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Industrial X-ray Exposure Incident in Japan (INES Level 3)

*In May 2021, two workers inspected a fluorescent X-ray adhesion meter (50 kV,
40 mA) at a steel plant.

*The X-ray equipment shutter left open, the equipment power on.
*The workers believed the shutter was closed, entered the irradiation room.

*Estimated dose: one worker received 400-500 mGy; the other received less than
100 mGy (by biological dosimetry).

*They had non-fatal symptoms such as erythema on their arms and faces.

*The incident is INES Level 3 (serious incident).
(https://www-news.iaea.org/ErfView.aspx?mld=807e96d9-70c9-4701-bfc5-f5d634f771b0)

3

Industrial X-ray Exposure Incident in Japan (INES Level 3)

Primary cause : The workers were unaware that the X-ray beam was
active when they entered the irradiation room.

Contributing factors:
* No regulatory requirement for interlocks on X-ray equipment under 1MeV.

* No mandatory use of personal dosimeters (APDs) during inspection.

» One worker was qualified as an X-ray safety supervisor but was not officially
assigned that role.

* Fluorescent X-ray equipment were not covered by mandatory safety education.

4
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Timeline of Actions After the Incident

June 2021
* Immediately after the incident, the Ministry of Health, Labour and Welfare

(MHLW) instructed to conduct self safety inspections.

July 2021 - May 2023
» The Japan Health Physics Society (JHPS) established a working group to examine

the incident and background issues.
» Three subcommittee reports were published with recommendations for
regulatory improvements.

February — August 2024
* MHLW held four expert meetings to discuss regulatory revisions based on JHPS

recommendations.
April 2024 -
* MHLW launched the research on effective education for X-ray safety

supervisors and workers, with experts.

Key Discussion Points for Regulatory Revision

The MHLW identified the following key points for discussion in revising the Ionizing
Radiation Regulation:

1.Structural standards for automatic warning and safety devices on X-ray equipment
2.Roles and responsibilities of X-ray safety supervisors

3.Education and training for X-ray workers and X-ray safety supervisors

4.Clear identification of controlled areas for X-ray use

5.Support systems for business operators and industry associations

These points were based on expert discussions and recommendations from the
Japan Health Physics Society, following the 2021 radiation exposure incident.
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Comparison of Safety Requirements for X-ray Equipment (1/5)

OComparison of Alarm Devices
m Current Regulation | IAEA SSG-8 m Proposed Revision
Alarm Required only for 8. IRRADIATOR Visual and audible  Automatic alarms
devices devices over 150 DESIGN alarms required required for 210
kV. Alarm during before and during  kV.
operation is 8.25-8.27: X-ray emission.
mandatory; pre- Visual/Audible (9.42(c)(d), 10.28— Use visible/audible
operation alarmis  Alarms in Radiation 10.30) signals—preferably
recommended. Rooms both.
8.43-8.45: Ongoing alarms
Irradiation Status recommended, not
Indicators and mandatory.
Alarm Signal
7
7

Comparison of Safety Requirements for X-ray Equipment (2/5)

OComparison of Alarm and Safety Devices

m Current Regulation | IAEA SSG-8 m Proposed Revision

Safety Not required for 8. IRRADIATOR Mandatory for The equipment
devices devices under DESIGN high-risk devices. must be equipped
1,000 kV. Emergency stop with either
8.15-8.16: required. (9.42(g), interlocks or other
Interlock ensures 10.25-10.27, appropriate safety
safe access. 10.33) devices 210 kV.

8.19-8.20: Alarm
and key control.
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Comparison of Safety Requirements for X-ray Equipment (3/5)

OAlternative Safety Measures and Dosimetry
Current IAEA SSG-8 IAEA SSG-11 Proposed Revision
Regulation
Alternative Not specified 9. TESTING AND Radiation monitors Prior procedures
Measures MAINTENANCE OF must be carried and X-ray safety
When EQUIPMENT when entering supervisor
Alarms/Int controlled areas. approval required.
erlocks 9.23: Bypass needs (10.37-10.38)
Disabled written approval. Mandatory use of
personal
9.24: Use shielding dosimeters with
and monitoring alarms (APDs).
tools.
9
9

Comparison of Safety Requirements for X-ray Equipment (4/5)

ORole of X-ray Safety Supervisors

Current IAEA SSG-8 Proposed Revision
Regulation

Safety Focused on 4. PRINCIPAL Clear Defining the
supervisor equipment ELEMENTS OF responsibilities and supervisor’s role
role operation PRACTICES leadership in safety and approving
culture. (2.1, 2.4) procedures for
4.24: Appointed non-routine tasks
radiation safety like testing and
officer maintenance.

