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ARTICLE INFO ABSTRACT
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The concentrations of radon, thoron and terrestrial gamma radiation were measured to evaluate the outdoor
effective dose. The outdoor radon activity concentration ranged from 5.79 to 5110 + 46.36 Bq m™>, with a mean
of 320.03 Bq m~> which is higher than the EPA level of 14.8 Bq m~°. The range of the thoron activity con-
centration outdoor was from 0.00 to 4226.7 + 58.5 Bq m~3, with a mean of 226.1 Bq m~2 which was above the
UNSCEAR recommended level of 10 Bq m 2. The terrestrial gamma radiation dose rates range was from 98.31 to
3769.71 nGy h™! with a mean of 446.27 nGy h™L. The effective dose contribution from radon exposures in the
study was estimated to be 3.2 + 0.5 mSv y ! is about 84% total annual effective dose received by the population
in those areas. The estimated thoron and gamma dose contributions (15%, and 1% respectively) were not sig-
nificant. The outdoor doses for thoron and gamma were lower than the ICRP (2007) value of 1 mSv. The total
annual outdoor effective dose with an occupancy factor of 1825 h (5 h day ') was estimated to be within the
range of 0.30-551.41 + 0.65 mSv, with a mean of 3.75 mSv which is a little higher than the world average of 2.4
mSv.

Outdoor air
Radiation
Dose rate

1. Introduction concentrations. Because, 22?Rn and 22°Rn are from different radioactive
decay chains, their ratio or that of their decay products depends on the
ratio of 238U and 232Th in rocks and soils of a location (UN SCEAR, 2000).

The determination of the outdoor concentration of 2?°Rn, ?2°Rn, and

Exposure of human beings to ionizing radiation from natural sources
is a continuing and inescapable feature of life on earth. In daily living,

people are exposed to naturally occurring radon gas present in the at-
mosphere. The most common isotopes of radon are radon (?*?Rn) and
thoron(*2°Rn). Both are colorless, odorless, chemically inert, radioactive
gases that are found at varying concentrations in outdoor air (UNSCEAR,
2006). 222Rn is a product of Ra-226 (radium) in the Uranium (238U)
decay series. The abundances of the natural occurrence of 238U in rocks
and soils cause different 2>?Rn radioactivity levels in the air. The 22?Rn
concentrations in the air are measured in the number of radioactive
decays per second per cubic meter of air (Bq m™%) (Russell and Bradley,
2015). The latter isotope, 22°Rn is a daughter of Ra-228 from the
thorium (*2Th) decay series. 232Th also occurs naturally in the earth’s
crust, thus is responsible for ushering 22°Rn to the air in varying

their decay products in the lower layers of the atmosphere is not easy,
because of the influence of atmospheric factors (Place, time, height
above the ground, and meteorological conditions). The determination of
the outdoor concentration levels of 22Rn and 22°Rn also provides a
baseline for indoor levels respectively (UNSCEAR, 2006). Extensive
studies have been done on indoor 222Rn activity concentration and the
associated health risks (UNSCEAR, 2006). Meanwhile, data on 220Rpn
activity in the study area is scanty from literature, which could be
because of its short half-life (56s). However recent studies have shown
that 22°Rn can also be a potential health risk at 232Th rich locations, thus
making its determination important (UNSCEAR, 2006; Zunic et al.,
2009). Large volumes of air with a high concentration of ??Rn and
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220R releases into the outdoor atmosphere could cause high health risks
to the public, as they eventually enter indoors (Ramola et al., 2008;
UNSCEAR, 2000).

The world annual average of effective dose is estimated to be of the
order of 2.4 mSv out of which 1.1 mSv is from the inhalation of 22?Rn
and its decay daughters which are alpha emitters (Durrani and Ilic,
1997; UNSCEAR, 2006). Generally, the dose rate due to occupancy
outdoor is less compared to those indoor. Nevertheless, outdoor data are
equally important for the estimation of doses to humans, particularly in
a region with high naturally occurring radiation (UNSCEAR, 2006). Our
study location is to a great extent rich in both 2*U and 2*2Th which are
the parent radionuclides of both 222Rn and 22°Rn respectively. Thus,
because of the long half-life of the parent radionuclides, 222Rn and 22°Rn
would always be ushered into the atmosphere (Nursama et al., 2013). In
the study area, the measurement of 222Rn and 22°Rn in outdoor air is
limited.

