while more than 95% of
contamination is contained in the first 3-em-thick layer for both radionuclides.

Albering ct al. (1996) carried out a survey of Rn-222 concentrations in dwellings
and soils in the Dutch Belgian border region. Varley and Flowers (1998) did a similar
study in southwest England, and have considered the influence ol geology,
meteorological variables, spatial and depth variation. They have cstablished that
the soil represents the chiel source of indoor radon. Morales and Buenlil (1996)
carricd out an environmental gamma dosc measurements in Mcexico City. The
cnvuonmcnm] gamma dosc rates were found to be between 83 nGyh™ ' and

112 nGy h™". The outdoor dose rates were found to be 85 nGy h™' for sites having
soil of cither volcanic or lucunars origin, and 107 nGy h™ "at nearby hill belonging to
a volcanic chain.

Malanca ct al. (1993) studied the natural radioactivity in Brazilian State of Rio
Grande do Norte. The average concentrations of Ra-226, Th-232 and K-40 in soil
sumples in the arca of the study were 29 Bq kg~', 46.6 Bgkg™' and 677 Bqkg ',
respectively. The bed rock of Santana do Matos showed high radioactivity, which
was about 90 Bq kg™', 285.6 Bq kg~ ' and 1414 Bg kg~!, respectively for Ra-226, Th-
232 and K-40. The external gamma radiation dose rate [or the downtown area in the
region ranged from 200 nGy h~'to 330 nGyh "

Radioactivity levels vary greatly depending on soil type and mineral make-up.
The higher concentrations of uranium, thorium and potassium arc associated with
soil developed from acid magmatic rocks and clay (Kogan et al., 1971) and probably,
majority of uranium is associated with the phosplmtlc sands and clays of these
formations (Roessler et al., 1993).

The primary objective of the present study is to determine uranium-238 and
thorium-232 concentrations in environmental samples of soil, grass, oil-palm [ruits,
moss and water collected from an area of relatively high background radiation. Such
kind of study could assist environmental radiological assessments in the future. The
interest behind the study in the area is mainly due to its contribution to food
production, the existence of water sources and the presence of human life. The
concentration ratios of uranium-238 and thorium-232 obtained in this study are
compared with those published in United Nations Scientific Committee on Effects of
lonizing Radiations Report (UNSCEAR, 2000).

The study area (Fig. 1) is the Palong area in the District of Segamat, northern part
of Johor State, Malaysia. It is an agricultural arca located between latitudes 2°27°
and 2°50’ North; and longitudes 102°40" and 102°52' East. The main agricultural
products are oil palm and rubber. The area is overlaid mainly by soils of Orthic
Ferralsols known locally as Segamat-Katong, and underlied by tertiary rocks of
continental deposits and volcanics.

Environmental radiation data acquired over a period of four years from various
research programs involving various districts of Johor, Malaysia, have been reported
in details elsewhere (Ramli, 1997). The high background radicactivity of the study
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arca, in particular, has been identified during the ground gamma-ray survey
conducted by Ramli et al. (2000).

2. Methods and materials

To represent locality of sampling point in the study area, at cach sampling
location, additional three or four points surrounding the main spot (located by the
longitudinal and latitudinal line grids where terrestrial gamma-ray, TGR, dose was
measured), about 1 m away cach, were marked. Samples ol soil, grass, moss, water
and oil-palm [ruits were collected from various locations, with differing TGR dose
rates as shown in Fig. 1. The concentrations of U-238 and Th-232 were determined

in cach sample.
2.1, Measurement of TGR dose rates

The terrestrial gamma radiation (TGR) dosc rate measurcment points were
located according to the longitudinal and latitudinal lines, where possible, readings
were made at cach crossing point of the grid. The TGR dose measurements were
done by using two identical gamma-ray detectors at cach point and the average value
was rccorded. The detector used is model 19, micro roentgen (pR) meter,
manulactured by Ludlum, USA. It uses 1" X 17 (2.54 X 2.54 cm) sodium iodide
(Nal) erystal doped with thallium (T1) as an activator. The approximate lincar
energy of the detector [alls between 40 keV and- 1.2 MeV, this range covers the
majority of significant gamma-ray cmissions from terrestrial sources. The detection
of gamma-rays from cosmic rays is negligible duc to the detectors’ low response to
high-energy gamma radiation.

2.2. Soil samples

The topsoils, [rom each of the previously marked point at the sampling location,
at ~5-cm depth were taken and mixed together to obtain a representative sample of
about 2 kg mass. Samples were dried in an oven at 100 °C for 24 h, then crushed,
ground to fine powder and homogenized by passing through a 200 mm/150 pm test
sieve. Samples were sealed in plastic containers and left for at least one month,
before preparation for neutron irradiation, to ensure secular equilibrium between
226R4 and the noble gas radon (***Rn) and its decay products (Mollah et al., 1987;
Ibrahim et al., 1993).

2.3. Grass, moss and oil-palm fruit samnples

Representative samples of grass, oil-palm fruits and moss were obtained. They
were collected from selected locations as mentioned at the beginning of Section 2
where the TGR doses have been measured and the soils were sampled. Distilled
water was used to clean grass and oil-palm fruit samples. Moss samples were further
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washed thoroughly with distilled water several times to cnsure removal of all visible
soil contaminants. The samplcs werc air-dried for one week and were then dricd
further by placing them in an oven at 90 °C for 24 h. Their dry weights were
determined. Grass and moss samples were turncd into ashes in a furnace at 450 °C
for 24 h. The ashes were powdered and homogenized. Each sample was packed in
a plastic container and was left for several days before NAA analysis was performed.