4.30: Supervises
and verifies worker
safety

10
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Comparison of Safety Requirements for X-ray Equipment (5/5)

OEducation Requirements

m Current Regulation | IAEA SSG-8 m Proposed Revision

Special Mandatory once, 4. PRINCIPAL

Recommended for

Mandatory for all

Education only for X-ray ELEMENTS OF all radiation X-ray workers — at
radiography tasks ~ PRACTICES workers. Periodic least once after
after initial refresher training initial assignment.
assignment. 4.39: required. (5.1-5.8)

Training tailored to
job roles.
1
11

Future Initiatives for Safer X-ray Equipment Management

Key Points:
*Led by: MHLW JAPAN

*Focus:
 National regulatory frameworks

To enhance the safety and management of industrial X-ray equipment,
the MHLW JAPAN is conducting an international study.
This study focuses on the regulatory systems and education programs
for X-ray workers and safety supervisors in IAEA member countries.

*Goal: Strengthen safety and regulatory practices

*Approach: Comparative international research

* Education and training systems for industrial X-ray user

12
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Future Initiatives for Safer X-ray Equipment Management

To effectively implement regulatory frameworks at the workplace level,
appropriate education and training are essential, so there is a need to
develop suitable education programs.

Culture and perspectives differ depending on the country,
so optimal education systems are also different.

€ We aim to gather information on each country’s situation and reflect it in
Japan’s education framework.

@ We also hope to share the information and raise the global safety level of
the industrial X-ray field.

We are conducting an international survey

13

International survey for effective education on X-rays application

Purpose
1. To know the system of safety education on industrial X-rays in each country.
2. To know the way to manage industrial X-ray equipment for safety.

Target
IAEA member countries
2~3 adequate experts/country * region
Get answers about the regulatory situation of each country
=Respondents are asked to answer on behalf of their country

Example Questions
»How many hours of education and training are required?
»Who should be received education and training?

14
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International survey for effective education on X-rays application

This survey has received support from the IAEA team.
= It led to this presentation at RASSC58 and is being conducted
through the ALARA network.

Surveys have already begun in Korea and Canada.

kr Korea ca Canada
Reason: Cultural similarities with Japan; Reason: Regulatory information is publicly
advanced in IT. accessible; laws differ by province and territory.
Survey Results: Survey Results:
v More than 18 hours of Education required | v Reference to Health Canada guidelines
v Government provides official education varies by province
materials v' Regulatory frameworks are decentralized
and region-specific

15

We kindly ask for your cooperation
in completing the survey

Response to online questionnaire
https://forms.office.com/r/8JU37aZduG
Select the answer
Estimated answer time : 5-10 min

Our hope
*We kindly ask for your cooperation in completing the survey.
*Since regulations and education systems vary significantly across
countries, we hope this survey will serve as a starting point for
international discussion.

16
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Japan experienced a serious X-ray exposure incident (INES Level 3).

*Regulatory revisions are currently underway, aligned with IAEA SSG-
11.

*The global enhancement of safety education, training, and
management for industrial X-ray requires international collaboration.

*We kindly ask for your cooperation in our international survey.

17

Thank you!

18
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Survey of the international situation of
education and training for industrial
X-ray radiation workers

Yu IGARASHI, Project Asst. Prof., PhD

The University of Tokyo

Expert team of the research on effective
education for X-rays safety
supervisor and workers

Industrial X-ray Exposure Incident in Japan (INES Level 3)

*In May 2021, two workers were exposed to X-ray when inspecting a fluorescent X-ray
adhesion meter (50 kV, 40 mA) at a steel plant.

*The X-ray equipment shutter was left open, the equipment power on, however the workers
believed the shutter was closed and entered the irradiation room.

*Estimated dose: one worker received 400-500 mGy; the other received less than 100 mGy.
*They had non-fatal symptoms such as erythema on their arms and faces.

*The incident is INES Level 3 (serious incident).
(https://www-news.iaea.org/ErfView.aspx?mld=807e96d9-70c9-4701-bfc5-f5d634f771b0)

To enhance the safety and management of industrial X-ray equipment, the
regulatory body and expert team of Japan are conducting an international survey

2
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Survey of the international situation of education and training

Purpose
1. To know the safety education systems for industrial X-rays in each country.
2. To know the way to manage industrial X-ray equipment for safety.

Survey method
Target and method: IAEA member countries, Interview and online questionnaire
Question items -30questions-: Regulations of X-ray
X-ray safety supervisor without national license
Initial and Periodic education for X-ray radiation workers

Current result
11 responses received from 6 countries, South Korea, Slovenia, Australia,
Switzerland, United Kingdom and Canada (5 provinces/territories)

Survey of the international situation of education and training

Example response
-South Korea(kR), Slovenia(sl), Australia(Au), Switzerland(cH), United Kingdom(Uk)-

Target of initial education

X-ray Radiation Operation X-ray safety Site Management
worker supervisor supervisor manager level
All SI, AU, UK All UK UK

JAPAN: Only for X-ray radiography worker = all X-ray worker

Target of Periodic education
KR, SI, CH, UK: Same with initial education
AU and JAPAN: Not required
Who should receive the education?
What are the educational contents?
Knowledge, Technique, Safety culture...
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Survey of the international situation of education and training

Education materials provided by government

South Korea Slovenia Australia Switzerland | United Kingdom

Paper and Online Provide Not provide Online Not provide
JAPAN : Not provide

Companies and industry associations make
flexible educational materials that reflect the actual workplace
or
Government make standardized educational materials

To what extent should the government be involved
in educational content?
How to support the safety education by industry associations?