The goal of our measurement is to determine the 222Rn and 2?°Rn
concentration in outdoor air, as well as the terrestrial gamma radiation
dose rate and estimate the corresponding doses received by inhabitants
and assess the significance of any health hazards. The results of this
study will benefit in establishing the database of outdoor radiation
exposure issues, especially to inhalation of 22Rn and 22°Rn in the study
area.

2. Materials and method
2.1. The study area and sampling

The study area is located between latitudes 3.50° to 5.35° North, and
longitudes 100.00° to 101.75° East, in Northern Peninsular Malaysia,
within an area of 21,006 km2 (Director of National Mapping, 1989;
Nursama et al., 2013). The area is located on the main granite range of
Peninsular Malaysia and is divided into four major geological contexts as
follows: Quaternary (Comprise of marine and continental deposits, such
as clay, silt, sand, peat with minor gravel and basalt of early Pleistocene
age) covering 24% of the study area; Triassic-Jurassic (Sedimentary
rocks of marine origin and form a wide belt. They entail shale,
mudstone, siltstone, sandstone, and minor limestone lenses. Interbeds of
tuff are common within this openly crumpled sequence) which covers
15% of the study area; Silurian (consists of tightly compressed consoli-
dated shale, slate, argillite, metasandstone, phyllite, and schist) covering
16% of the study area, and Intrusive rocks (Mainly undifferentiated
igneous rocks of granitic origin) which cover 45% of the study area
(Director-General of Geological Survey and Malaysia, 1988; Omar et al.,
2006). Seventy (70) locations were sampled based on the geological
formations surrounding the sampling site, to investigate the variability
of 222Rn and ?2°Rn in outdoor air.

2.2. Measurement of 2’Rn and ??°Rn concentration in the air

Fig. 1 displays the setup of the RAD 7 detector which is an alpha
detector that was used for the measurement of >’Rn and ?>°Rn con-
centration in outdoor air in the study area. It has a very low intrinsic
background of 0.2 Bq m™ and was calibrated by the manufacturer
Durridge company in the USA, The detector is designed to measure in
the range of 4 and 750,000 Bq m > (Durridge Company RAD7 User
Manual, 2015) The procedure involves setting the RAD 7 to THORON
protocol. In the THORON protocol, the detector measures both 222Rn
and 22Rn concentrations. This protocol uses 5-min in four (4) cycles and
prompts the RAD7 to print both 222Rn and 22°Rn concentrations (in pCi
L' or Bq m~ depending on the unit chosen) at the end of every cycle.
THORON protocol also directs the automatic pump setting to continuous
pump operation to ensure a fresh sample. For 222Rn, the first two cycles
should be ignored while the 22°Rn reading reaches equilibrium. The
220Rp reading will be valid for all except for the first cycle (Durridge
Company RAD7 User Manual, 2015). For accurate 220Rp measurement,
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Fig. 1. RAD7 Detector (Durridge company RAD7 User Manual, 2015).

the same sample taking configuration/setting should be used always.
Many difficulties impede the accurate measurement of 22°Rn gas. For
example, the presence of 222pn gas (often found together with 220pp)
can interfere with the measurement. The short half-life of 2°Rn gas
makes some aspects of the measurement easier (quickly and in rapid
succession) but makes the sampling method a critical issue because of its
variation, depending on air motion (Durridge Company RAD7 User
Manual, 2015).

