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Erawan Beach area in San Vicente, Palawan Island, Philippines contains rare-earth elements
and natural radioactive nuclides at high levels. If the development of mineral resources starts,
environmental impacts will be a significant concern for residents in the area. In this study, a
preliminary radiological survey on ambient dose equivalent rate and dust concentration was
performed in the Erawan Beach area. The ambient dose equivalent rates in each site ranged
from 0.060 to 0.81 uSv h~!. External gamma radiation exposures estimated from these values
were lower than the reference level range (1-20 mSv y~!) for abnormally high levels of natural
background radiation described in the ICRP Publication 103. The dust concentrations in each site
ranged from 0.40 to 0.76 mg m=3, which were relatively higher than the typical dust concentration
in air (0.05 mg m=3). Based on estimation from the results of the ambient dose equivalent rates
and dust concentrations, inhalation radiation exposure due to natural radioactive nuclides in
dust will likely be less than external gamma radiation exposure.

Keywords: dose rate, high-level environmental radiation areas, natural radioactive nuclides

An area containing natural radioactive nuclides at
high levels exists in the Philippines. Because this area
— which is located in Erawan Beach in San Vicente,
Palawan Island — is composed of the mineral resource
called allanite, including rare-earth elements mainly,
investigations of metal resources have been performed
so far (Reyes et al. 2013). If the development of mineral
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resources starts in the Erawan Beach area, environmental
impacts might be resident's strong concerns. Therefore,
it is essential to obtain radiological data in the Erawan
Beach area so that residents feel a sense of safety, and
workers develop mineral resources safely. In this study,
a preliminary radiological survey on ambient dose
equivalent rate and dust concentration was performed
in the Erawan Beach area.

Surveys were taken in Erawan Beach area, San Vicente,
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Palawan, Philippines. The places permitted by the local
government and residents were chosen as measuring
sites (Figure 1). The positions of measuring locations are
shown in Table 1.

The ambient dose equivalent rate was performed at
measuring sites (A1—A10) in Figure 1 and Table 1, while
dust concentration was performed at measuring sites
(B1-B3) in Figure 1 and Table 1.

A 3-in (diameter) % 3-in (thickness) Nal(Tl) scintillation
survey meter (SAM940; Berkeley Nucleonics Corp., San
Rafael, CA, USA) was used for measuring the ambient
dose equivalent rate in each site. The measurements of the
ambient dose equivalent rate were performed at a height
of 1 m from the ground.

Two-stage impactors (NL-4-10A; Tokyo Dylec Corp.,
Japan) — which can collect dust below Particulate Matter
(PM)-10 at a sampling flow rate of 4 L min~! — was used
by referring to a method in Iwaoka et al. (2013). The dust
concentrations were calculated from the differences in
the weights of filters before and after the dust collection.

The ratio of external gamma radiation and dust inhalation
exposures was estimated by the typical values and
equations described in RP-122 (EC 2002).
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Table 1. Longitude and latitude in measuring sites.

ID Longitude Latitude
Al 119.330325 10.653739
A2 119.330031 10.653942
A3 119.330117 10.653022
A4 119.329892 10.652558
AS 119.329778 10.652125
A6 119.329731 10.651992
A7 119.329919 10.652117
A8 119.329778 10.649831
A9 119.330444 10.649869
A10 119.326775 10.609269
Bl 119.329963 10.652600
B2 119.330188 10.649628
B3 119.329885 10.651952

Results of the ambient dose equivalent rates and dust
concentrations are shown in Table 2. The ambient dose
equivalent rates in each site ranged from 0.060 to 0.81
uSv h=l. The values of the ambient dose equivalent
dose rates in A1—-A7 were higher than those in other
areas. This reason might be due to a large amount of
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Figure 1. Locations of this study.
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deposition of allanite because there is a river in the area
around A1—A7 flowing from the allanite dikes (Ramos
et al. 2001). Based on the assumption that ambient dose
equivalent/absorbed dose in air is 1.2 (Bossew et al.
2017), the values of the ambient dose equivalent rates
in some sites were higher than an average value of those
in the Philippines (0.052 uGy h™!) (Nazarea et al. 2004)
and world (0.059 nGy h™!) (UNSCEAR 2008). On the
other hand, based on the assumption that effective dose/
ambient dose equivalent is 0.7 (Saito et al. 1998), annual
(8760 h) effective doses for external gamma radiation
exposure in this study ranged from 0.37 to 5.0 mSv
y~! — which was lower than the reference level range
(1-20 mSv y!) for abnormally high levels of natural
background radiation described in the ICRP Publication
103 (ICRP 2007).