Survey of the international situation of education and training

Radiation safety regulations for students

South Korea Slovenia Australia Switzerland United Kingdom
Same with Same with No regulation Same with Same with
radiation worker | radiation worker (Guide) radiation worker | radiation worker

Case of JAPAN: No regulation, Regulations are applied only to “Worker”
Self management by each organizations

Students frequently join and leave organizations
How to keep the education level and safety of students?

We hope this survey will serve as a starting point for international
discussion to raise the global safety level of the industrial X-ray field
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Safety Education and Training for
Industrial X-ray Workers

(Preliminary) Result of International Status Survey
and Future Scope from Viewpoint of Japan

Takeshi IIMOTO, Yu IGARASHI, Lisa AKAHIRA,
Atsushi ENOMOTO, Keiji ODA, Munehiko KOWATARI

JAPAN

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

1

Agenda

® Background
v Industrial X-ray Exposure Incident in Japan (INES Level 3)
v Official Activities of Japanese Regulatory Body and Academia
v" Key Discussion Points for Regulatory Revision

® Current Status
v' Comparison of Safety Education Requirements for X-ray
Equipment (Japan vs IAEA) as of 2024
@ International Survey

v Survey for Effective Safety Education on X-rays Application
v International Survey for Future Initiatives on Safer X-ray

Equipment Management UTokyo, Japan
v" ‘We still welcome you to join our survey v Compre’hensive Remaining

v" Example of Preliminary Results / Challenges, Including Safety
® Future Scope from Viewpoint of Japan \ e

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

2

( Revised Regulation, Promulgated\
v Education and Training

v' “New” Special Training'Regulations
v Graded Approach Example in
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(INES Level 3)

a fluorescent X-ray adhesion meter
(50 kV, 40 mA) at a steel plant.

while the equipment power on.

closed, entered the irradiation room.

Industrial X-ray Exposure Incident in Japan

L
o

The dsan Conference on Salety and Education n Liberaten)

® |n May 2021, two workers inspected ® Estimated dose: one worker received

400-500 mGy; the other received less
than 100 mGy.

® The X-ray equipment shutter left open, ® They had non-fatal symptoms such as

erythema on their arms and faces.

® The workers believed the shutter was ® The incident is International Nuclear

and Radiological Event Scale (INES)
Level 3 (serious incident).

https://www-news.iaea.org/ErfView.aspx?mld=807e96d9-70c9-4701-bfc5-f5d634f771b0

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

Official Activities of

® June 2021

Immediately after the incident, Ministry of
Health, Labour and Welfare (MHLW)
instructed to conduct self safety inspections.
® July 2021 - May 2023

Japan Health Physics Society (JHPS)
established a special working group to
investigate relating incidents. Three reports
were published with recommendations for
regulatory improvements.

Japanese Regulatory Body and Academia

® February — August 2024

MHLW established a special committee and
held four times expert meetings to discuss
potential regulatory revisions, based on JHPS
recommendations. = Key Discussion Points
® April 2024 - (continuing)

MHLW launched the research on effective

education for X-ray workers and safety

supervisors, following the above committee.
® October 2025
The revised regulation was promulgated.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Key Discussion Points for Regulatory Revision m

The MHLW identified the following key areas for discussion
in revising the lonizing Radiation Regulation:

The A Cnberc on Skt 2o oo Lty

1. Structural standards for 4. Clear identification of
automatic warning and safety controlled areas for X-ray use
devices on X-ray equipment 5. Support systems for business

2. Roles and responsibilities of X- operators and industry
ray safety supervisors associations

3. Education and training for X-
ray workers and X-ray safety
supervisors

These points were based on the expert discussions and recommendations from the JHPS,
following the May-2021 radiation exposure incident.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

Current Proposed
JPN Regulation JPN Revision

Special Mandatory once, 4. PRINCIPAL Recommended for  As of Expert MTG

Education only for X-ray ELEMENTS OF all radiation

for radiography tasks  PRACTICES workers. Periodic ~ Mandatory for all

Workers after initial refresher training  X-ray workers — at

assignment. 4.39: required. (5.1-5.8) least once after
Training tailored to initial assignment
job roles. with graded
approach

a2a

Comparison of Safety Education Requirements
for X-ray Equipment (Japan vs IAEA) as of 2024

T i s o oty adEocin k)

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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International Survey for Future Initiatives on

Safer X-ray Equipment Management ac
® To enhance the safety and ® This survey mainly focuses on thvt'ammsm

management of industrial X-ray A) national regulatory systems and

equipment in Japan, the MHLW B) education programs for X-ray workers

supported by an expert team is now and safety supervisors

conducting an international survey in the UN-IAEA member countries.

study.

We asked the strong cooperation to the UN-IAEA RASSC members
in the 58" MTG in May 2025, through the ALARA network.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

You can see all questionnaires through the following URL.
We still welcome you to join our survey.

