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ABSTRACT

No detailed ambient dose rate has been reported, either before or after the Fukushima
Daiichi Nuclear Power Plant (F1-NPP) accident, for Mikurashima Island, one of the islands
within the authority of the Tokyo Metropolitan Government. Thus, the ambient dose rate on
Mikurashima Island was observed 4.5 years after the F1-NPP accident. A car-borne survey and
a foot patrol survey of the ambient dose rates were conducted over the entire island using a 3-in
x 3-in Nal(T1) scintillation spectrometer. The average ambient dose rate was 27 nGy h™' (12 —
45 nGy h) and a higher dose distribution was observed for the northern and eastern areas of
Mikurashima Island. However, the impact from the F1-NPP accident (i.e., the presence of
artificial radionuclides) was mainly observed for the mountain area of the island (4 — 9 nGy h'';
located about the center to south-southeast direction). Based on the measured ambient dose rate,

the estimated annual effective dose after the accident was 0.09 mSv y™'.
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INTRODUCTION

Large amounts of artificial radionuclides such as "'I, "**Cs and “’Cs were released to
the environment in the March 2011 accident at the Fukushima Daiichi Nuclear Power Plant
(F1-NPP). Koo et al. " have estimated that 0.7 — 5.0 x 10" Bq of *'T and 1.0 — 5.0 x 10'° Bq of
'¥ICs were released from the reactor buildings in the accident. For the Japanese land deposition,
most of the artificial radionuclides deposited on the ground in a northeastern area from the
F1-NPP ? but some were subsequently diffused within an altitude of 0 — 1000 m from ground
level and deposited on southern and southwestern areas depending on the topography, wind
direction and precipitation field >*. On Izu-Oshima Island (Fig. 1), located 350 km southwest of
the F1-NPP, deposition of artificial radionuclides (**Cs and '*’Cs) was observed for the entire
island . Thus, other islands in the Izu Island chain, such as Mikurashima, Miyakejima and
Niijima Islands, might also have received radionuclide depositions. However, there is no report
for ambient dose rate measured either before or after the F1-NPP accident on Mikurashima
Island.

In this paper, a car-borne survey and a foot patrol survey were carried out for all of
Mikurashima Island in August 2015, and a detailed dose rate distribution map was drawn using
the obtained data. Based on the measured data, the impact on Mikurashima Island by the
F1-NPP accident was estimated. In addition, the measured ambient dose rates were separated
into dose rates from artificial (**Cs and '*’Cs) and natural radionuclides (*’K, ***U series and
*Th series) using a 22 x 22 response matrix method” in order to provide accurate information
about ambient dose rate on Mikurashima Island to local governmental agencies, as such
information has not been available previously. Additionally, the annual effective dose was

estimated for residents of Mikurashima.

INSTRUMENTS AND METHODS
The measurements of the ambient dose rates (nGy h') were carried out in August

2015 on Mikurashima Island which is located 450 km southwest of the F1-NPP (Fig. 1). The
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weather condition was sunny or cloudy with no rainfall throughout the measurement days. The
route map was drawn using the Generic Mapping Tools (GMT)®.

The car-borne survey route followed the main roads on this island. It was carried out
using a 3-in x 3-in Nal(T1I) scintillation spectrometer (EMF-211, EMF Japan Co., Osaka, Japan).
Measurements of the count rates inside the car were performed every 30 s along the route.
Simultaneously, latitude and longitude at each measurement point were recorded at the same
time with a global positioning system. Car speeds were kept around 30 km h™' (Fig. 2). The car
windows were kept closed during measurements. A foot patrol survey was also carried out for
the mountain area where the car was unable to travel using the same scintillation spectrometer.
The photon peak of “K (E, = 1.464 MeV) was used for calibration from the channel number
and gamma-ray energy before the measurements.