2.4. Water samples

Water samples werc collected from rivers, streams, one traditional well and onc
fishpond. Two liters of water [rom cach sampling sitc were taken and filtered using
filter paper with 4.5 pm potc size, and then about 2 mL of nitric acid (HNO3) were
added immediately to avoid ions rom being adsorbed by the container. After a few
days and before the NAA process, samples werc cvaporated by boiling to & volume
of about 25 mL. An aliquot of 2.0 g of this walcr werc cvaporated to dryness in
a polycthylenc vial in an oven at 60 °C for 24 h in preparation for ncutron

irradiation.

2.5. Determination of U-238, Th-232 and K concentralions

Neutron activation analysis (NAA) has been employed in this study to determine
U-238, Th-232 and K-40 concentrations in samples. NAA is a sensitive multi-
clement analytical technigque useflul for performing both quantitative and qualitative
analysis. The technique is most uscful because of its reliability for accurate and
precise determination of clemental concentrations in unknown materials (William,
1972; Clemente, 1976; Alamin and Spyrou, 1997).

Samples werc prepared for NAA according to the procedures recommended by
the International Atomic Energy Agency, TAEA (1990). Standard for quantification
of U-238 and Th-232 in the samples was prepared [rom stock solution consisting of
100 mg kg~' and 98 mg kg™, U-238 and Th-232, respectively. An aliquot of 0.1 mL
of the stock solution was transferred onto 0.1 silicon oxide contained in
a polyethylene vial. Tt was dried in an oven sct at 60 °C for about 24 h. To cnsurc
quality of generated data, two certified reference materials, i.c. TAEA-312 and NBS-
1633a, cach weighted 0.100 g werc prepared into polyethylene vials and were used as
quality control materials (Gladney et al., 1987).

The following standards have been prepared for the determination of K-40
contents in soil, water and vegetation materials: first, 300 mg of KNO; solution
(1000 ppm K) was transferred into polyethylenc vial and was dried at 60 °C in an
oven for 24 h; second, 100 mg of NBS-1633a as well as 200 mg of tomato leaves
(NBS-1573) were used as quality control material. The entire unknown and the
standard samples were sealed in labeled polyethylene vials of the same size before
neutron irradiation.

Each prepared batch of the unknown samples together with the standards were
irradiated for 6h simultancously in a fast neutron flux of 3 X 102 nem™? s~!at
MINT’s TRIGA nuclear reactor operated at 750 kW power (Auu, 1983). After
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irradiation, samples were left at least for three days cooling period before starting
counting and measurcments. Some sclected sa mples from cach batch were irradiated
together with the standards sequentially for 2 min in a flux of 2 X 10" nem™ B
and then left for 24 h before starting the counting for the determination of K
concentration. The irradiated samples were counted [or gamma-rays using lcad
shiclded hyperpure germanium (HPGe) detectors with 1.90 keV resolution adjusted
for the full width at hall maximum (FWHM) of the 122 keV photo peak ol cobalt-57
and the 1332keV photo peak of cobalt-60. The detector elliciency is ~20%
compared to Nal(Tl) detectors. The counting time for cach sample was I h. The
ambicnt background count was monitored and was found to be negligible.

The activity concentrations of U-238, Th-232 and K were determined using the
formula,

A=(CANn f3)/M.C (1)

where, A is the specific activity of the radioisotope (Bq kg™"), C. is the elemental
concentration (mg kg™"), A is the decay constant (s~") of the parent radioisotope,
Ny is the Avogadro’s number (6.023 X 107 atoms mol"'),_}’;l is the [ractional atomic
abundance in nature (% or ppm), M, is the atomic mass (kg mol™!) and C is
a constant (with valuc of 100 or 10°) that converts the ratio of the mass of the
clement to mass ol the soil into a percentage or parts per million (ppm).

3. Results and discussion

The result of TGR dosc survey is presented in Fig. 1. Elcvated TGR dose rates were
found in the study area, particularly in Balai Badang village, which was inhabited by
about 500 persons. The highest dose recorded in this village was 1440 £ 100 nGy h™!'
(160 uRNh™') and the average was estimated to be 500 # 35 nGy h! (56 uR h™h.
These values are, respectively, ~24 and ~8 times higher than the world average
terrestrial dose rate of 59 nGy h~' (UNSCEAR, 2000). This is the highest TGR
dose discovered so far in Johor State. TGR dosc rate in the area as a wholc
ranges {rom 7247 nGyh™' to 1440 + 100 nGy h~' (dose conversion factor of
| tRh™'~9nGyh™' has been used).

