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Ventilation rate Duration of Dose reduction factor
(air change/h) plume exposure (h)

0.31 0.5 0.07

' 1 0.14

2 0.25

4 0.41

6 0.54

1.0"2 0.5 0.21

1 0.36

2 0.56

4 0.75

6 0.83

] BBORLIEET3HE, BOBNERR Y, BN LOEKOMAOH RV HEIZHEA
g FEOMRE B U B BT IRI R RS T LRV IBEICE A

BEXME

1. ‘US EPA. Manual of protective action guides and protective actions for nuclear incidents
Second printing (1992). ‘ )
2. HREEH, EMMTF. AAAQRRRICETZEFEICOVT, MW, 11, 123-128 (1976).
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Results of Whole Bedy Counting for JAEA Staff Members Engaged in the
Emergency Radiclogical Monitering for the Fukushima Nuclear Disaster

Chie TAKADA, Osamu KURIHARA', Katsuta KANAI, Takahiro NAKAGAWA,
Norio TSUIIMURA, Takumaro MOMOSE

Nuclear Fuel Cycle Engineering Laboratories, Japan Atomic Energy Agency,
4-33 Muramatsu, Tokai-mura, IBARAKI, 319-1194, Japan

Abstract

A massive earthquake and tsunami on March 11, 2011, resulted in the release of an enormous
amount of radioactive materials into the environment. On the day after the earthquake the Japan Atomic
Energy Agency (JAEA) began emergency radiological monitoring. Measurements with a whole body
counter (WBC) for the staff members who had returned from Fukushima began at the end of March
because a power blackout for several days and lingering increased ambient radiation levels had
rendered the WBCs inoperable. The measured activity level for 11 que to inhalation for emergency
staff varied from below detection limit to 7 kBq, which corresponds to an estimated initial intake range
of <1 to 60 kBq when extrapolated back to the date the staff began the monitoring in Fulushima. The
measured activity levels for **Cs and *'Cs were both in the ranges from below detection limit to 3
kB% When using the median values for each set of measurements, the ratio of the initial intake of 131y
to *’Cs was 11. The maximum committed effective dose of 0.8 mSv was recorded for 4 member of the
4th monitoring team dispatched from March 15 to 20.

Keywords: internal dose; whole body counter; radiviodine; radiocesium
1. Introduction

The accident at the Fukushima Daiichi Nuclear Power Station, which was caused by a
9.0-magnitude earthquake and the subsequent massive tsunami on March 11, 2011, resulted in a series
of substantial releases of radioactive materials into the atmosphere, the most serious of which occurred
on March 15 ~ 16. Before the night of March 14, the prevailing winds carried the radioactive plumes
over the Pacific Ocean; however in the next two days, the winds veered to the northwest and rainfall
washed the radioactive materials from the plumes, creating serious inland contamination.

With the declaration of the nuclear disaster by the Prime Minister on the same date of the quake,
the .Japan Atomic Energy Agency (JAEA), one of the public institutions designated in the Basic
Disaster Prevention Plan, activated a series of responsive actions to the disaster, one of which. was the
deployment of "emergency radiological monitoring teams to Fukushima. The results of the
environmental monitoring suggested that there was an increased potential for a large number of people

. to be exposed to both internal irradiation (due to the inhalation of the radicactive materials in the
plumes) and external irradiation (from radioactive materials transported by the plumes and deposited
on the ground).

Accordingly, the JAEA conducted internal contamination monitoring for the Tokyo Electric
Power Co., Ltd. (TEPCO) workers and the residents of Fukushima in response to requests from
TEPCO and the Fukushima government. Monitoring for the residents is on-going. The results of the
internal contamination monitoring have alreadzy been partly reported clsewhere D and will be
described im more detail in companion articles % in this issue. In addition, internal contamination

! present affiliation: National Institute of Radiological Sciences
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measurements were made on 50 of the workers who were involved in the fesponsive actions to the
disaster, including the abovementioned emergency radiological monitoring. The present report
describes the results of the whole body couriting conducted for the emergency personnel dispatched to
Fukushima. ’

2. Subjeet workers

Fifty adult male workers out of 241 JAEA staff members who were dispatched to Fukushima
during the initial month following the accident are the subjects in this report. All 50 workers were the
staff members of the Nuclear Fuel Cycle Engineering Laboratories (NCL), ome of the JAEA
establishments, located in Tokai-mura, ~100 km south of the crippled plant and had been engaged in
emergency radiological monitoring in Fukushima. After returning from the monitoring assignment,
they were examined with whole body counters (WBCs) through the end of April. All of them had
resided in and around Tokai-mura at the time the quake hit.

