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Abstract: Results are presented from a programme of environmental radiation surveys at a green-field
site, the surveys being conducted prior to construction of a minerals processing facility. The surveys
entailed in-situ radiological measurements and sampling of various media (air, soil, flora and water).
Concentrations obtained using standard sampling and analytical procedures are listed for gamma-
emitting radionuclides, gross-a and gross-p emissions and instrumental neutron activation analyses
(INAA) for U and Th. Concentrations of radium in flora have been found to be relatively high.

1. Introduction

Prior to the construction of a minerals processing facility on a green-field site (located some 60 km
SSE of Kuala Lumpur) the Malaysian Atomic Energy Licensing Board (AELB) required that the op-
erator of the proposed-facility undertake a baseline study of prevailing radiation levels. The study
comprised of six individual radiological surveys, each survey being of one-months' duration. The
whole exercise was undertaken over a continuous period of six months. For samples of air and other
media, including soil, water and flora, the applicant was required to report results of gross-a and gross-
P analyses, gamma spectrometry for the radionuclides 226Ra, 228Ac, 40K, and INAA for U and Th. In
situ measurements of gamma dose-rate were conducted using hand-held dose-rate meters, the values
being confirmed through use of LiF TLDs (each being exposed for a thirty-day period). Rn and
220Rn progeny levels were also measured, the sampling being conducted in mid-morning periods. The
exercise presented an opportunity to add to an existing but somewhat sparse map of the natural radia-
tion environment of the country.

2. Methodology

Sampling stations were specified by the AELB, based upon factors which included wind-rose data, the
location of ground-water and surface-water, planned utilisation of surrounding land and the location of
bordering residential areas. Data were obtained from sampling stations in three zones, these being: (i)
stations within the boundaries of the proposed site; (ii) at a distance of lkm from the proposed site,
and; (iii) at a distance of 5 km from the proposed site. The area is typified by a sandy but stony top soil,
overlaying a generally granitic base; areas of secondary layered rock are also known to exist in the
area.

For air sampling, use was made of a High Volume Air Sampler, HVAS, (Control Engineering Serv-
ices, Sierra, USA), operating at a pumping rate of 70 m3 h"1 over a period of 24 h, providing 1680 m3

of sampled air at each specified sampling station. The HVAS was used in conjunction with low-
background fibreglass air filters of dimension 18 cm x 23 cm. Counts obtained from typical blank fil-
ters were subtracted from sample gross counts. Gamma spectrometry was conducted using an Oxford
HPGe (30% relative efficiency), while for gross-a and gross-p analyses use was made of an Oxford
Low Background system (LB 5500). The gamma spectrometry and gross-a and gross-P systems used
in these analyses belong to an ISO/IEC Guide 25 accredited laboratory. For INAA use was made of a
TRIGA Mk. 2 research reactor and counting facilities situated at the Malaysian Institute for Nuclear
Technology and Research (MINT). Note that for analysis of 226Ra the 226Ra y-emission at 186.2 keV
was used. With no correction being made for the contribution due to 235U at 185.7 keV the reported
concentrations represent an overestimate. For soil the magnitude of this overestimate is expected to be
close to an order of two (1) (with secular equilibrium being expected for an undisturbed environment).
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3. Results

Summary results are reported for samples of Figure 1.
air, flora (fresh weight), soil (dry weight) and
water (from 7 litre samples), as well as in
situ measurements of radon progeny, thoron
progeny (both of the latter using a modified
Kusnetz method) and gamma dose rates. All
reported values are from the two zones sur-
rounding the site of the proposed mineral
processing facility. For analysis of air, flora
and water, a significant fraction of the data
were found to be below the limits of detec-
tion (i.e. ND or Non Detectable). Positively-
skewed frequency distributions have been
observed for many of the radiological pa-
rameters.