Results from the present measurements of the certified samples and the standard
certified values were comparable, leading to a conclusion that the technique was

properly performed (Table 1).
3.7, Uranium=-238 and thorium-232 content in soil

Concentrations of U-238 and Th-232 in soil samples are given in Table 2 and their
corresponding activity concentrations are presented in Table 7. Concentrations of U-
238 in all soil samples were in the range ol 4.9-40.4 mg kg™" with the activity ranging
from 58.8 Bqkg ' (1.59 pCig™') to 484.8 Bq ke~' (13.1 pCig™"). The concentra-
tions of Th-232 were in the range of 14.9-300.7 mg kg ™' with the activity being in the
range of 59.6 Bq kg~' (1.61 pCi g~")to 1203 Bq kg~' (32.5 pCi g~ '). Soil samples 52
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Table 1

Elemental concentration in the standard samples measured for qualily assurance/control

Llement  Elemental coneentration in mg ke~ unless % is indicated
NBS-1573 (lomato feaves) NBS-1633a (coal fly ash) TALEA-312 (s0il)
NBS certified  Value from NBS certified  Value from NBS certified  Value from
vitlue the experiment  value the experiment  value the experiment
u = - .20+ 030 1134 1.4 16.50 + 085 [7.30 + 0.75
Th 0.205 £ 0.003 0.22 + 0.05 24704030 290+ 1.0 914 4+ 10.1 932+ 72
K (%) 434 +0.06 3904 0.30 LB +0.06 1.70 +0.13 = -

Error lerms appearing in the table are amalytical standard devintions unless % is indicated.

and S5 arc the lowest in both U-238 (4.9 and 5.2 mgkg~'y and Th-232 (14.9 and
22mgkg™" concentrations. U-238 and Th-232 content in most of these soil
samples are quite high leading to the same conclusion of Agcos and Paton (1939)
[rom their acrial survey, that this area has anomalous radioactivity. This appears to
be caused by the intermediate (o basic volcanic rocks rich in heavy mincrals such as
monazite. Potassium contribution to TGR dose can be regarded as a constant. No
arca ol abnormal potassium presence was observed in this study. Potassium
variation in the environment wil] not aflect its human body composition, since its

presence and concentration in a human body is strictly regulated by the body.
Lincar regression analysis has been employed and the percentages of the variation
of the TGR dosce with the ‘concentration of U-238 and/or Th-232 were obtained
according to Walpole (1982). Eq. (2) (Montgomery, 1982) expresses the straight line
that fits the lincar relationships between TGR dose and U-238 or Th-232. :

D=ﬁ“+‘6]C“‘f'€

Table 2
Concentration of urinium and thorjum in soil samples
Soil sumple Concentration of U and Th (mgkg™) Thito Uratic  TGR dase
. ate at the sampling
U Th rate at t pling
point & 10% (nGyh™"

Si 10.0 + 0.5 95.1+3.0 9.51 £ 0.17 339
52 49+ 03 149 + 0.3 3.04+0.13 96
53 24408 I81.5+ 17.0 8.10 + 0.47 609
54 2154+ 04 1285+ 6.0 5.98 +£0.17 357
85 5.2+ 04 220+20 4.23 + 0.06 113
S6 26.1 + 0.6 155.0 £+ 16.0 5.92 £+ 0.48 653
S7 185+ 1.1 208.0 - 16.0 11.24 + 0.20 931
58 18.6 + 4.0 119.0 + 35.0 6.39 + 0.51 548
S9 204 £+ 0.3 159.5 + 10.0 7.82 4+ 0.38 609
S10 404 + 0.3 2210 £23.0 547 £ 0.53 1001
St 229 + 1.1 2425 +90 8.59 + 0.09 914
512 314405 300.7 + 12,0 9.58 +£0.23 1262

Error terms appearing in the table are analytical standurd deviations unless % is indicated.
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where 8y and 8 arc unknown constants representing the intereept and the slope of
the line, respectively; D and C are, respectively, variables for gamma dose and
concentration of uranium-238 or thorium-232: and ¢ is 2 random error component.

The lincarity between U-238 and/or Th-232 content in soil and the TGR dose arc
shown in Figs. 2 and 3, respectively (sce R and R values given). Accordingly, simple
lincar models have been derived relating TGR dose with U-238 und Th-232
concentrations in soil as given in Eqs. (3) and (4), respectively.

D=30.39 X CU
D=4.04 X G]‘h

where D is the TGR dose and €y, and Cry, respectively, represent concentrations of
uranium-238 and thorium-232.

Since the detection of gammua-rays from other sources such as cosmic rays is
negligible due to the nature of the detector used in our survey, Egs. (3) and (4) could
possibly be used to estimate uranium and thorium activity in surface soil directly

from meusuring the TGR dose.
3.2. Concentrations of U-238 and Th-232 in pant materialy

Truces of U-238 and Th-232 are known to transfer [rom soil to plant materials

mainly through root uptake and wind crosion. The purposc of obtaining U-238 and

1400
] |

R=083+0.02
R?=0.69 + 0.03

oy
[=]
(=]
o

Error bars for uranium in soil and
gamma ray dose

Gamma ray dose (nGyfh)

i

URANIUM DOSE

(=]

Mean value + 2 standard errors

2‘0 I SID i 4IU
Uranium content in soil (mg/kg)

Fig. 2. Relutionship between uranium content in soil and gammau-ray dose. Error bar plots for uranium
and gamma-ray dose are shown in the figure (lower right corner).
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R =0.972 £ 0.003
R2 = 0.945 £(L055

Trvor lars for tharium in soil and
gamma ray dase

1

THORIUM  DOSE

Gamma ray dose (nGy/h)

T

4 Mean value + 2 standard errors

1[IlO ‘ 200 ‘ SE}O
Thorium content in soil {(mg/kg)

Fig. 3. Relationship between thorium content in soil and gammi-riy dose. Error bar plots for thorium and
gamma-riy dose ure shown in the figure (lower right corner).