2.3. Estimation of the annual effective dose of ?*?Rn and ??°Rn

The estimation of annual effective dose (H,j;) from the inhalation of
222Rn and ?%°Rn is carried out using equation (1), based on the mean
activity concentration as follows:

H, = C. xF, xT x DCF, x 107° @

where: Hyy, is an effective dose. C; is the mean 222Rn or 2?°Rn activity
concentration (Bq m3). F, is the equilibrium factor outdoors (for radon
and progeny the equilibrium factor is 0.6-0.8 of which 0.6 was used in
this paper, while the equilibrium factor for thoron is 0.003), T is the time
of exposure in hours with an average of 7000 h yr~!. DCF, is the dose
conversion factor [9 nSv Bg-! equivalent equilibrium concentration
(EEC) h m-3 for ?*Rn and 40 nSv Bq~! EEC h m~ for 22°Rn] (ICRP,
1993; UNSCEAR, 2000a, 2006). These values were used in the estima-
tion of annual effective dose (Ha;) from the inhalation of 222Rn and
220Rn respectively.

2.4. Terrestrial gamma (y) radiation dose (TGRD) measurement

The y - dose rate was measured by using the Analogue Survey Meter
Ludlum model 9. It is an ion chamber that reads in units of pR h™! on a
scale that ranges from O to 5. A switch selects between multipliers of 1,
01, 100, and 1000 of the scale reading, leading to detection ranges of
0-5, 0-50, 0-500, and 0-5000 pR h~!. The survey meter has a provision
that enables an audible indication of the detection of gamma radiation
{George et al., 2006}. The y - dose rate was measured at one (1) meter
above the ground. At least 3 stable readings were taken at each sampling
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point and the average values converted into dose rate in the air (uni-
t-nGy h™1) by multiplying the measured exposure rate in pR h™! into 8.7
(Martin et al., 2012). The geological background of each measurement
was recorded to investigate the relationship between 222pn, 220Rp, and
geological features. The external gamma radiation dose rate outdoor
was determined using equation (2) below.

H,_yaa(mSv) =D(nGy h™") x 8760 h x 0.2 x0.7SvGy™' x 107 (2)

where Hy_;oq = effective dose, D = measured gamma dose rate, 0.2 =
outdoor occupancy factor and 0.7 = conversion coefficient from
absorbed dose in air to human effective dose equivalent (UNSCEAR,
2006).

The total outdoor effective dose is obtained from equation (3) below.

Hrp = Hy—yaa + Hopogn + Hooorn 3

where Hro, is the total annual effective dose, Hy_;.q is the effective
gamma radiation dose, Haaogy is the effective radon dose and Hagogry is
the effective thoron dose, in outdoor air.

3. Results
3.1. #2pn activity concentration measurements result in outdoor air

Displayed in Fig. 2 is the histogram of the 22?Rn activity concen-
tration in outdoor air and summarized in Table 1 is the descriptive
statistics of the results of 222Rn activity concentration measurements in
outdoor air. The values of the 22Rn concentration ranged from 5.79 to
5110 Bq m ™~ with an arithmetic mean of 320.03 + 46.36 and median of
67.2 Bq m~> respectively. The mean value is higher than the USEPA
recommended outdoor 2??Rn level of 14.8 Bq m~3 (0.4 pCi L.

3.2. 22pn activity concentration measurements result in outdoor air

Elucidated in Fig. 3 is the Histogram of the activity concentration of
220Rn distribution in outdoor air while displayed in Table 2 is a summary
of the descriptive statistics of the 22°Rn activity concentration mea-
surements. The results obtained were in the range of 0.00-4226.7 Bq
m 3. The arithmetic mean was 226.12 + 58.5 Bq m 3, with a median of
69.75 Bq m~>. The mean 22°Rn concentration outdoor was higher than
the UNSCEAR (2006) recommended value of about 10 Bq m~2 with a
range of 1-100 Bq m~3.

70 1 1 1 L L L L \ L \ 1

Frequency

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

222Rn in air (Bq m)

Fig. 2. Histogram of the data distribution of 22?Rn activity concentration in
outdoor air.
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Table 1
Descriptive statistics of 222Rn concentration in the outdoor air.