At the JAEA, right after the earthquake occurred, emergency radiological monitoring teams
were assembled while inspections. of the quake-hit facilities and utility recovery operations were
undertaken by the skeleton crews. Initially, on March 12, two' teams, a 1st three-man team and a 2nd
eight-man team, were serit out to the Off-site Center (OFC), which is located in Okuma town, ~5 km
west of the plant. The rise of airborne activity and the ambient dose rate forced the OFC to be
evacuated; therefore, the bothteams left OFC at 9:00 p.m. onl March 14, returniig to Tokai-mura. Since
March 16, 2011, the 3rd and later dispatches were directed to the Fulkushima prefectural office, the new
local command post for the nuclear disaster, which is 60 km west of the plant. From this command post,
the dispatched monitoring teams were redeployed throughout a 20 ~ 50 km zane surrounding the plant.
The final 15th team stayed in Fulushima during the period from April 7 to 11.

All of the personnel dispatched were equipped with a personal dosemeter in addition to their
regular work clothes, but without an anti-contamination suit or a respirator. They also didn’t take any
tablet of stable iodine because the local nuclear emergency response headquarters issued no instruction
about taking stable iodine for residents. After returning to Tokai-mura, whole body counting for each
worker was conducted in order to check for any elevation of internal contamination.

Herein, the results of the whole body count analysis of the monitors are discussed in
comparison to those obtained for three staff members (one expert and two operators) involved in
operating and maintaining the WBCs of the NCL. All of the WBC staff were residents of Tokai-mura
and were present during the passage of the main radioactive plume, which began at around 4:00 a.m. on
March 15. The WBCs were reactivated using a temporary generator on the morning of March 14, and

‘background count measurements were initiated to check the variation in the ambient radiation levels

and its possible effects on the lower limit of detection. In addition, the three staff members also took
measurements of themselves in order to judge the overall system performance. The two operators
remained in Tokai-mura up to the time of the WBC measurement, while the expert left three days after
the evening of March 15 to visit the Fukushima Medical University (FMU). This group also took no
stable iodine tablets.

3. Measurements
3.1. Whole body counter

A FASTSCAN WBC manufactured by Canberra, Inc. was used in this study. Figure 1 shows
external and internal views. of the FASTSCAN system 9 at the NCL. The FASTSCAN uses two 12.7



7.6 % 40.6 cm® Nal(TI) detectors configured in a linear array on a common vertical axis inside a
booth-shaped shadow shield, in which a subject stands facing the detectors. The altitudes of each
detector unit from the booth floor are 113.0 ~ 153.6 cm for the upper unit and 63.7 ~ 104.3 cm for the
lower unit, and cover the range from the thyroid gland to the lower gastrointestinal tract for likely
subject sizes with nearly flat counting efficiency. The measurible energy range-is 300 keV to 1.8 MeV
and the minimum detectable activity (MDA) is ~200 Bq for 137¢s, with a counting time of 120 s for at
the background levels in the NCL prior to the quake.

Figure 1. External and internal views of the FASTSCAN being used at the NCL

The PC-based software, ABACOS and GENIE, both provided by Canberra, were used for
system operation and for data acquisition and spectrum analysis, respectively. Spectral data from the
two detectors are acquired and displayed separately, and are then electronically summed to form the
composite spectrum for peak analysis. The peak analysis method used in the GENIE system begins
with a systematic erosion of the photo-peaks of an original spectrum in order to estimate the underlying
continuum spectrum, and then creates a series of residual peaks by subtracting the estimated continuum
spectrum from the original spectrum. The theoretical peaks of the user’s library-specified radionuclides
are fitted to the residual peaks using an iterative ledst-squares Gaussian fitting technique, and finally,
the areas of the resolved peaks and thus their activities are determined.

Table 1 lists the radionuclides specified'in the user’s library, where some of the closely adjacent
peaks were registered as single peaks with average energies and summed yields, in order to facilitate
the peak analysis. A parent-progeny pair of *?Te and *2I was not included in this library because their
activity was very low by the time the WBC examination was started at the end of March.