The shielding effect of the car body was estimated by measuring the count rates
inside and outside the car at 15 points (#1 — #15 in Fig. 2) because the count rate used for the
dose calculations was measured inside the car. Measurements were recorded over consecutive
30-s intervals during a total recording period of 2 min both inside and outside the car. A
shielding factor was calculated from the correlation between count rates inside and outside the
car, and the corrected count rates inside the car were obtained by multiplying the data measured
by the car-borne survey by this shielding factor. The gamma-ray pulse height distributions were
also measured outside the car for 10 min at 20 points (#1 — #20 in Fig. 2). The Nal(T1)
scintillation spectrometer was positioned 1 m above the ground surface for these measurements.
The measured gamma-ray pulse height distribution was then unfolded using a 22 x 22 response
matrix method ” and ambient dose rates were calculated. Next, the calculated dose rates were
used to estimate the dose conversion factor (nGy h'/cps) from a correlation between dose rates
and count rates. The count rates measured by the car-borne survey and the foot patrol survey
were multiplied by the obtained dose conversion factor and the ambient dose rates for all of
Mikurashima Island were calculated.

All obtained data from the car-borne survey and foot patrol survey were plotted using

GMT ¥ as a distribution map of ambient dose rate on Mikurashima Island. A minimum
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curvature algorithm was used for the data interpolation by GMT. This is the method for
interpolating data by presuming a smooth curved surface from the data of individual points. For
more detailed analysis, the calculated ambient dose rates obtained at 20 points (#1 - #20 in Fig.
2) were separated as being from natural radionuclides (*’K, ***U series and ***Th series) or from
artificial radionuclides (**Cs and *’Cs) using a 22 x 22 response matrix method . Additionally,
the annual effective dose (mSv h™') was estimated based on measured ambient dose rates by the
two surveys. All measurements on Mikurashima Island were carried out with the permission of

the Tokyo Metropolitan Government.

RESULTS AND DISCUSSION

Fig. 3a shows the correlation between count rates inside and outside the car obtained at
15 locations (Fig. 2). The shielding factor and the standard uncertainty were calculated to be
1.40 and 0.14, respectively. In many previous reports, the shielding factor was reported to be
1.4 to 1.9%%'Y and the present shielding factor was at the end of this range. The correlation
between dose rate (nGy h') calculated from the software using the 22 x 22 response matrix
method and total count rate outside the car is shown in Fig. 3b. The dose rate conversion factor
and standard uncertainty were evaluated to be 0.163 and 0.013 (nGy h™'/cps). Both the shielding
factor and dose rate conversion factor are used to calculate the ambient dose rate (nGy h™)

outside the car (D,,,) by Eq. (1):

D,,=C, x 140 x0.163 (1)

where C,, is count rate (cps) inside the car obtained by the car-borne survey. For the count rate
obtained from the patrol survey, only the dose rate conversion factor was utilized to calculate
the ambient dose rate.

The average ambient dose rate (range) for all of Mikurashima Island measured in
August 2015 was 27 nGy h' (12 — 45 nGy h'). The average ambient dose rates (ranges)

obtained by car-borne and patrol surveys were 32 (12 — 45 nGy h') and 21 (12 — 39 nGy h™),
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respectively. There is no report giving measured ambient dose rate for Mikurashima Island;
however, the average ambient dose rate of 27 nGy h™' was like that of Izu-Oshima Island (27.0
nGy h') measured before the F1-NPP accident > and this reflects the fact that these islands have
been mainly formed by the same andesite and basalt rocks. Thus, it could be assumed that the
impact on ambient dose rate from the F1-NPP accident was low. Additionally, by comparing the
present rate, measured in 2015, to the average ambient dose rate for all of Japan measured
before 2011 (50 nGy h™") '?, the former rate was 46% lower.

Fig. 4 shows the distribution map of ambient dose rate in air on Mikurashima Island in
2015. This map was drawn using 846 data. Higher ambient dose rates were observed for both
northern and eastern areas of this island. That was the same tendency observed for Izu-Oshima
Island after the F1-NPP accident”® and is reasonable because the F1-NPP is located to the
northeast of both islands (Fig. 1), radionuclides associated with the radioactivity plume may
have adhered first to the ground in the northern and eastern areas.

Table 1 shows ambient dose rates measured for 20 points on Mikurashima Island. In the
northern and eastern areas of the island (#1 — #3, #5, #6, #14, #15 in Fig. 2), generally low dose
rates from artificial radionuclides (1 — 6 nGy h') were observed. However, higher values for
artificial nuclides (4 — 9 nGy h™') were observed for the mountain area (center to south-southeast
direction) (#16 — #20 in Fig. 2). Higher dose rates from natural radionuclides were conversely
observed for the northern and eastern areas compared to those of the mountain area. Thus, the
higher dose distribution measured for the northern and eastern areas as shown in Fig. 4 might be
reflecting the effect of natural radionuclides because the dose rates from artificial radionuclides
measured in the mountain area were lower compared with those from natural radionuclides for
the northern and eastern areas; the impact from the F1-NPP accident might not be clearly
reflected on the dose distribution map.