ACSEL

T dsian Corderenceve Safty and Euation o abora'er

Response to online questionnaire
https://forms.office.com/r/8JU37aZduG
Select the answer

Estimated answer time : 5-10 min

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Does your regulation require the implementation of initial education and training for X-ray radiation workers?

Who is required to receive initial education and training among X-ray radiation users according to your regulation?

How many hours of initial education and training are required for new X-ray radiation workers in your regulation?

What is the required content of initial education and training for new X-ray radiation workers in your regulation?

Are there any difference of the initial education and training for new students using X-ray in your country, as distinct from
radiation workers?

Does your government (regulatory body, etc.) provide initial education and training materials for new X-ray radiation workers?
Does your government (regulatory body, etc.) issue certificates of completion or result for initial education and training for new
X-ray radiation workers?

Does your government (regulatory body, etc.) keep the initial education and training record of new X-ray radiation workers?
Does your regulation require the implementation of periodic education and training for X-ray radiation workers?

Who is required to receive periodic education and training among X-ray radiation users according to your regulation?

How many hours of periodic education and training are required for X-ray radiation workers in your regulation?

What is the required content of periodic education and training for X-ray radiation workers in your regulation?

Are there any difference of the periodic education and training for students using X-rays in your country, as distinct from general
radiation workers?

Does your government (regulatory body, etc.) provide materials for periodic education and training of X-ray radiation workers?
Does your government (regulatory body, etc.) issue certificates of completion or result for periodic education and training for X-
ray radiation workers?

Does your government (regulatory body, etc.) keep the history of periodic education and training for X-ray radiation workers?
Does your regulation require X-ray safety supervisors with national license for using X-ray irradiators?

What is required to be X-ray safety supervisors in your country?

Does your regulation require the implementation of periodic education and training for X-ray safety supervisors

What is required for periodic education and training to be X-ray safety supervisors?

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Example of Preliminary Results of
International Survey from some countries

«x Korea Responses from
Cultural similarities with Japan; advanced in IT. South Korea(KR), Canada (CA)
Slovenia(Sl), Australia(AU),
Survey Results: Switzerland(CH), United
v More than 18 hours of Education, required Kingdom(UK), ... as of now
v Government provides official education materials ‘

c» Canada

Regulatory information is publicly accessible;
laws differ by province and territory.

Survey Results:
v' Reference to Health Canada guidelines varies by
province
v' Regulatory frameworks are decentralized and
region-specific

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Example of Preliminary Results gy
- Japan vs Korea (focusing on weak-points of Japan) et
Regarding Education and Training Japan Korea R
Distinction between
medical and industrial purposes YES R
Distinction between S NG

students and general workers

. Transmission
Enhancement of education for

. . di hy devi All devi
non-destructive testing radiograpny deviety e
only
Provision of standard materials NO YES
National f
atlpna manage.ment o NO VES
education and training records
National certification for Partially required Partially required
managers/supervisors (controlled areas) (Non-destructive testing)
Periodic training for NO Partially required
managers/supervisors (Non-destructive testing)

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

One of Examples of Preliminary Results

- Japan vs The Other Countries
(focusing on Provision of national standard materials)

National
Standard Materials
Paperdocument NO YES NO YES NO NO NO

Online material NO YES NO NO NO YES NO

KR CA | AU CH UK

® Companies and industry associations make flexible educational materials to
match the actual workplace
or
® Government makes standardized educational materials

v’ To what extent should the government be involved in educational content?
v How to support the safety activities by industry associations?

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Future Scope from Viewpoint of Japan

On 29 October 2025, the revised regulation was promulgated.

Main key points of revision are;

® The installation of automatic alarm devices
mandatory for all specified industrial X-ray equipment
(devices with a rated tube voltage of 10 kV or higher
based on peak-to-peak voltage).

® The installation of foolproof safety devices—such as
interlocks, safety lock keys, or irradiation stop devices
linked to limit switches—to prevent unintended
accidental exposure is mandatory for all specified
industrial X-ray equipment.

® X-ray Work Supervisors and Gamma-ray Radiography
Work Supervisors must ensure that the operator takes
necessary measures, such as stopping the use of the
device, when the automatic alarm system
malfunctions. They must also establish work methods
to minimize radiation exposure for radiation workers
and supervise them accordingly.

T B S

is ® X-ray work Supervisors must ensure that fool-proofing

measures are in place during the use of X-ray
equipment. In the event of a malfunction in these
safety devices, the supervisor must ensure that the
safety devices operate effectively and that the
operator takes necessary measures, such as stopping
the use of the equipment itself. Additionally, during
inspections, the supervisor must verify that these
measures are being properly implemented.

Special training for workers of X-ray or gamma-ray
irradiation equipment, which was previously limited to
“transmission radiography operations,” has been
expanded to cover all operations involving these
devices, if those show potential risk of exposure to
workers.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

Future Scope from Viewpoint of Japan
- Education and Training

Graded Approach

ZEEEE

o~ B]

e

s2@EM

v' MHLW is now developing new national standard
education movies and PPTs for various industrial
areas, supported by experts.

v’ These materials for both workers and
managers/supervisors will be officially opened by
the end of March 2026.