The calibration of counting efficiencies for the FASTSCAN was made using a Canberra

Transfer Phantom (CTP), which consisted of the torso  and neck sections, both of which are made of”

acrylic resin. The CTP in an upright position inside the booth can adequately simulate various counting
geometries for the reference calibration phantom configurations by placing an appropriate calibration
source into one of the several cavities. The appearance of the CTP and the calibration source can be
seen in Figure 2. A 12 mL vial containing mixed gamma-emitting radionuclides ( *’Co, %°Co, ®sr, ¥y,
109¢g, 113Sn, s, 13¥Ce, and 2°3Hg ) of known activities was placed into the middle cavity of the torso
section, enabling the calibration of the.system for the whole-body geometry, in which the radionuclides
are uniformly distributed. The same vial was then placed into the cavity in the neck séction, which was
used for calibration in the thyroid counting geometry with no collimators. In faet, this source
configuration gave accurate results for the thyroid content of iodine ¥. This was experimentally
confirmed in direct measurements of TEPCO workers at authors? institute. However, in the early stage
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of direct measurements after the nuclear disaster, the activity of 131 in the body was determined as the
whole-body content using the FASTSCAN, resulting.in 2 large overestimation.

Table 1 Nuclide Library
Nuclide Energy (keV) Yield (%)
K-40 1461 10.7
1131 364* 81.7
637 72
Cs-134 566 23.8
-605 97.6
796.6* 942
1167.94 18
1365 3.0
Cs-137 662 85.1

The -underlined figures are corrected values and
the photon energies lines marked with * are given
the high priority in the activity calculation.

Figure 2. Canberra Transfer Phantom (CIF) and the calibration source

The calibration with the CTP was confirmed with a BOMAB: phantom supplied by the Nuclear
Science Research Institute of the JAEA as a part of the measurement quality assurance program. From
this calibration, two counting éfficiency curves as a function of photon energy were derived for the
whole-body and thyroid counting,

3.2. Measurement conditions

The damage to utilities (electiicity, water, gas, etc.) and roads, and the subsequent elevated level
of the background radiation brought by the contaminated plume, delayed the resumption of the
opération of the WBCs -at the NCL. Monitoring stations at the site boundary of the NCL indicated a
surge of the background gamma radiation around 7:00 am. on March 15 and a smaller surge around
5:00 a.m. on March 21; whose maximum momentary air kerma rates were 5 and 3 pGy/h, respectively.
The background radiation measured with the FASTSCAN on March 15 formed a pulse height spectrum
composed of discrete peaks for 121 Bly and ™*Xe and broader, overlapped peaks around 600 ~ 670 ,
keV and 770 ~ 800 keV for "*1, 1, **Cs and ¥'Cs (™ Ba). The latter peaks were overwhelmed by
1311 and *1, preventing the peaks of 405 and *7Cs from being resolved. Figure 3 shows the measured
specfrum around 10:00 am. on 15 March. Therefore, the precise quantitative evaluation of the
activities of **Cs and *’Cs became possible only around the end of March, by which time the peaks
for *1 and its parent, **Te, dissipated.



R e FRSTSCAN i Blarikiffeastretwdnt (10}
- | 14Cs_g0skeV Il Cee ek
132 630keV .
; ;’;I:637kev L ) 1eBifore the quake
S7Cs_G62keV e = Jul, 3, 2011
P |_773keV :
l_sggr:i\::« G 796k . ; Mar. 15, 2011
- P ”7’.1 134Cg_g02keV J {10-11 ¢ clock)
- s - | 1405 _1365keV |
2 L | 137 4398keV |
= o 1 L A0 4461keV
D B I
=3 z
2 i
[ 1
3 ;
o &
(&) il
100{@
it
i
I : e L — R
o 200 400 600 869 1000 1200 1400 1600 1868 2000

Photon Energy {keV)
Figure 3. Background spectrum of the FASTSCAN at the NCL

For the 50 workers, whole body counting was conducted within a few days and then several
weeks after their return; the earliest were completed on March 28 and the latest on April 28. The
workers were counted in their regular work clothes, because they had a time to change into clean
clothes and take normal bathing to wash any exposed skin surfaces and hair. However, as a precaution,
they were requested to take off their work jackets in order to mihimize of the possible effects from
residual contamination materials. Reliable FASTSCAN data for the WBC operators was collected after

March 28, although test measurements during the period of the high background radiation were’

conducted after March 15. While 30% of inhaled radioiodine conceritrates in the thyroid gland and
remains there for weeks, the other 70% is excreted in the urine within a few days; therefore, the
contribution of 1 gamma rays from other organs of the body muist have been negligible at the time of
the thyroid counting.