Statistical Indicators 222R in outdoor air (Bq m~>)

Number of Measurements 70
Arithmetic Mean 320.03 + 46.36
Standard deviation 8.16
Median 67.2
Geometric mean 0.08
Range 5.79-5110
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Fig. 3. Histogram of the data distribution of 2?°Rn activity concentration in
outdoor air.

Table 2
Descriptive statistics of 22°Rn concentration in the outdoor air.

Statistical Indicators 220Rp in outdoor air (Bq m’s)

Number of Measurements 70
Arithmetic Mean 226.1 + 58.5
Standard deviation 0.124
Geometric mean 0.084

Range 0.00-4226.7

3.3. Gamma dose rate results of the field measurements

Fig. 4 depicts the Histogram of the gamma dose rate in outdoor air
while Table 3 displays the descriptive statistics of the gamma dose rate
results of the field measurements. The range of the values was from
98.31 to 3769.1 nGy h™!. The arithmetic mean was 446.27 + 98.62 and
median value of 217.5 nGy h™! respectively, with a standard deviation
of 825.1 nGy h™%.

3.4. The outdoor annual effective doses for ?*2Rn, ?2°Rn, and gamma

The effective doses outdoor for 22?Rn, 22°Rn, were computed using
equation (1), while the gamma effective dose and the total effective dose
outdoor were obtained from equations (2) and (3) respectively. The
result of the annual outdoor effective dose with an occupancy factor of
1825h(5h day’l) is elucidated in Table 4. The estimated values were in
the range of 0.30-51.41 mSv, with a mean of 3.75 mSv, which is higher
than the world average of 2.4 mSv. The 2?2Rn dose contributed most
(84%) of the total effective dose outdoor of the study location. The 220Rn
and gamma dose contributions outdoor were visibly lower, 15%, and 1%
respectively as displayed in Fig. 5. The outdoor doses for 220Rn and
gamma were lower than the ICRP (2007) value of 1 mSv, while the 222pn
dose was higher than the ICRP value. The calculations assumed a
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Fig. 4. Histogram of the gamma dose rate in outdoor air.
Table 3
Descriptive statistics of gamma radiation dose rate measurements in air.
Statistical Indicators Gamma dose rate (nGy h™1)
Number of Measurements 70
Arithmetic Mean 446.27 + 72.65
Standard deviation 825.1
Median 217.5
Geometric mean 29.58
Range 98.31-3769.71

Table 4
Estimated outdoor annual effective dose (H).

Effective doses (mSv)

Range Mean

H (222rn) 0.06-50.40 3.2+ 0.5
H (220rn) 0.0-0.93 0.05 + 0.02
H (gamma) 0.12-4.62 0.55 + 0.09
H (rotan) 0.30-51.41 3.75 + 0.65
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£ 2000
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Fig. 5. Total annual effective dose for the study location.
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uniform distribution of 22°Rn and 222Rn which might not be the case due
to the short half-life and environmental factors.

4. Discussion

The correlation between 222Rn and 22°Rn from the results of the
study is presented in a scatter diagram in Fig. 6. The following results
were obtained from the regression equation: R2 = 0.90, Intercept =
18.15, p = 0.01. The correlation coefficient R = 0.95 indicates a positive
correlation of 2?2Rn and 2?°Rn in the air in the study area. The ratio of
222Rn to 22°Rn concentration in the air tends towards a higher preva-
lence of 22°Rn. This was expected because the soil of the study area has
been reported to be rich in 2321 by Nursama et al. (2013).

The 222Rn and 2*°Rn activity concentrations in outdoor air from this
study and different studies in Malaysia are compared in Table 5. The
result of the mean 2?Rn activity reported in this study is higher than
most of the radon levels reported in other parts of Malaysia, but it is
lower than the one reported by Gillmore et al. (2005). The mean??°Rn
activity result reported here is very much higher than the one reported
by Sulaiman et al. (1994). The high values can be attributed to the
geological formation of the study area, which lies on the main granite
range of peninsular Malaysia and covering 45% of the study location.
According to UNSCEAR (2000), granites are relatively rich in radioac-
tive minerals and contribute to higher background radiation. The results
of this study form part of the baseline data for outdoor >22Rn and ?2°Rn
measurements, because of the scanty data that are available from
literature for the study area and Malaysia in general.