At
aC

L =
The dsian Conderenceon Saety and Education mLaboraten

<New Regulation>
Expansion of Work Subject to Special Training
® Special training for X-ray equipment or gamma-ray

irradiation equipment was previously limited to
“transmission radiography work.” It has now been
expanded to cover all work involving the handling of
these devices.

However, this does not include work involving the
use of equipment where the controlled area exists
only inside the device and the device is constructed
with shielding to prevent all or part of a worker's
body from entering the interior during X-ray or
gamma-ray irradiation (so-called box-type
equipment). But general safety education for all
workers is always necessary.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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“New” SpECiaI Training RegUIationS for workers with possibility of exposure
for Handling X-Ray Equipment and Gamma-Ray Irradiation Equipment

Subjects
Knowledge of work methods
related to handling X-ray equipment
or gamma irradiation equipment

Knowledge regarding the structure
and handling methods of X-ray

equipment or gamma ray
irradiation equipment

Effects of ionizing radiation
on living organism (Human)

Relevant laws and regulations

MM

ArcHEl

Scope Hours ,

Work procedures, ionizing radiation measurement, radiation exposure prevention methods,
and accident response measures

1.5

For those performing work involving the handling of X-ray equipment, the followings: Principle
of X-ray equipment; structure and function of X-ray tubes, high-voltage generators, and
controllers in X-ray equipment; operation and inspection of X-ray equipment

15

For those performing work involving the handling of gamma-ray irradiation equipment, the
followings: Types and models of gamma irradiation equipment, structure and function of
source containers, structure and function of remote-control devices for adjusting the position
of radiation source delivery equipment or radiation sources, structure of radiation sources and
properties of radioactive materials, operation and inspection of gamma irradiation equipment

1.5

Types and characteristics of ionizing radiation; effects of ionizing radiation on cells, tissues,
organs, and the entire body

0.5

The Industrial Safety and Health Act, the Enforcement Order of the Industrial Safety and Health
Act, the Industrial Safety and Health Regulations, and the relevant provisions in the lonizing
Radiation, Radiation Protection Regulations

1.0

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Graded Approach Example in UTokyo, Japan
- Categorization of Devices (AB/CDE+1)

___~Shielded Type

a2a
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THE UNIVERSITY OF TOKYO
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FEZEEARY Un-shielded Type
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Future Scope from Viewpoint of Japan m

- Comprehensive Remaining Challenges, Including Safety Education

The A Corterence on Salety and Educater mLabera'en)

O Increasing the level and rationality of safety management for radiation workers
and fields through the effective application and combination of IT and Al

O Simultaneously optimizing knowledge management and human resource
development for workers and managers/supervisors at various levels, such as
through a graded approach, under combining with OJT

® Harmonization among Legislations/Regulations on Safety Management of
lonizing Radiation

® Needs for National Standards and Guidance Tailored to Industry Characteristics

® Clarifying the Definition of “Workers”

@® Harmonization of Understanding and Efforts Among Stakeholders (Supervising
Authorities, Labor Standards Offices, Workplaces, etc.)

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

Thank You!

Questions?
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Details of the Revised Act
(Japanese only)
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Overview of Radiation-Related Laws in Japan m
P ACSEL

LTI —————

® Multiple Legal Frameworks Govern Radiation Application in Japan

v' Radiation regulation in Japan is governed by multiple laws, each based on its
specific purpose (e.g., occupational safety, medical use, nuclear energy).

v Ministry of Health, Labour and Welfare (MHLW) oversees radiation safety
in workplaces, medical institutions, and pharmaceuticals.

v" Each law has a distinct objective and applies to different stakeholders.
® In Japan, only the Industrial Safety and Health Act regulates
industrial X-ray equipment under 1 MeV.
v" Regulation: Industrial Safety and Health Act only
v' Energy: Under 1 MeV
v' Requirement: Notification only (no license needed)

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

Overview of Radiation-Related Laws in Japan m
[ Atomic Energy Basic Act ‘ Peaceful use of nuclear energy
F — —_— — — —_— — —_— — — —_— — —_— —_— — —_— — — —_— — —_— —_— — —_— — — —_—
| = Reactor Regulation Radiation-generating devices, :
I Act Radioactive isotopes To prevent |
I —_——— radiation hazards I
| Radioisotopes I
| | Regulation Act | :
I I | )
1 | » |
Industrial Safety . Pharmaceuticals and |
:[[ and Health Act LlL‘ Hleelieel CaIE AC JI/ Medical Devices Act I
| Ensuring workers’ | Ensuring access to I Ensuring the efficacy |
safety and health | medical care I and safety of I
| in the workplace pharmaceuticals and I
| | | medical devices

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Future Scope from Viewpoint of Ja
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- Comprehensive Remaining Challenges, Including Safety Education &}—

® Harmonization among Legislations/Regulations
on Safety Management of lonizing Radiation