3.3. Dose esﬁmaﬁbn model

The exposure history of the emergency personnel was expected to be complex because of the
potential for multiple inhalation. A percentage of the workers may have been affected by inhalation at
both in Fukushima and Tokai-mura; for example, the members who worked at Fukushima and. then
returned to Tokai-mura before Maxch 15 might have first inhaled radioactive materials at Fulkushima
and then inhaled additional radioactive materials at Tokai-mura after March 15. Therefore, it was
assumed that a single inhalation took place either on March 15 or the first work day at the scene, i.e.,
the date that provided the longest elapsed time before measurement. This assumption would yield
conservative dose estimation when the amount of intake during inhalation at Fukushima exceeded that
" at Tokai after March 15. In contrast, the two WBC operators who-stayed af Tokai-mura during the
month were expected to have inhaled after March 15.

The internal dose was evaluated in terms of the committed effective dose (CED), which was
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calculated as a groduct of the dose coefficient and the estimated intake. The former was taken from
ICRP Publ. 78 ”; the latter was derived by dividing the measured body content using the retention
function, or the fraction of the intake retained in the body at the time after intake. The retention
function was calculated by the MONDALS3 code 9. A type-F lung solubility class and a defaulf activity
median aerodynamic diameter (AMAD) of 5 pm for the particles were assumed.

4, Results and discussion
4.1. Results of whole body counting

The whole body measurements were completed by the end of April for a total of 50 persons,
nearly all of which showed some activity other than that due to naturally-occurring “K. The
radionuclides detected in their bodies were By B34¢s and 137Cs. Todine-131 was detected for 47 persons,
or 94% of the total. When no 131I, B4cs or 1¥Cs was detected, the MDA value was assigned to the body
content value for a most conservative evaluation. The results of the measurements are described below.

Figure 4 shows the pulse height spectra measured for the worker with the highest detected 1
burden. He joined the 2nd team dispatched to Fukushima during the first week following the accident.
The figure compares three spectra, those acquired by the upper and lower detectors and the composite
of the two detectors. Each spectrum identifies discrete Eeaks for 1 (364 ke V) and *Cs (796 keV, 802
keV) and a broad peak composed of B3y (637 keV), *Cs (605 keV) and 175 (662 keV), as well as a
minor peak for 40K (1461 keV). The relative counts from the two detectors provide an approximate
measure of the distribution of the activity in the body. The observed count ratio of 6:4 in the 1311 peak
region for the upper and lower detector was reasonably close to the ratio of 7:3 obtained for the
calibration with the CTP. This result demonstrated that the thyroid counting was achieved with
relatively little interference from the other contamination in the extrathyroidal organs or on the work
clothes, even though no collimator for the thyroid %‘hnd was used.

Figure 5 depicts the whole body 13405 and *7Cs content for the 50 emergency personnel and the
3 WBC workers. The level of ’Cs at the time of the measurements ranged from below detection level
to ~3 kBq. The B4cg activity was nearly the same range. When the maximum measuréd values were

.extrapolated back to the date of the initial intake, the initial intakes of 8 kBq for 137Cg and 7 kBq for

13405 were calculated. In addition, an observed activity ratio-of 34C:137Cs of 1:1 was found to be the
same as that for the TEPCO workers as well as for all other samples taken in the environment. In
addition, no variation in the radioactivity was detected throughout the period of the dispatch.
Noticeably, the scatter of the plots around the 1:1 line is small.

A comparison of the initial intakes of 1311 and *7Cs, both of which were also extrapolated back
to the date of the initial intake, is presented in Figure 6. The initial intakes of 811 were estimated to be
in the range from below 1 kBq to around 60 kB%when extrapolated back to the date of the initial intake.

<The superimposed lines correspond to the BIyA% 0 ratios of 1, 10 and 100. In contrast to radiocesium,
a poor correlation was found. The intake ratio of 181y 45 7Cs for 50 emergency persormel ranged from
1 to the 50 with a median of 11, which is the same order as the ratio of 10-20 estimated by the Nugclear
and Industrial Safety Agency (NISA) as a release source term.