The outdoor 2??Rn and ?2°Rn values for other countries and this
study are compared in Table 6. The results of 222Rn values for this study
are seen to be extremely higher than those from Norway, China, and
Romania. The mean 2??Rn result is generally higher than those reported
for other countries. The 22°Rn results for this study are higher than those
reported for Norway. The 222Rn and 22°Rn results for this study are
generally higher than those reported for other countries.

Generally, the doses outdoor for this study were mostly below the
ICRP public exposure average dose constraint of 1 mSv y~!. Spatial
variations (UNSCEAR, 2000) were not considered in this paper, this
could result in the values obtained being higher or lower. If the exposure
time outdoors is reduced (2 h day’l), the dose from the study area will
be lower. However, if a higher equilibrium factor (F = 0.1) is used for the
calculation, higher outdoor dose values will be obtained with elevated
uncertainties. The equilibrium factor value has been published globally
in the range of 0.003-0.1(Chen et al., 2011; UNSCEAR, 2006).

5. Conclusion

In this study, outdoor radiation has been assessed in Granitic regions
of Perak state Malaysia. The results indicate that the mean ?>Rn and
220Rn activity concentration outdoor in the study location were both
significantly high, respectively. The high values could be credited to the
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Fig. 6. Correlation between ?2?Rn and ??°Rn in outdoor air.
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Table 5
The comparison of radon and thoron concentration in outdoor air with previous
measurements from different locations in peninsular Malaysia.

Location 222pp (Bq m’3) 220pp (Bq m’s) References
Range Mean Range Mean
Peninsular 22 6.8 Sulaiman
Malaysia et al. (1994)
Niah, 100-3075 608 Gillmore
Sarawak et al. (2005)
Peninsular 8.51-41.07 - Saat et al.
Malaysia (2010)
Sarawak, - Sarawak Sulaiman
Sabah 1.5 and Omar
Sabah (2010)
0.3
Perak state 5.79-5110 320.03 0.00-4226.7  226.1 (Present
Malaysia work)
Table 6

222Rn and 2*°Rn activity concentration in outdoor air in different countries.

Country 222pn (Bqm™Y) 220pn (Bqm™Y) References
Range Mean Range Mean
Norway 0-82 - 0-1786 - Popic et al.
(2012)
Romania 15-28 23.1 - - Calin et al.
(2019)
Missouri, 11-111 - - Barros et al.
USA (2015)
China 3-30 14 Wu et al.
(2016)
Perak state 5.79-5110 320.03 0.00-4226.7 226.1 (Present
Malaysia work)

bedrock of the study area, which is underlined with granite rocks
covering 45% of the study location. Granites are relatively rich in
radioactive minerals (UNSCEAR, 2000), and contribute to higher
background radiation. The activity concentrations of 238U and 232Th
from the study location were reported by Nursama et al. (2013) to be
higher than the world average respectively. Ramli et al. (2016) also
reported terrestrial gamma radiation doses from Perak state that were
higher than the UNSCEAR 2000 reference values. Thus, high 2?2Rn and
220Rn activity concentrations outdoor in the study location were ob-
tained as expected. The overall mean annual effective dose due to
exposure outdoor 1825 h (5 h day’l) was evaluated to be 3.75 4+ 0.65
mSv y~!. The results of the regression analysis hinted at a significant
prevalence of outdoor 22°Rn.

Additional 2*2Rn and 22°Rn concentration surveys are required to
ascertain their overall contribution to an individual’s outdoor exposure.
The authors also recommend a seasonal study of the study area to cater
for the variation of 2??Rn and 2*°Rn due to atmospheric conditions,
which will thus reduce uncertainties in the results of measurements.
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