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Introduction

There are gaps between individual doses obtained by glass badge
dosimeters and the individual doses estimated by the simple model
(proposed by the government).

Complicated dose quantities and units for radiation protection caused
confusion among the general public and even among experts and
regulators.



The structure of radiation protection quantities and
units is complicated and difficult to understand

Physical quantities
- Fluence, ®

Operational rule 2

- Kerma, K
- Absorbed dose, D
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Introduction

There are gaps between personal doses obtained by glass badge
dosimeters and the individual doses estimated by the simple model
(proposed by the government).

Complicated dose quantities and units for radiation protection caused
confusion among the general public and even among experts and
regulators.

To lessen the anxiety of the general population in Fukushima and make
decision on returning the restricted areas, it is important to correctly
understand and assess realistic personal doses.

For adopting appropriate countermeasures, it is important to identify
when, where, and how much external exposure occurs and to
quantitatively relate personal dose and air dose to different activity
patterns of individuals living in Japanese-style homes.



Study Objective

The primary goal is to establish a sound and pragmatic approach to assess

and manage the external exposure of individuals in the affected areas in
Fukushima

In the present study, we use a new personal dosimeter (D-shuttle) along
with a global positioning system (GPS) and geographical information system
(GIS) to relate personal doses with activity patterns and air doses (airborne
and car-borne monitoring surveys).
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Communicate and consult with local stakeholders

I This Presentation

Communication

Model o

Development

Decision-making

I : 4

Validation and verification

Given the air dose rates and activity-patterns, what is the expected (cumulative) personal dose ?
\ What is the remediation goal to be able to achieve personal dose of XX mSv/y considering activity-pattern?
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This study was approved by the Committee for Ergonomic Experiments in the AIST.
Written informed consents were obtained from all subjects prior to conducting the study.



Relating personal dose with activity patterns and

air dose rate

Study period: approximately 7 - 14 days

® Personal external exposure
—  D-shuttle (hourly dose)

® Location and activity-patterns of
individuals

—  GPS receiver and time-activity diary

® Air dose rate
— Airborne monitoring survey and car-
borne monitoring survey
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New Personal Dosimeter
- D-shuttle-

® Developed by AIST, and produced by Chiyoda Technol. Inc.
v’ Long battery life: 1 year
v’ Monthly, Daily and Hourly dose trend
v’ Light and compact size
v Designed to detect gamma-ray

® D-shuttle has already been used for several municipalities in Fukushima




Specifications

» Dosimeter
Radiation detected
Calibration
Detector
Measurement range
Alarm
Memory
Power
Battery life
Size

Mass

Delivery system

Gamma-ray

Calibrated by *"Cs gamma-ray
Silicon semiconductor

Total dose : 0.1uSv to 99.9999mSv
The LED in the dosimeter will flash to report high dose rate
Record hourly dose

One lithium battery (with special connector)

Approx. 1 year (when dose is read with indicator twice a day)
Approx. 68mm(H)x32mm(W)x14mm(D)

Approx. 23g

Dose is set to zero when dosimeter is shipped out from our
calibration facility

Chiyoda Technol. (2013)



Readout from D-shuttle

Hourly Readout
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GPS and Time-Activity Diary

i-gotU GT-600 Time-activity and
(MobileAction Technology, Inc.) location diary
Set to record latitude and

T®HHAER

longitude
every 5 seconds

()
#BEENo. GPS No.

E&:

(RALoE®)]

uHTERPR (RPY-ISE)-ROY) TEIC, MTELRBSHEREDTRRMLTUZRL,

u KEOTFICD, @ BOB/SERD, (& HMaa) MIC BEEMOE 218
BALTURW,
BADLES, ®R, LI-NEOBER O LBEFIT

W L]
WA | 6
JARRRRN

A8

I
e ®

W
-l ’ !
A (BB i o

®
i

=5
CZ]

For
@

B




Integration of personal dose, air dose (ambient
dose) and time-activity patterns using GPS/GIS

Hourly Personal Dose Ambient Dose

(Airborne monitoring)

(D-shuttle)
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Examples of Personal dose profiles obtained by D-shuttle
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» Personal dose profiles vary depending on activity patterns
= and locations of individuals. -
— D-shuttle provides reliable information for residents to 3
- understand the radiation situation in their daily life. 3]
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Examples of the comparisons between personal dose rate and air dose rate
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Spatial-temporal radiation exposure assessment using D-Shuttle with GPS/GIS
technologies allowed for identification of peak exposure locations/times.



Examples of the relative source contributions
to the cumulative personal dose
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|dentifying source contributions to the total external doses are
important in determining effective reduction measures



Relationship between additional personal doses
and corresponding air doses for individuals

Expressed as hourly dose on average of entire study period
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Additional personal doses obtained by D-shuttle were 22% on average of the corresponding
cumulative air dose based on the airborne and car-borne monitoring surveys.

* Consider BK dose of 0.052 uSv/h for personal dose



Relationship between location-specific personal doses
and corresponding air doses for individuals

Home - Agricultural Activity
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External Dose Estimation Tool
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Summary

D-shuttle is a good communication tool, and assessment tool as well.

D-shuttle along with GPS and GIS technologies provides useful information
to improve the understanding of the relationships among personal dose,
and areal air dose and activity patterns.

For the majority of study volunteers, the exposure from staying at home
accounted for more half of the total cumulative dose (Even the peak
exposure doses may be observed in hours staying outdoor)

For some study volunteers who received higher personal dose, the
exposure from outdoor activity such as a work in orchard contributed
greatly to the total cumulative dose

Personal doses obtained by D-shuttle were 22% on average of the
corresponding cumulative air dose based on the airborne and car-borne
monitoring surveys.



Some Dilemmas

€ Can you provide some solutions to reduce individual dose based
on measurements ?

Internal dose -> Selection of food items, self-directive measure is possible
External dose -> Decontamination, change life-style. societal support is usually
needed

€ Decontamination strategies are not linked to the personal dose
measurements because of vertically-segmented administrative
system in the government

¢ Differences between personal attitudes toward measurement data
When showing own measured dose data, some feel relieved and
some feel uneasy.

€ Spell of 1 mSv/year (or 0.23 uSv/h)
“Standards are devices to keep the lazy mind from thinking”
William Thompson Sedgwick (1855-1921)

Limited discussions regarding “acceptable risk”
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