The values of the >'1/**'Cs ratio for the two WBC operators who stayed in Tokai-mura were
both 1.4, and the average value of the initial intake of 1311 £or the three WBC operators was estimated to
be 2 kBq based on the basis of the FASTSCAN measurement.
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4.2, Dose estimation results

Table 2 summarizes the ranges and averages of the CEDs due to B and PCs + ¥7Cs,
calculated from the measurements obtained using the FASTSCAN system. For the emergency
personnel dispatched to Fukushima, the CEDs from inhalation were determined to be in the range of
0.03 ~ 0.8 mSy, with a median value of 0.24 mSv. Most of the values of the CEDs for the workers were
due to L. The CEDs of the three WBC operators, including the expert who had been to the FMU for
three days in March were all calculated to be around 0.05 mSv, which is much smaller than that for the
dispatched workers. Note that the measurements obtained for these three WBC operators established

the expected range for the individual CEDs of the adult residents in Tokai-mura.

Table 2 Estimated CEDs _ ‘

Group# Locations and Number MAX.CED MED. CED
Period of Operation of workers (mSv) (mSv)

st Fukushima, Mar. 12-14 3 0.39 0.39

2nd Fukushima, Mar. 13-14 10 0.64 0.29

3rd Fukushima, Mar, 14-18 0.54 0.35

4th Fukushima, Mar. 15-20 5 0.80 0.26

5th Fukushima, Mar. 18-22 0.25 0.17

6th—15th  Fukushima, around 4 days 17 0.54 0.05

during Mar. 20-Apr. 11
Sub Total 50 0.80 0.24
Oxgrs Tokai-mura, Mar. 15 3 0.05 0.05
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4.3, Some Issues

Because the emergency monitoring in the initial few weeks after the earthquake was conducted
with no systematic plan,. there are no detailed records of the behavior of the staff members, More
meaningful dose estimations could be obtained if the behavior records indicating the specxﬁc times and
locations of momtorlng activities were available.

In addition, in this study, the workers were not examined with a lead-collimated thyroid monitor
because all the results for the whole body counting with the FASTSCAN system were relatively modest.
In retrospect, however, we should have used both a WBC and a thyroid monitor should have been used
to evaluate all subjects in order to obtain more accurate results for radioiodine.

Fmally, the delayed start of the WBC examinations prevented the short-life nuclides such as
37 and *Te from being detected. The doses resulting from intakes of such nuclides should be
estimated using information on the ratio data of radionuclides released relative to 18

1321

5. Conclusion

The nuclear disaster at the Fukushima Daiichi Nuclear Power Station in March 2011 resulted in
the diffusion of various radioactive materials leading to potential for significant internal doses in large
populations.

The whole body counting for 50 staff members engaged in the emergency monitoring activities
was conducted approximately 3-8 weeks after the accident ocowrred. The results indicate that the
maximum internal dose was 0.8 mSv of internal dose and the maximum total dose was 0.9 mSv, which
confirms for the workers that there was no serious internal contamination. The median of the intake
ratio of I to *’Cs for the 50 emergency personnel working in Fukushima was 11, and that for the
WRBC operators who stayed in Tokai-mura was 1.4.

‘These measurements serve as a further source of information that can be used to reconstruct the
early internal doses experienced by the public.
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Section 6.

Results and Discussion

6.1 Dose Results

The whole body effective and thyroid doses for children, under maximum exposure
conditions at eight DARWG locations. where they might have been present, are shown in
Table 33 and Table 34.. For adults performing humanitarian relief work, Table 35 and Table 36
list whole body effective and thyroid doses under maximum exposure conditions.

Although children have lower inhalation and ingestion rates than adults, their doses are
higher than for adults under similar exposure conditions. The largest difference in doses occurs
for the group aged greater than one to two years of age. These differences are reasonable because
when.compared to adults, children are more sensitive to jonizing radiation, their thyroid masses
are smaller, and they retain radioactive materials for less time. Children’s increased sensitivity is
accounted for in the DCs used to calculate their doses. Children’s thyroids absorb the same
amount of energy as adult thyroids from the radioactive materials in them but since they are
smaller the dose is greater. Although their thyroids are smaller and can receive a higher dose
from an equal amount of radioactive material, their shorter retention times act to reduce the
.overall exposure time to radiation. The net result of the three competing factors of sensitivity to
radiation, smaller thyroid mass, and reduced retention time is that whole body effective doses
and thyroid doses are greater than for adults. For example, for Hyakuri AB (D-6) the children’s
maximum whole body effective and thyroid doses are 0.16 and 2.7 rem (1.6 and 27 mSv),
whereas the highest adult values are 0.075 and 1.0 rem (0.75 and 10 mSv). Thus, the children’s
maximum whole body effective doses and thyroid doses are factors of 2.1 and 2.7 greater than
the corresponding adult doses.
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Doses shown in Table 33 through Table 36 are associated with the highest physical
activity level and least amount of time indoors. Doses calculated for the remaining physical
activity levels and times spent indoors as discussed in Section 3.4.2 are summarized for children
in Table 37 and Table 38 and for adults and humanitarian relief individuals in Table 39 and
Table 40.