The standard uncertainties of one time measurement (30 s) can be calculated from the
measured value. The obtained range of counts inside the car was 27 — 119 (counts per 30 s) in
this study. The standard uncertainty depending on measured counts was calculated to be 1.3 —

2.8 (counts per 30 s). The range of the relative standard uncertainty for 30 s measurements was
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also given as 2.4% — 4.8%. Here, the respective relative standard uncertainties for the shielding
factor and dose conversion factor were calculated to be 10.3% and 8.1%, respectively. The
relative standard uncertainties for the traceability of the dose rate and dose calculation
procedure by the response matrix method were given as 4.1% (k = 2) (Pony Industry Co., Ltd.,
Osaka, Japan) and 5.0% (EMF Japan Co., Osaka, Japan), respectively. Thus, the maximum
combined relative standard uncertainty to the estimated ambient dose rate in this study was
calculated to be 14.6%.

The annual effective dose based on data obtained in August 2015 was calculated using

Eq. 2:

H=D x DCF x(T,,, + T, x SF) x 365 x 10°® ()

where H is annual effective dose (mSv y™), D is the mean ambient dose rate (nGy h™"), DCF is
the dose coefficient (0.748 Sv Gy™) '¥, T,,, and T;, are occupancy factors (4 h for outdoors, 20 h
for indoors, for residents of Mikurashima Island), SF' is dose reduction factor for wooden houses
(0.4) '¥. Here, calculated annual effective dose was 0.09 mSv y'. As the annual effective dose
in Japan is 0.33 mSv y™ '?, the annual effective dose after the accident was less than the average

in Japan.

CONCLUSION

The car-borne and foot patrol surveys using a Nal(Tl) scintillation spectrometer were
carried out on Mikurashima Island in August 2015. The ambient dose rate (range) was found to
be 27 nGy h"' (12 — 45 nGy h™) for the whole island. This value was 46% lower than the
average ambient dose rate (50 nGy h™) of all of Japan obtained before 2011. The higher dose
distributions for the northern and eastern areas of the island likely were affected by natural
radionuclides. However, the impact from the F1-NPP accident was mainly observed for the
mountain area of the island (i.e., center to south-southeast direction). The estimated effective

dose rate based on the dose rate measured in August 2015 was 0.09 mSv h™'.



Japanse Journal of Education for Radiological Technology

ACKNOWLEDGMENTS

This work was funded by the strategic research fund of Tokyo Metropolitan University.

REFERENCES

1y

2)

3)

4)

5)

6)

7)

Koo Y-H, Yang Y-S, Song K-W. Radioactivity release from the Fukushima accident and its

consequences: A review. Prog. Nucl. Energy., 74, 61-70 (2014).

Yoshikawa N, Obara H, Ogasa M, et al. '”’Cs in irrigation water and its effect on paddy
fields in Japan after the Fukushima nuclear accident. Sci. Total Environ., 481, 252-259
(2014).

Kinoshita N, Sueki K, Sasa K, et al. Assessment of individual radionuclide distributions
from the Fukushima nuclear accident covering central-east Japan. P Natl. Acad. Sci. U.S.A.,

108, 19526-19529 (2011).

Morino Y, Ohara T, Nishizawa M. Atmospheric behavior, deposition, and budget of
radioactive materials from the Fukushima Daiichi nuclear power plant in March 2011.

Geophys. Res. Lett., 38, LO0G11 (2011).

Inoue K, Hosoda M, Sugino M, et al. Environmental radiation at Izu-Oshima after the
Fukushima Daiichi nuclear power plant accident. Radiat. Prot. Dosim., 152, 234-237
(2012).

Maedera F, Inoue K, Sugino M, et al. Natural Variation of Ambient Dose Rate in the Air of
Izu-Oshima Island after the Fukushima Daiichi Nuclear Power Plant Accident. Radiat. Prot.