Not only X-ray equipment, but gamma-ray irradiation
equipment as well is targeted for similar
amendments to special training requirements. Given
that Radioisotopes Regulation Act also applies to the
latter, it is essential that all stakeholders fully
understand the content of the laws, not only from
this perspective but also regarding overlapping or
similar items. These include the training and
education of managers, including chief officers; the
content and duration of user education; the basis for

The A Cnberc on Skt 2o oo Lty

determining the necessity, frequency, and items of
health examinations required due to radiation use;
the retention period for related records; and the
methods and quality of on-site inspections by
supervisory administrative authorities. Furthermore,
while clarifying the background and rationale for
each law and respecting their respective
characteristics, efforts should be made to seek
appropriate alignment with actual field conditions,
aiming to proactively evolve the level and rationality
of regulation and management.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)
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Future Scope from Viewpoint of Ja

- Comprehensive Remaining Challenges, Including Safety Education

® Needs for Standards and Guidance Tailored to Industry
Characteristics

Regarding the operation of the 1.3 mSv/3-month controlled
area boundary, it was noted that inappropriate
interpretations, based on advice from a very small number of
vendors, have become widespread. Concerns from industry
were repeatedly voiced, and some experts from industry area
strongly urged strengthening or revising the relevant
descriptions in the lonizing Radiation Regulations. Specifically,
opinions called for legally codifying the operation based on
dose rate converted from the 3-month-based dose divided by
working hours, or at least strongly recommending this
practice in explanatory notes.

It is understandable that industry, where equipment types
and usage patterns are relatively uniform and workplaces
often involve repetitive daily tasks, would prefer more stable,
standardized regulations and management to be formally and
strongly codified as the standard. On the other hand, in

pan

. ) . . watrt‘;ww_m!jdmnm
research and educational institutions, not only is there a

diversity of equipment, but the frequency and methods of
use can change daily, even within the same workplace. If
bound by time-based dose rates, it becomes difficult to
effectively utilize the equipment's features, and there are
likely many workplaces where the very purpose of use cannot
be fulfilled.

As this example illustrates, the realities of industries and sites
are clearly unique. Beyond a certain level, achieving high-
quality and rational on-site management through uniform
regulations becomes difficult. Therefore, as a general
principle, rather than requiring such content by law, we
believe that promoting efforts to develop and horizontally
deploy standards and guides appropriate for each industry,
field, and site—while utilizing advice and support from
relevant organizations, academic societies, and supervisory
authorities —directly contributes to fostering and sharing a
safety culture.

The 12th Asian Conference on Safety and Education in Laboratory (ACSEL 2025)

49




’

2

~

Future Scope from Viewpoint of Japan
- Comprehensive Remaining Challenges, Including Safety Education

® Clarifying the Definition of “Workers”

In research and educational institutions, the application of
Industrial Safety and Health Act to students is always a point
of contention. While it is self-evident and beyond doubt that
Industrial Safety and Health Act does not apply to students,
who are not workers, given its linkage to the Labor
Standards Act, it is difficult to imagine society accepting a
situation where faculty and students within the same
organization are subject to different levels of management.
On the other hand, how to manage students—who are
numerous, have high turnover, and, recently, include
dramatically increasing numbers of international students
(who may not understand Japanese at all)—remains a long-
standing and still very challenging issue in this field.
Furthermore, student diversity has increased, encompassing
not only so-called pure students but also Teaching Assistants
(TAs), Teaching Fellows (TFs), Research Assistants (RAs),
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Student Assistants (SAs), and even individuals concurrently
serving as Specially Appointed Researchers or Specially
Appointed Assistant Professors. The reality of subsidies and
grants for their studies varies widely. Furthermore, the fact
that these periods are often very short or intermittent
complicates the situation. Primarily, if they have an
employment contract with an employer, they would be
classified as workers. However, determining this
classification and its practical application in actual workplace
management is not straightforward. The Ministry of Health,
Labour and Welfare's “Study Group on ‘Workers’ under
Labour Standards Act” is currently debating the definition of
“worker”. While closely monitoring its progress and
outcomes, we aim to continue discussions with relevant
parties to develop better concrete responses and explore
practical implementation on the ground.
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Future Scope from Viewpoint of Japan
- Comprehensive Remaining Challenges, Including Safety Education

® Harmonization of Understanding and Efforts Among
Stakeholders (Supervising Authorities, Labor Standards
Offices, Workplaces, etc.)
Report of the JHPS Working Group states: “From a safety
management perspective, a common understanding among
stakeholders (manufacturers, vendors, users, regulators, etc.,
each under different responsible authorities) regarding
equipment requiring notification under relevant laws and
regulations is urgently needed.” At the very least, the
situation where regional Labor Standards Inspection Offices
make differing judgments on whether notification is required
causes confusion for large facilities or organizations spanning
multiple regions, necessitating an early resolution of this
issue. Some facilities have voluntarily documented their basis
for such judgments and understandings, and their insights
could also be useful references. It would also be effective for
academic societies and industry associations to scrutinize
standards regarding the interpretation and application of

N
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laws and regulations. TR ey S b