Table 37. Range of wholé body effective doses (rem) to children at nine DARWG locations

. Age Group. ]
DARWG Location (No) [ T 107y [ 2yt 7y | 57y to 12y P12y to 17y
Misawa AB (D-1) 0.003-0.007] 0.003-0.007 | 0.003-0.006 | 0.003_0.006 | 0.003-0.006
Hyakuri AB (D-6) 0.049-0.14 | 0.0540.16 | 0.050-0.10 | 0.035-0.074 | 0.036-0.071
Yokota AB (D-8) 0.034-0.088] 0.034-0.099 | 0.035-0.071 | 0.027-0.055 | 0.027-0.053
Alasaka Press Center (D-9) |0.020-0.079] 0.029-0.090 | 0.030-0.061 | 0.022-0.046 | 0.022-0.044
‘Atsugi NAF (D-10) 0.026-0.069] 0.028-0.082 | 0.028-0.056 | 0.021-0.041 | 0.021-0.039
Yokosuka NB (D-11) 0.023-0.063| 0.025-0.077 | 0.025-0.051 | 0.018-0,036 | 0.018-0.033
Camp Fufi (D-12) 0.011-0.028] 0.012-0.035 | 0.012-0.024 | 0.009-0.017 | 0.009-0.015
Twakani MCAS (D-13) | 0.002-0.004] 0.002-0.005 | 0.002-0.003 | 0.001-0.002 | 0.001-0.002
Sascbo NB (D-14) 0.002-0.005| 0.002-0.007 | 0.002-0.004 | 0.002-0.003 ] 0.002-0.003

Note: dose in millisievert (mSv) is 10 times the table entry

“Table 38. Range of thyroid doses (rem) to children at nine DARWG locations

N Age Group

DARWG Location (No.) Otoly |>lyto2y|>2yte7y [>Tyto12y|>12yto17y
Misawa AB (D-1) 0.003-0.014 | 0.004-0.015 | 0.004-0.011 | 0.004-0.009 | 0.004-0.008
Hyakuri AB (D-6) " 0.77-2.3 0.77-2.7 'A0'.76—1.7 0.46 1.0 0.47-0.96
Yokota AB (D-8) - 0.41-1.2 0.4-14 0.41 —0.88 0.24-0.54 0.25-0.51,
Akasaka Press Center (’D—Q)’ - 0.40-1.2 0.4-1.4 0.40-0.86 | 0.24-0.53 | 0.24-0.50-
Atsugi NAF (D-10) 0.34-0.99 0.37-1.2 0.38-0.77 0.22-0.47 0.23-0.41
Yokosuka NB (D-11) " 0.34-0.99 0.37-1.2 | 037-0.77 0.22-0.46 0.23-0.41
Camp Fuji (D-12) 0.15-0.46 0.18-0.60 0.18-0.36 0.11-0.22 | 0.11-0.189
Iwakuni MCAS (D-13) 0.023-0.067 | 0.026-0.087 | 0.026 -0.053 | 0.016-0.033 | 0.016-0.028
Sasebo NB (D-14) 0.029-0.085 | 0.034-0.1 1 10.033-0.067 | 0.02-0.042 | 0.021-0.035

Note: dose in millisievert (mSv) is 10 times the table entry
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Table 39. Range of whole body effective doses (rem) to adults and humanitarian
relief individuals at 13 DARWG locations

Age Group
DARWG Location (No.) Adult Hﬁman?t‘a_r_ian

Relief
Misawa AB (D-1) 0.003-0.006 0.006
Sendai. Airport (D-2) ' 0.043-0.10 | 0.12
City of Ishinomaki (D-3) 0.028~0.068 0.079