Th-232 in vegetation materials was to obscrve their effcct on the food sources of the
arca. Tables 3 and 4 show uranium-238 and thorium-232 content in grass and oil-
palm fruit samples, respectively. '

Concentrations of U-238 and Th-232 in soil, grass and moss samples collected [rom
same sites are shown in Table 5 for comparison. Dried general grasses labeled “gv”
show relatively low uranium-238 content ranged [rom 0.001 mg kg~' to
0.035 mg kg~', and a porous fern-type vegetation known locally as paku pakcis and

Table 3
Concentration of uranium and thorium in grass samples (dry weight)

Grass sample Elemental concentration in mg ke Thto U ratio  TGR dose rate
U Th at the sumpling
point + 10% (nGyh™")

Gl 0.003 + 0.001 0.017 £ 0.003 5.67 + 043 1340
G2 0.026 £ 0.003 0.131 £+ 0.004 5.04 £ 0.43 1340
G3 0.035 + 0.004 0.155 4 0.003 443 4 041 1001
G4 0.076 + 0.004 0.343 + 0.003 451 +0.16 1001
G5 0.002 + 0.001 0.008 + 0.003 4.00 + 1.44 653
Go 0.010 + 0.003 0.047 + 0.005 4.70 £ 0.91 374
G7 0.005 £ 0.003 0.024 4 0.003 4.80 +2.28 105
G8 0.001 + 0.001 0.011 & 0.001 1.38 + 048 I3

Error terms appearing in the table are analytical standard deviations unless % is indicated.
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Tuble 4

Concentration of uranium and thorium in oil-palm fruit samples (dry weight)

Th to U ratic  TGR dose rate at
the sampling

Oil palm sample  Clemental concentration in mg kp™!

B Th point + 10% Gy h™")
orl 0.031 4+ 0.002 0.023 -+ (.003 0.74 + 0.05 653
oP2 0.005 -+ 0.003 0.011 4 0.002 2.22 4+ 0.91] 931
oPr3 (.007 £+ 0.002 001 4+ 0.001 1.57 4+ 0.33 70

Error terms appeiring in the table are analytical standiard deviations unless % is indicated.

labcled “pp” shows uranium-238 content in the range of 0.005mgkg "

0.076 mg kg ~'. Thorium-232 content in dried grass samples varied from 0.011 mg kg ™!
to 0.046 mg kg ™", Figs. 4 and 5, respectively, depict comparison between U-238 and
Th-232 content in dricd grass samples with respect to U-238 and Th-232 content
in soil.

From Table 6, uranium-238 activity in dried grass samples ranged [rom
below the minimum detection limit to 0.912 Bqkg™' (0.025pCig™") (average
value = 0.244 Bq kg™'), and thorium-232 activity ranged from 0.032 Bg kg™
(0,009 pCig™") to 1.372Bqkg ' (0.037 pCig™") (average value = 0.379 Bq kp Y,
For lealy vegetables, reference values of 0.02 and 0.015 Bq kg™, respectively, for U-
238 and Th-232, have been reported by UNSCEAR (2000). Reference value given by
UNSCEAR indicates the world averuge. Therelore, the estimated average uranium
activity in fresh grass (0.061 Bq kg™") is about 3 times the reference values and the
estimated average thorium activity in fresh grass (0.095 Bq kg™") is about 6 times the
reference value. At this level of concentrations, significant contamination ol meat
and milk products from the grazing animals is not expected. Nevertheless, it is
a tood idea to carry out further investigations to determine the actual level of
contamination.

Although no statistically meaning(ul relationship could be deduced from the only
three oil-palm [ruit samples analyzed, they did indicate that the level of uranium and
thorium in oil palms [ruit from the urca is not health wise significant.

Uranium-238 content in oil-palm [ruit dried samples varies from 0.005 mg kg™
to 0.031 mgkg™' with activity concentration ranging from 0.06 Bqkg™' to
0.37 Bqke™'. Thorium-232 content varies from 0.011 mgkg™' to 0.023 mgkg™’
with activity concentration ranging from 0.044 Bqkg™ to 0.092 Bqkg™'. UN-
SCEAR (2000) has reported reference values of 0.003 (with the range of 0.0004-2.90)
Bqkg~' and 0.0005 (with the range of 0.00008-0.0071) Bqkg™' for U-238 and Th-
232, respectively, for root vegetables and fruits.

From the average activity of U-238 (0.177 Bq kg™") in the dried processed sample,
activity in the [resh oil-palm fruit was estimated to be ~0.04 Bq kg™". This value is
~ 12 times higher than the above reference value for U-238. From the average Th-
232 activity (0.06 Bqkg™") in the dried processed sample, activity in the fresh oil-
palm fruit was estimated to be around 0.015 Bq kg™'. This value is about 30 times
higher than the above reference value for Th-232. These higher values should be
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Fig. 4. Comparison between uranium content in soil and uranium content in griss.

expected given the higher level of U-238 and Th-232 in the soil concerned. They
should not cause alurm, as they are far below the annual limit of intake (ALI) for
members of public. More than a few 10° kg of oil-palm fruits would be nceded to
reach the relevant ALI values for an individual member of public.

3.3. U-238 and Th-232 concentrations in weater sources

Concentrations of U-238 and Th-232 in cight water samples collected [rom
different water sources in the study arca are given in Table 7.