Dosim., 168, 561-565 (2015).

Minato S. Diagonal Elements Fitting Technique to Improve Response Matrixes for

Environmental Gamma Ray Spectrum Unfolding. Radioisot., 50, 463-471 (2001).



Japanse Journal of Education for Radiological Technology

8) Wessel P. Free software helps map and display data. EOS, Trans. AGU., 72, 441-446
(1991).

9) Hosoda M, Tokonami S, Sorimachi A, et al. The time variation of dose rate artificially
increased by the Fukushima nuclear crisis. Sci. Rep., 1,87 (2011).

http://www .nature.com/articles/srep00087.

10) Inoue K, Hosoda M, Shiroma Y, et al. Changes of ambient gamma-ray dose rate in
Katsushika Ward, metropolitan Tokyo before and after the Fukushima Daiichi Nuclear

Power Plant accident. J. Radioanal. Nucl. Chem., 303, 2159-2163 (2015).

11) Inoue K, Tsuruoka H, Le Van T, et al. Contribution ratios of natural radionuclides to
ambient dose rate in air after the Fukushima Daiichi Nuclear Power Plant accident. J.

Radioanal. Nucl. Chem., 307, 507-512 (2015).

12) Furukawa M, Shingaki R. Terrestrial Gamma Radiation Dose Rate in Japan Estimated
before the 2011 Great East Japan Earthquake. Radiat. Emerg. Med., 1, 11-16 (2012).

13) Moriuchi S, Tsutsumi M, Saito K. Examination on conversion factors to estimate effective
dose equivarent from absorbed dose in air for natural gamma radiations. Jan. J. Health Phys.,

25,121-128 (1990).

14) International Atomic Engery Agency. Planning for off-site response to radiation accidents

in nuclear facilities. IAEA-TECDOC-225. Vienna (1979).

15) Abe S, Fujitaka K, Abe M, et al. Extensive Field Survey of Natural Radiation in Japan. J.
Nucl. Sci. Technol., 18,21-45 (1981).



Japanse Journal of Education for Radiological Technology

138° 139’ 140° Ja o
' 38°
F1-NPP |
|
37°
/1/00 km
|36
— 200km
Pacific
Ocean
T a00km i 35°
i Miyakejima—— 200 km
- ' 340
\ 0 km
Mikurashing 0 100
T — )
Fig.1 The location of Mikurashima Island and other islands in the Izu Island chain. These

islands are under the authority of the Tokyo Metropolitan Government. The map was drawn

using the Generic Mapping Tools ¥ .
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Fig. 2 The survey routes for measuring count rates and measurement points of gamma-ray

height distribution on Mikurashima Island. A car-borne survey and a foot patrol survey were
carried out using a 3-in x 3-in Nal(Tl) scintillation spectrometer in August 2015. The
fixed-point measurements outside the car were also performed for 10 min at 20 locations (#1 -

#20).
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Fig.3 Correlations between count rates inside and outside the car (a) and between ambient

dose rates and count rates outside the car (b). The absorbed dose rates in air were calculated

using software of the 22 x 22 response matrix method .
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Fig.4 The distribution map of ambient dose rate on Mikurashima Island measured in

August 2015. That map was drawn using 846 data.
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Table1 Measured ambient dose rates on Mikurashima Island.

Absorbed dose rate in air (nGy h™)

Latitude Longitude
#x Natural Artificial
) ) All , . . .
radionuclides radionuclides

1 33.895 139.535 24 23 1

2 33.897 139.597 13 11 2

3 33.889 139.618 8 6 2

4 33.889 139.629 38 38 0

5 33.861 139.619 30 28 2

6 33.868 139.613 24 18 6

7 33.882 139.590 37 37 0

8 33.878 139.578 34 34 0

9 33.865 139.589 30 30 0
10 33.872 139.587 29 29 0
11 33.895 139.608 32 31 1
12 33.882 139.612 33 33 0
13 33.878 139.622 25 24 1
14 33.880 139.587 20 18 2
15 33.888 139.587 13 9 4
16 33.863 139.595 12 8 4
17 33.866 139.596 10 6 4
18 33.872 139.597 14 7 7
19 33.872 139.612 12 6 6
20 33.881 139.600 16 8 8

* Measurement point locations (#) are shown in Fig. 2.