X-ray equipment below 1 MeV falls under Industrial Safety
and Health Act but is excluded from the scope of
Radioisotopes Regulation Act. Consequently, the regulatory
intensity for X-ray equipment in this area, governed solely by
Industrial Safety and Health Act, is significantly lighter when
considering aspects such as the role of the Radioisotopes
Supervisor under the Radioisotopes Regulation Act,
provisions for education and training of workers and
managers/supervisors, the existence of preventive
regulations, and the application of regulations to students.
While valuing the graded approach perspective, careful
discussion is needed to determine if there are points
requiring  reconsideration regarding regulation and
management in this area. Regarding inspections, a common
understanding among stakeholders is also needed on the
approach to equipment inspections based on the graded
approach.
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12 50keV LA F) IZBWTREENMK T3 2 4F
PEICERT D EEZBND,

— 5T, HRSHIR L U TR W B K
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P A —% (7 rh 10S-1323[6]) Tix
S-Co & H-150 O CL AR ADHFER
ZITEO LR 5T,
F 7o, EEREROEINCK LT farE
3RO TRWVERRICEEZ R Le, 2
PR OR E R R (EARERER) Ci¢
KANWSNTE T~ HBEONRELE LT
Ty 7 AMBIES 220G T & 2 et 2R
LTHY., 5 8 RIEEHSMI#EER ST
Y ARY T A (ICRP2025) IZBWTHRA K —
WRETST,
(2 =y 7 ABMOBEFERE P RLF—0
BGHIE
O BEAER L -HESR
AREMPFAEIZIIT Dy 7 AR ORRESR
HIEZIE, B = )L & — Rtk oD
ROHBUT OV —_A A—=F A LT,

(7)) HE AE-133B [7]
FRE - EBEER Y — A A —H
()7 a7 1CS-1323 [6]
R - EBEER Y — A A —H
()7 akh TCS-1172 [8]
FEfE : Nal(TD> > F L— 3 vl —
N A—=H
()& LE % Pro [9]
. Csl o FL—Ta KOV
T AR — R A= S

IS B AE-133B 13, M ERaiE o
B 7 4 V2 a2 2 & T, T0pm
B ER /0.07), Smm fRENER H(3)
KOVl em fREMSER H(10) 2 ZF N F A
FATRETH B, IR 2L X —FEIL TIE, [F—
DTy 7 ARG TH-> THEBEYE~D
BRARBA R E B, ARE TITHEL
T 7 AR L DRV X —R D
DRELBRDEBEINDTZH, b =
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TR OO Y i 2 1 L2 BT AT RE 7 A &
BH L, 728, AE-133B LI OH—~o
A—H T lem RELEFEOHLOXMIETH Y |
Frlic7 a2 8 TCS-1172 12>\ Tk, HlE
#PH N K 30nSv/h 5y A — A — O EAl A
HEIZB W T v 7 ZAFUTRER G & &
NTWBER, B TOINEHRZHE L
THEEKI U INZ T2,

Ty 7 ARD T RNX =554 6+ 7L
T AANRY RV) ORIEITIE LU O A
7 haA—=FEfH LT,

(1 )EMF123-0 7 CdTe Jficht A Hi2[10]
f’?% : CdTe (5mmX5 mmX1mm)
SSHREE - 1.5 keV FWHM @ 122 keV

HF TN AART FVOEICH T
STIE, FFET I iHHAEa—F
PHITS [9]1Z W T A7 ba A —Z DN
TISEBIE AR LTz, I, FER S i
AT FUZx L, UMG3.3 =2— K73 v
r—VIZE £ 5 MAXED =2 — K& iz
TUT7 =T 4 v TAE 11T 2 &
T.EBEDT7 NV AARY MV EEH LT,

@ ‘AT Y7 ARRAEEE ORE

BT v 7 AR E o fES (D
) IZBNT, [FZEE (FEHE:25~T5kV,
BRI 1~8 mA) 75 DR A WEREHIE
% I U 7o, AHE Tl RS DR 5
DR E FEETHEL T, ¥ T ATV
RIBGH S — T ORI NBIRANT D=y
I AR LD FHROWIEL 21 E LT,

BELVAT v F&2K 3127, oo
B 71 —7 OMANT AR E H O i
FF AE-133B KON A~ R LIE H O
EMF123-0 % CdTe fit4t#ttizs (2 &)
wERE LTz, WESMHILEEBE 75 kV, &
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it 3 mA & L, FEENEOMRESR A B

T5H7-07 1k 1CS-1323 #HlE LI~ khE
THIEZEIT> 7=,

3 HERE S (226 EMF123-0 4 CdTe
iR g (2 &), AN AE-133B)

IS FABHE AE-133B (C X 25 HIE DR R,
lem FREYER H*(10)1% 0.29uSv/h TH
D, IR R ITERNC LR SR
Teo Fl.ERENTNFTNT U ZAARY
FVE 4 1TRT, AR BIVIRIT ORER
TN R 2L X —1F 50 keV TH
DT ENHEREINT,

- X-ray fluence rata

n w +
o o o

X-ray fluence rate [cm? s
o

%

10 20 30 40 50 60 70 80 90 100
X-ray energy [keV]