For U and Th in air use was made of INAA; figure 1 shows summary results for U. In the case of U,
Figure 2.
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°Ra (3.8 10"2 to 0.85 Bq m"3); 228

66% of the samples (23 out of a total of 35
samples) reported detectable levels, the
geometric mean of the gross concentrations
corresponding to approximately
11 uBq m"3. The background obtained from
fresh (blank) fibreglass filters accounted for
in excess of 70% of gross counts. The re-
sulting net concentration of U in air was
found to be 3.0 uBq m"3. For Th, 57% of
measured samples gave rise to detectable
levels, yielding a net concentration in air of
3.6 uBq m~3; 30% of the gross counts were
due to background. For 226Ra, 228Ac and
40K, all measurements in air were ND;
Minimum Detectable Concentrations

toAc ( 6.9 10"2 to 0.19 Bq in 3 ) ; 40K (1.4 10"2

Figure 3.
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0.98 Bq m"3). In each case net gross-a and gross-(3 levels in air were found to be of the order of 40 uBq
m"3; blanks indicated background to be some 50% of gross counts.

Table 1 provides a summary of results for
water, flora and soil. In the order in which
they are presented the results included in
this table pertain to: (i) detectable concen-
trations, often being indicative of a highly
limited number of samples (other samples
containing non-detectable concentrations).
The cited values are either a geometric or
arithmetic mean, depending upon the form
of the distribution; (ii) the percentage of
samples providing detectable levels (for
soil this was 100% so that this information
has been replaced by the range of observed
data) and; (iii) typical MDC's. For the
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methods used herein some of the measured parameters were observed to be close to detection limits, a
situation which has been discussed by Benes (2).The detection limits obtained using present facilities
and procedures are comparable with the published performance figures of others(3). Figure 2 provides a
summary of in situ measurements of the progeny of 222Rn (in Working Levels) while Figure 3 shows
the TLD evaluation of dose-rate (in mSv per month).

Table 1. Activity concentrations in water, flora and soil

Cone, in
water

Cone, in
flora
(Bq/kg)
Cone, in
soil
(Bq/kg)

238U

~7mBq/l
30%
6mBq/l
0.30
78%
0.12
40
20 - 200
6

32Th
~2mBq/l
30%
2mBq/l
N D

0.4
70
55-95
2

M 6 Ra
ND

O.lBq/1

6
2 1 %
3 - 1 0
140
70-210
10

228Ac

~ 0.2Bq/l
11%
0.1Bq/l
14
67%
10

80
51-200
10

4o K

ND

O.lBq/1
200
79%
74
300
210 - 500
20

214Bi
0.2Bq/l
47%
0.1 Bq/1
5
50%
2.5-5.5
60

36-55
35

Gross-oc
lBq/1
31%
0.06 Bq/1
1
100%
0.11-0.16
200
60 - 350
2.2 - 6.4

Gross-P
l-2Bq/l
39%
0.1 Bq/1
100
100%
0.10-0.17
400
210-500
2.4 - 6.9

4. Discussion and conclusions

A considerable variation in the concentrations of activity have been observed for many of the moni-
tored parameters, this possibly reflecting variation in the character of the underlying rock, viz. granitic
or secondary formations. For a significant fraction of flora samples concentrations of both radium and
radium progeny have been found to be rather high, comparison being made with values reported in
general background areas elsewhere (4). The flora results were reproducible to within measurement un-
certainties; additional support being obtained from measurement of a single large sample made up
from several individual high value aliquots of ashed flora. Soil values are indicative of a typical gen-
eral background (4>5), although there are again some samples whose values appear to be on the high
side. Comparison of 226Ra and 214Bi values for soil indicate an expected order of two overestimate in

99r»

the Ra, as mentioned previously.
Values for U and Th in air appear high when compared with reported normal values (6) (of the order of
1.2 uBq m"3 for both U and Th). Underlying granitic material may lend some support to the observa-
tion of this and other apparently elevated levels. Further investigations of the flora of this region are
indicated, in particular in attempting to seek confirmation of the observed concentration ratios between
flora and soil.
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