The content of U-238 in water samples from rivers and streams varies between
0.325 pg L' and 0.977 ug L™". Tts concentration was found to be 0.671 pg L™" and
1.395 pg L™! for ground and fishpond water, respectively. The concentration of Th-
232 was below the detection limit in ground water and in one sample of river water.
Its concentration varies between 0.189 pg L' and 0.478 pg L™ in the remaining
samples of river and stream water, and was 0.661 pg L~ in the fishpond water.

It was observed that U-238 and Th-232 content in fishpond water (1.395 g o
and 0.661 pg L™', respectively) was ~2 times the average U-238 concentration
(0.597 pg LY as well as Th-232 concentration (0.34 pg L™"). These excess concen-
trations in fishpond water might be due to the fact that the water was stagnant
allowing deposition and accumulation of elements washed down from soil and rocks.

The specific activitics of U-238 in water samples were found to be ranging from
4.02 mBqL™' to 16.8 mBq L™". Th-232 activitics ranged from below the detection
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Mean value 2 standard errors

Tharium in grass

Thorium content In grass (mg/kg)

T T T

100 200 3[I]D 400
Thorium content in sail (mg/kg)

IFig. 5. Comparison between thorium content in soil and thorium content in grass. Error bar plot for
thorium in grass is shown in the figure (top left corner).

limit to 2.64 mBqL™'. These values arc higher than the relerence values of
I mBqkg™' for **U and 0.05 mBq kg ™' for Th-232 given by UNSCEAR (2000). It
can be concluded that water sources in Palong arca are affected by the higher
uranium and thorium levels from the surroundings, but the levels involved were
much less than the maximum permitted levels recommended by the US
Environmental Protection Agency (EPA) as reported by Holbert et al. (1995). For
uranium in drinking water, the permitted radioactivity level recommended was

1.1 BqL™" (1100 mBq L™h.

3.4. Absorption of U-238 and Th-232 by moss

Moss or bryophyte is a nonvascular plant. The concentrations of U-238 and Th-
232 were determined in three samples of moss collected from three different sampling
sites (Table 8). Suitable amount of moss was difficult to find. The concentrations in
moss were compared with the U-238 and Th-232 concentration in soil, grass and oil-
palm fruit. The results from the three samples indicated that U-238 and Th-232
concentrations in moss vary almost proportionally with TGR doses.

The average U-238 content in dried moss samples (0.445 mgkg™') is about 17
times the average U-238 content in dried grass samples (0.026 mg kg™") and about 31
times the average in dried oil-palm fruit samples (0.014 mg kg™"). And the average
Th-232 content in dried moss samples (2.36 mg kg™") is about 23 times the average




AT Ramdi of al. | J. Environ. Radiouctivity 80 (2003) 287-304

Table 6

Activity concentrations of uranium and thorium in soil, prass, oil palm, moss and waler saumples

Uranium ictivity ‘Thorium activily

Soil samples (By kg"') (Bq kg")

Sl 120.0 -+ 6.0 3804 £ 12.0
s2 588436 59.6 4 1.2
S3 268.8 + 9.0 726.0 + 68.0
54 258.0 + 4.8 514.0 4+ 24.0
85 624+ 48 88.0 - 8.0
S6 3132472 G20 + 64

S7 2220 4 13.2 832 464

S8 + 48.0 476 + 140
59 244.8 4+ 3.6 G40 -+ 40
S10 484.8 + 3.0 884 + 92
511 2748 £ 13.2 970 + 36
512 376.8 + 6.0 1204 + 44
Grass sumples (Bgke ™) (Bgkg™")

Gl 0.036 +0.012 0.068 +0.012
G2 0.312 +£0.036 0.524 £ 0.016
G3 0.420 +0.048 0.620 + 0.012
G4 0,912 +0.048 1,372 £ 0.012
G5 0.024 +0.012 0.032 1+ 0.012
Gh 0.120 £0.030 0.188 4 0.020
G7 0.060 40.0306 0.096 4- 0.012
G8 <(.001 0.132 £+ 0.004

Oil palm sumples (Byke ™" . (Bqkg™")

ori 0.372 + (1L.024 0.092 + 0.012
or2 0.0060 & 11.0306 0.044 4 0.008
or3 0.084 4 0.024 0.044 + 0.004

Moss sumples (Byke™) Bgke™)
MI 6.96 + 0.12 14.0 + 1.2
M2 7.08 +0.12 16+ 1.2
M3 1.44 4 0.24 28412

Water sumples (mBg kg™ (mBgkg™)
Wi 8.04 + 2.40 <0.048

w2 4,02 + 0.12 1.24 + 0.04
W3 11.76 £ 1.08 <(.048

w4 16.80 + 0.48 2.64 + 0.88
W5 7.08 4 0.36 1.72 4+ 0.04
Wo 6.48 +0.84 1.16 4+ 0.20
w7 390+ 0.12 0.76 + 0.48
w8 8.88 +0.36 1.92 4 0.08

Error terms appearing in the table are analytical standard deviations unless % is indicated.