The dust concentrations in each site ranged from 0.40
to 0.76 mg m3. These values were relatively higher
than the typical dust concentration in air (0.05 mg m=3)
(UNSCEAR 2008). The dust concentrations in each site
might originate from several sources such as marine
aerosols, resuspension of soil particles, and fossil fuel
and wood combustions (Wilson et al. 1997) due to the
presence of beach and sea and residents living near
each site. Based on the conservative assumption that
the dust concentrations in each site originate from only
the resuspension of soil particles (i.e., C=0.76 mg m3
without dilutions due to other dust sources), the ratios of
external gamma radiation and dust inhalation exposures
estimated by the typical values and equations described in

Table 2. Results of ambient dose equivalent rate and dust
concentration.

Ambient dose equivalent rate2  Dust concentration

ID

(uSv h) (mg m33)
Al 0.81 -
A2 0.58 -
A3 0.40 -
A4 0.42 -
A5 0.30 -
A6 0.21 -
A7 0.31 -
A8 0.12 -
A9 0.088 -
Al0 0.060 -
BI 0.76
B2 - 0.76
B3 0.40

aThe value of the ambient dose equivalent rate was determined by averaging five
measurements for 60 s each.
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RP-122 (EC 2001) were 0.12 for the 238U series and 0.13
for the 232Th series. Therefore, inhalation exposure due
to dust will likely be less than external gamma radiation
exposure in this survey site.

A preliminary radiological survey on ambient dose
equivalent rate and dust concentration was performed in
the Erawan Beach area, San Vicente, Palawan, Philippines.
The ambient dose equivalent rates in this study were
higher than an average value of those in the Philippines.
The dust concentrations in this study were relatively
higher than the typical dust concentration in air. Based
on estimation from results of the ambient dose equivalent
rates and dust concentrations, inhalation exposure due
to dust will likely be less than external gamma radiation
exposure.

ACKNOWLEDGMENTS

The authors would like to thank residents and secretariats
of Barangay Sto. Nifio for support in the conduct of this
study. JSPS KAKENHI Grant Number JP17KK0162
partially supported this work.

REFERENCES

BOSSEW P, CINELLI G, HERNANDEZ-
CEBALLOS M, CERNOHLAWEK N, GRUBER YV,
DEHANDSCHUTTER B, MENNESON F, BLEHER
M, STOHLKER U, HELLMANN I, WEILER F,
TOLLEFSEN T, TOGNOLI PV, DE CORT M.
2017. Estimating the terrestrial gamma dose rate by
decomposition of the ambient dose equivalent rate. J
Environ Radioact 166: 296-308.

[EC] European Commission. 2002. Radiation protection
122: Practical use of the concepts of clearance and
exemption; Part II: Application of the concepts of
exemption and clearance to natural radiation sources.
Luxembourg: Office for Official Publications of the
European Communities

[ICRP] International Commission on Radiological
Protection. 2007. The 2007 Recommendations of the
International Commission on Radiological Protection
[Publication 103]. Annals of the ICRP p. 1-34.

IWAOKA K, TABE H, SUZUKI T, YONEHARA H.
2013. Occupational exposure to natural radiation in
zirconium refractory plants in Japan. Health Phys
104: 151-157.

NAZAREA TY, NATO AQ, ENRIQUEZ EB, PALAD
LJH, DELA CRUZ FM, GARCIA TY, ASADA AA,

501



Philippine Journal of Science
Vol. 148 No. 3, September 2019

COBOR MLC. 2004. Radiological surveillance of the
former U.S. Base: Poro Point, San Fernando City, La
Union. Philippine Nuclear Journal 14: 40—47.

RAMOS AF, SANTOS G, MAGSAMBOL W, SASTILLO
MK, TABORA EU. 2001. Preliminary geological
assessment for rare earths at Ombo area, San Vicente,
northern Palawan [Technical Report]. Quezon City,
Philippines: Philippine Nuclear Research Institute.

REYESRY, VARGAS EP, LIM WG, TABORA EU. 2013.
Main activities carried out in the Philippines in the
field of “Uranium and Thorium Resources Production
Life Cycle.” Retrieved from http://www.unece.org/
fileadmin/DAM/energy/se/pp/unfc_egrm/unfc_ws
IAEA CYTED UNECE Santiago July2013/12
July/6_Reyes Philippines U Resources.pdf on 13
Apr 2019.

SAITO K, PETOUSSI-HENSS N, ZANKL M. 1998.
Calculation of the effective dose and its variation
from environmental gamma ray sources. Health Phys
74: 698-706.

[UNSCEAR] United Nations Scientific Committee on
the Effects of Atomic Radiation. 2008. Radiation
sources and effects of ionizing radiation. New York:
UNSCEAR.

WILSON WE, SUH HH. 1997. Fine particles and coarse
particles: Concentration relationships relevant to
epidemiologic studies. J Air Waste Manag Assoc 47:
1238-1249.

502

Iwaoka et al.: Radiological Survey on High Rare-Earth
Containing Area in the Philippines