City of Yamagata (D-4) 0.017-0.035 0.036 .
Hyakuri AB (D-6) 0.030-0.067 ~ 0.075
City of Oyama (D-7)' 0.033-0.076 0.087
Yokota AB (D-8) ) 0.024-0.051 0.055
Akasaka Press Center (D-9). 0.019-0.042 0.046
Atsugi NAF (D-10) 0.018-0.037 0.039
Yokosuka NB (D-11) 0.015-0.031 0.033
Carp Fuji (D-12) 0.007=0.014 0.015
Twakuni MCAS (D-13) 0.001-0.002 0.002
Sasebo NB (D-14) *0.001=0.003 0.003

Note: dose in millisievert (mSv) is 10 times the table entry

Table 40. Range of thyroid doses (rem) to adults and bumanitarian
relief individuals at 13 DARWG locations

i Age Group
DARWG Location (No.) Adult Humani.tarian
. Relief

Misawa AB (D-1) 0.003-0.007 0.007
Sendai Airport-(D-2) 0.38-0.98 1.2
City of Ishinomaki (D-3) 0.14-0.4 0.5
City of Yamagata (D-4) 0.19-0.42 -0.45
Hyakuri AB (D-6) 0.35-0.86 1.0
City of Oyama (D-7) 0.38-0.97 1.1
Yokota AB (D-8) 0.19-0.45 0.53

. Akasaka Press Center (D-9) 0.18-0.44 0.52
Atsugi NAF (D-10) 0.16-0.37 041
Yokosuka NB (D-11) 0.16-0.36 0.4
Camp Fuji (D-12) 0.078-0.17- 0.18
Twakuni MCAS (D-13) 0.011-0.025 = 0.027
Sasebo NB (D-14) 0.015-0.032 0.034

Note: dose in millisievert (mSv) is 10 times the table entry
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6.2 -Comparisons with Dosimetric Measurements
6.2.1. Personnel Dosimetry

Personne] dosimeters were issued to individuals who were determined to have a potential
fof exposure to external radiation in performing their duties, such:as assistance in humanitarian
relief, entrance into.the warm or hot zones, or as a routine requirement of their duties
(occupations). The latter groups included nuclear trained individuals and medical individuals
working with radiation sources. As discussed Appendix D-2, a few lessthan 3,200 personnel
dosimeters had reported doses. The majority of those dose results (59.2 percent) were reported as
zero Tem, and almost all (99.6 percent) were reported as 0.025 rem (0.25 mSv) or less. These
results compare favorably with the range of doses for the external component for adults reported
in Table 35. Additional details of the personnel dosimetry process and results are in
Appendix D-2.

6.2.2. Internal Monitoring

Almost 8,400 individuals were evaluated using internal monitoring (IM) for
radionuclides deposited in their bodies. Individuals were selected for IM based on their potential
for intake of radioactive materials during the response efforts. The evaluations‘were conducted in
two phases, which scanned individuals with potential for exposure during Phase 1, and
individuals who volunteered for scanning for various reasons, but mostly from concerns for their
well-being. The total number evaluated was 8,380 with 8,225 in Phase I and 155 in Phase 2.
Approximately 2 percent (183) of those monitored were found to exceed the IM instrumenfs
minimum detectable amount, and the highest comrhitted effective dose 0£0.025 rem (0.25 mSv)
frominternally-deposited radioactive materials. Details of the IM methdds, procedures for
selecting individuals for IM, and results are discussed in Appendix D-3.

6.3 Comparisons with other Radiological Events

The International Nuclear and Radiological Event Scale (INES) provides a standard for
comparing nuclear and radiological events (IAEA, 2008). To date only two events have been
rated as 7 - Major Accident; the Chernoby! event in 1986 and the FDNPS event in 2011. The
Three Mile Island event near Harrisburg, Pennsylvania that occurred in 1979 was rated as
5 - Accident with Wider Conseduences. The INES scale (See Figure 58) is intended to be
logarithmic; each increasing level represents an event approximately ten times more severe than
the previous level

Although Chernobyl and FDNPS both received an INES rating of seven, they differed in
mortality outcomes. The Chernobyl accident caused the deaths of 30 power plant employees and
firemen within a few days or weeks, including 28 deaths that were due to radiation exposure, and
several thousand projected radiogenic deaths over the lifetime of the exposed population (WHO,
2006). Although some FDNPS workers were killed due to the tsunami, no deaths occurred due to
acute radiation exposure, and lifetime radiogenic death projections are projected to be negligible
(Harmon, 2012).
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