Th-232 content in dricd grass samples (0.104 mg kg™"), and about 157 times the
average in dried oil-palm [ruit samples (0.015 mg kg™"). Uranium-238 activity in
moss samples varies from 1.44 Bqkg™' to 7.68 Bq kg™!, and thorium-232 activity
varies from 2.8 Bqgkg™' to 14.0 Bqkg™'. These values indicated that moss is
a significant absorber of uranium and thorium compared to grass and the oil palms.
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Table 7

Concentration of uranium and thorium in water samples

Water source Water  Elemental concentration in pg L ' Thto TGR dose rate
sample Th U ratio at the sampling
point £ 100 WGy h ')

Ground water W 0.67 + 0.20 <012 - 827
Palong River W2 (.34 + 0.0] 0.31 + 0.0 0.91 4 0.01 24960
Palong River W3 0.98 + 0.09 <{L012 9]
Fishpond w4 1.40 4 0.04 0.66 + 0.22 (.47 - 0.14 (D]
Bado River W5 0.59 +0.03 043 +0.01 0.73 4+ 002 357
Stream Wao 0.54 + 0.07 0.29 + (.05 0.54 4+ 0.06 1001
Palong River W7 0.33 £ 0.01 0.19 -+ 0.0l (.58 4+ 0.0 287
Stream W8 0.74 +0.03 0.48 + 0.02 0.64 4 .01 957

Lrror terms appearing in the table are analytical standard deviations unless % is indicited.

Many authors including Say and Whitton (1983), Mouvet (1984), Tremolicres
ct al. (1994) and Nelson (1996) have reported that bryophytes arc superior in
locating metal sources in intermittent and groundwater because of their capability to
integrate metal concentrations allowing for casicr detection, Therelore, moss tissue
analysis could play significant role in locating sources of uranium and thorium
contamination or in monitoring uranium and thorium based pollutants in the
environment,

4. Conclusions

From the ground gamma-ray survey conducted in the study area, elevated TGR
dose rates were found, particularly in Balai Badang village where the highest TGR
dose recorded was 1440 & 100 nGy h~" (160 pR h™"). Some arcas with significant
population have doses higher than 1000 nGyh™'. According to the UNSCEAR
(2000) formulation and based on tropical rural settings, an individual in the village
could be expected to receive an annual average dose due to TGR of 3.1 mSv yr~ !, At
the location of the highest dose, which is populated. the annual dose due to TGR
would be 8.8 mSv yr~'. This is not an insignificant amount of radiation dose; it is
equivalent to 44 times of a typical dose received from a chest X-ray examination.
Based on the quantity of dose received and the number of people involved, it is

Table 8

Concentration of uranium and thorium in moss samples (dry weight)

1 Th to U rutio TGR dose

U Th I';llf: at the sampling .
point £+ [0% (nGyh™")

Mass sample Elemental concentration in mgkp~

Ml 0.58 £ 0.01 3503 6.14 £ .42 10061
M2 0.64 + 0.01 29403 4.53 £ 0.40 374
M3 0.12 +0.02 0.7+03 5.57 £ 1.57 104

Error terms appearing in the table are analytical standard deviations unless % is indicuted.
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important that a thorough biological impact assessment study could be carried out
to ascertain the clleet of relatively high TGR doses on the villagers. The suggested
study is beyond the ability of the current rescarches.

Uranium and thorium were found to be the main causc of the high radioactivity
of the area. The specific activity of uranium in soil was estimated to be in the range
from 58.8 Bq kg ' to 484.8 Bqkg | and the thorium activity in the range [rom
59.6 Bq ke ' to 1204 Bq kg ' Significant lincar rclationships between TGR doscs
and uranium and/or thorium content in soil have been obscrved.

Plant materials and water sources of the arca arc affected by the terrestrial
radioactivity, but they were far below the permitted levels. Therefore, agricultural
products from the arca, especially the cconomically important oil-palm fruits, are
sale for consumption.
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BAB S

RUMUSAN UMUM.
Kedua-dua objektif kajian telah berjaya dicapai.

a) Bentuk hubungan kestatistikan di antara jenis tanah, latarbelakang geologi
dan aras kadar dos sinar gama daratan telah berjaya diperihalkan

sebagaimana yang dibentangkan dalam Bab 2 dan Bab 3.

Hubungan yang telah diperolehi di atas telah digunakan dalam
penyelidikan seterusnya (Ramli et al, 2003, Ramli et al, 2005). Konsep
vang telah dikemukakan dalam penyelidikan iﬁi seterusnya sedang
. dimanfaatkan dalam penyelidikan kontrak dengan pihak Lembaga
Perlesenan Tenaga Atom, bertajuk “Risiko Kesihatan Penduduk
Persekitaran Kilang Amang di Lembah Kinta.” Janya dikendalikan

dibawah Vot. 68876 melalui Pusat Pengurusan Penyelidikan, RMC.

b. Tahap hazard radiologi di kawasan Palong dari segi fizik kesihatan di

dapati secara keseluruhannya berada pada tahap vang rendah dan hasil



pertaniannya tidak menjadi ancaman kepada kesihatan secara umumnya,

sebagaimana yang dibentangkan dalam Bab 4.

Walaubagaimana pun terdapat lokasi di mana dos sinaran kepada
penduduk agak tinggi, iaitu setinggi 8.8 mSv setahun. Sebagaimana yang

dicadangkan dibawah, penyiasatan lanjut perlu dilakukan di sini.

Disamping kertas kerja yang dikemukakan dalam Bab 2, 3 dan 4, penyelidikan ini
juga telah dimanfaatkan untuk menghasil 1 tesis M.Sc (Hussein, 1999) dan 2

Laporan Projek Sarjana Muda (Syafizal b. Said, 2000, dan Khairunnadim Ahmad

Sekak, 1998).

CADANGAN.

Sebagaimana yang di kemukakan dalam Bab 4, ada terdapat lokasi di kawasan
kajian yang dos sinaran semula jadinya bernilai 8.8 mSyv setahun. Nilai ini agak
tinggi berbanding dengan nilai biasa di Semenanjung Malaysia, iaitu pada sekitar

1 sehingga 2 mSv setahun.

Berdasarkan kepada kuantiti dos sinaran yang diterima dan jumlah penduduk

yang terlibat adalah mustahak penilaian impak biologi yang teliti dilakukan



dengan menyeluruh untuk menentukan kesan dos sinaran yang secara relatifnya
agak tinggi ini. Kajian seterusnya ini perlu melibatkan pakar perubatan. Jenis dan
sifat penyiasatan yang perlu dilakukan seterusnya adalah di luar dari skop dan

kemampuan (termasuk dari segi kemudahan dan peralatan) yang ada pada

penyelidik projek ini.
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contour map of Pontian. Relationships between the gamma radiation dose levels measured at various
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Introduction

Interests in natural background radiation include:

I. A need Lo establish reference levels, from which
relative radiological hazards due to future possible
releases of radioactive material might be evaluated
(Frenzel, 1993).

2. A need to establish pre-operational radiation
levels at planned sites of radiation facilities. This is a
legal requirement in many countries.

3. A need to identify areas with high natural
radiation (Roser and Cullen, 1964; Erickson er al.,
1993), and evaluate potential excess cancer risks
(Eisenbud et al., 1964).

4. Utility of natural radiation dose surveys in
mineral prospecting, especially for uranium.

The current study examines relationships between
background radiation dose, soil type and underlying
geological formations (Roser ez al., 1964; Wollenberg
et al., 1994; Quindos et al., 1994; Ibrahim et af., 1993)
in Pontian, a district in Peninsular Malaysia.
Particular focus is upon environmental terrestrial
gamma radiation doses.

Pontian is located between latitudes 1°16” and 1°46
North and longitudes 103°11’ and 103°35" East, and
also represents the southernmost tip of mainland
Asia. With an area of 919 km? and a population of
about 139,000 the main land utilisation is for
agriculture.

From the geological point of view Pontian district
is young and simple, being mostly quartenary, with

407

one exception being a small section towards the
middle of its eastern border known as Triassic. The
quartenary parl, formed in the main, by recent (less
than 2 million years ago) alluvium, can be divided
into two areas representing: (i) marine clay and silt
which are to be found mostly on the coastal pldin;
and (i) peat, humic clay and silt, which are to be
found in the more interior parts of the district
(Fig. 1).

The Pontian district is overlaid by four main types
of alluvial soils:

1. A clayey mixed isohyperthermic member of
Typic Sulfaquent, classified by FAO/UNESCO
(Paramanathan, 1978) as Thionic Fluvisol, and
locally referred to as Kranji. Kranji is found on the
coastal plain, in mostly tidal swamps covered by
mangrove.

2. A clayey mixed acid isohyperthermic member of
Typic (Sulfic) Tropaquept, classified by FAO/UN-
ESCO as Dystric Gleysols and Thionic Fluvisol, and
locally referred to as Selangor-kangkong. Selangor-
kangkong is yet another type of soil found on the
coastal plains, being less watery than Kranji.

3. Organic clay.

4. Peat. This organic soil is found in areas where
drainage is poor with the consequence that its water
content is high.

A number of smaller areas in the middle part of the
eastern border are covered by various other types of
alluvial and sedentary soils (Fig. 2).
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Athod and Detectors Used

By aligning the sampling-points grid along the
latitudinal and longitudinal lines, the district was
divided into squares of ~ 1.85km x 1.85km
(1’ x 1). Dose measurements were made at each
crossing point of the grid. As far as possible dose
measurements were made away from sites of human
development such as roads, building and foundation

soils.

The main detector used in this study was a
gamma-ray detector manufactured by Ludlum of the
U.S.A., model 19, Micro R Meter. This instrument,
which responds to gamma radiation (with inapprecia-
ble f particle response), consists of a 1 x 1"
(2.54 x 2.54 cm) Nal crystal doped with thallium
[Nal(T1)] as the gamma detector. A valid manufac-
turer’s certified calibration was available for this

instrument.
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Fig. 1. Terrestrial natural gamma radiation dose distribution and geological background of the Pontian
district, Malaysia. From the main detector in p#R h-='. 1 uR ~ 8.7 nGy.
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Fig. 2. Terrestrial natural gamma radiation dose distribution and soil types of the Pontian district,
Malaysia. Results from the main detector in pR h='. | uR ~ 8.7 nGy.

The approximately flat energy response of the
detector to gamma radiation of energies between
40 keV to 1.2 MeV, was considered to be acceptable
as this covers the majority of the significant y
emissions from major sources of natural gamma
radiation (Table ). The low response of the
instrument to high energy gamma radiation implies
that contributions from cosmic sources are negligible.
Thus, for instance, measurements performed directly

above a river, at points with depths > 5 m registered
readings of the order of 1 guR/h ( ~ 9 nGy h~"), this
being the smallest scale division for this particular
instrument. At such levels, readings are within
instrument fluctuations. The uncertainties of readings
observed on the maximum sensitivity scale of the
instrument are to the order of 10%.

A sccond instrument, sensitive to gamma, beta and
alpha radiations, and manufactured by Ludlum of
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the U.S.A., Model 3, was used for purposes of
comparison. This instrument utilises a Geiger-Muller
tube as the radiation dectector. Readings are
represented in terms of counts per second (cps)
with | cps ~ 18 uR ( ~ 160 nGy)/h. Uncertainty in
reading was of the order of 30% at maximum
sensitivity (using manufacturer's calibration). In
general the readings from the two instruments were
comparable, except on occasions when gamma
readings from the main instrument were either very
low or relatively high. In these situations the second
detector provided higher readings whenever readings
from the primary detector were very low, and gave
much lower readings whenever readings from the
main detector were relatively high. These discrepan-
cies can be attributed to the differing penetrating
power of beta and gamma radiation.

Results and Discussion

Iso gamma dose-rate contour lines constructed
from measurements using the main detector are
presented graphically in Figs 1 and 2, whilst Fig. 3
provides counterpart measurements of gamma +
beta radiation count rate.

From Fig. 2 it can be observed that gamma doses
are lower in quarternary areas than in other
geological areas. Gamma doses were lowest in
quartenary areas formed from peat, humic clay and
silt, achieving values which were below 2 yR h-'
(20 nGy h~"). Significant differences in gamma doses
due to Kranji when compared to other soil types
could be clearly seen around Sungai (i.e. river)
Pulai. The gamma dose here was 6 +2 yR h~'
(50 + 20 nGy h~'"). In other Kranji areas such doses
were not measured with the exception of reclaimed
tidal swamps along the coast which had been drained
and protected by embankments to prevent ingress of
tidal water. As a result of the very much reduced
water content it was quite difficult to distinguish
between Kranji and Selangor-Kangkong soils,
gamma dose rates for both being within the range
1343 4R h™" (120 + 30 nGy h~'). Gamma dose

levels for areas covered by organic clay, generally
being in locations between Selangor-kangkong
and peat areas, were between those due to
Selangor-kangkong and peat soils, at 6-12 uR h-!
(50-110 nGy h~").

In a small quartenary area with associated gravel,
and situated to the East of the town of Pekan Nenas,
gamma dose-rates were found to be relatively high, at
up to 30 uR h=' (270 nGy h~").

Also of geological significance is the mainly acidic
Triassic area located around the vicinity of Pekan
Nenas. Gamma doses here were measured as
1443 uR h~' (130 + 30 nGy h~"), being gencrally
higher than that measured in quartenary areas. A
peat covered area of relatively high gamma dose [up
to 26 uR h~' (230 nGy h~")] was located to the
North of Pekan Nenas. Here gamma-ray contri-
butions from the deeper geological structure domi-
nated the thin peat soil contributions to dose-rate.

Natural terrestrial gamma dose-rates in peat area
are very low. Values are dependent upon the
thickness and purity of the peat soil. In areas where
the peat is thick and pure, the gamma dose measured
can be as low as 1 pR h=' (9 nGy h~") but are
generally closer to 2+ 1 uR h=' (20 4+ 10 nGy h ).
In areas where the peat soils are thin and mixed with
clay gamma dose rates have been found to be within
the range of 4-8 uR h~' (40-70 nGy h~").

Conclusion and Possible Further Work

A close relationship between soil types, underlying
geology and the distribution of natural background
gamma radiation dose has been established in this
study. As such it might be possible to make
reasonable and informed estimates of background
gamma radiation dose for other areas based upon the
soil type and geological information already avail-
able.

Quartenary areas are the product of recent
sedimentation. Sedimentation has exposed geological
material to oxidation processes that have trans-
formed uranium compounds into more mobile forms

Table 1. Main gamma energies from natural radioactivity sources. %, refers 1o intensity as % of disintegration, with reference to U-238
and Th-232 series respectively (Beck, 1979)

Radionuclide Energy (keV) % Radionudide Energy (keV) %
Thorium-232 series Uranium-238 series

Bi-212 727.2 7.0 Th-234 92.6 5.6
Pb-212 74.8 10.7 Pb-214 77.1 10.7
77.1 19.0 2419 1.3
T1-208 510.7 9.0 295.2 18.7
583.1 30.0 3520 36.6
2614.7 36.0 Bi-214 609.4 45.0
Th-228 12.3 9.6 768.4 5.0
Ac-228 338.5 12.3 1120.4 15.2
9i1.1 29.0 1238.2 59
964.6 5.5 1764.7 15.4

966.0 23.0
068.9 17.5 Uranjium-235 185.7 54.0
205.3 47.0

Potassium-40 1460.8 10.7
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Fig. 3. Gamma and beta dose distribution and geological background. Pontian district, Malaysia. In
counts per second (cps). From the second detector: 1 cps ~ 157 nGy h~".

that are more amenable to transportation through
aqueous means and which can lower the uranium
content of an area. Reduction of uranium and
thorium content is even more significant’ whenever
geological sedimentation process involves organic
materials, a situation that possibly represents the
Pontian district.

The average value of natural terrestrial gamma
dose in Pontian district has been estimated to be
7.7 uR (~ 67 nGy) h~". This value is comparable

to the world average of 30-70nGyh~' or
88 nGy h~' (Vaupatic er al., 1994; United Nations,
1977). Using the conversion factor of 0.7 Sv/Gy
(UNSCEAR, 1988) the average dose of such
terrestrial natural gamma dose that an individual
staying outdoors might be expected to receive was
estimated to be 422 uSv per year. The low radiation
areas ~ | uR ( ~ 9 nGy) h~'that were found in this
district could be suitable sites for environmental
radiation contamination monitoring.
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