X4 BTy 7 ABRRAEIEE DD ORI
Ty T ARD T )L A AT L

2, BRAEENT A @R 5 x5
(2 X o THELERERZT D, %%E-Z%éb
o7 7 v N ATRIEENITHEA LSS, #
HIEDC L 5 EHEROBELNCER LT, I
2Ty 7 Ao EFIL H(10) X

80

0.51pSv/h ~& ERA L7, Z ORI, A
KGR OMERLTARIC K » T A W ER
NEET L2 LR L TRY, EEERC
B2 REEHEOHBERL L THEETH
%o

@ =7 ARG EIE
P L= E

BB ST, a7 ) — MERNDOEK
i % OBRFIRIL 2 R T D 72
v 7 A A AW Te Ty 7 AREIEIE DA <
FIHENTWS, ZOMEEICETHHEL
DOERIE, =27V — MEENS OHGELT
I ARTHDHEEZ B, TDOTFRILF
— ROV AR BIE < BB EORIE
R B2 RIE T et & 5, £ 2T,
TERT v 7 AR EEE G (E 1)
DS EIZB T, EREOIEMIERAEIEE
Ze e U 7o E & S L7z,

B 5T dmEy B GEoa 7 ) —
MR (60cm X 60cm X 20cm) (Zxf L, 1 m
DN DR T v 7 AR AELEE
RIX-200MC ( h— L v 7 #: 3 200kV,
BEN 3mA) ZHAWTT v 7 AR AR L
Toe 227 U— MDD DOEELT v 7 AR
Rl D 72 BRETRE G0 bR 45
%7 1 m OHSERERE L, SEREEIS
FIHAF AE-133B, 7 ICS-1323, 7 &
% TCS-1172 TRET 5 & L BT, KT 7
NV AR Lk EMF123-0 A CdTe
TR AR CHIE L7,

TR DR A

NV AT
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v—*x % | 20cm
X At |
F\nniki74

m

#af (2mm)
KB O MERL

4

AES

X5 HEDEY N7 v

FHSNTmx v 7 AT NI ARRY
FLz 6 (T, AT RV BIZiE
FH DR e O R 2 itk v 7 ZHRD

WMz, #—=7 > M (F T AT
¥) OFET v 7 AR EELIC K DR
TR F—fll~7 FLIzE—7, kD=
Y7V — MR DHEE R LT Sk v
7 ARRO ST SRS ST, MRIT OFE R, 7

VL AR T XL X —(X 65 keV Th o
720
5F ! ]
—_ [ — Scattered X-ray | |
473 253 keV (SROFHEXHR) ]
O 4:
E [ 49.1keV (9VJRTYDERFHEL-D)
V]
© 3 74.9keV (SADFHEXER)
o | \
o
Sl |
g2 “ 84.5keV (SRDHEFIEXER)
= w,,
c I
5.1 | mlJ*
i T
o |
o, | MWHVM‘Y,“ s ]
0 50 100 150 200
Energy [keV]

X6 — v 7 AL AR LTS ox
I AT AANT L

FREFROWERE R AR LIRS, EHEFEX
A A—H[H] (AE-133B L TY ICS-1323)
DI REDZRIT 0T/ EL ZELG
B LTz, £7-. AE-133B ([CXVEFH L
70pm Y &E H(0.07), Smm Y&
FHQ@)KON em frES&FE H(10) Of
WCHRERAEETRD N2 hoTe, —
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ﬁT\Nﬂ@DVV?V%VaVﬁ%%N4
A—% (TCS-1172) O~ ERER
OHIEM (¥ 30 mSv/h) 12k L | pSV/hZI‘
~ﬁ~kw5@@fﬁwﬁ%fbko:n
X, S RROERERT Y 7 AR
TV/%V~V9/@Mﬁ®K@ﬁ%%#
@%%ﬁﬁ%’ﬁﬂk#%f@@ L5

BT 25 HIESEE O EENE & AR
?’T“‘& Lot

#1 Ty ) ARERELEELZREORER

H*(10):  29.5mSv/h
AE-133B H@3):  32.5mSv/h
H(0.07) : 32.5 mSv/h
ICS-1323 | H*(10): 33.2 mSv/h
TCS-1172 | H*(10):  7.92 uSv/h
@ e (RT) 2 L7l
E
VS OB MR I AV & 41 2 FEMR

B (NDT) O T b | Ho #zia il (RT)
1% JIS Z 2305:2024 [ FERIEABR H T & D&

%&U\nun ﬂﬂiéhéﬂfgfiifffﬁ)
V. BLEEIZBT DM RO A b

7T v NMEOREREIZRSEHSATY
% o ABFGETIE, KI5 D RS AR
KA ER COBERAEIZI T HH0E < Fik
ZRE L, JRRe W =% A3 2 e i
Wttt (At R OEER A S (C )
IZB W T RT 1 U 7= £ E % 520 L
77

B 7 225K 10 1IR30 | g & 72
2 BRI EE )k L, pTE OFEEE (1 m
F72120.86m) (TERE LcHEFHT v 7 2
#RFE AL E RF-300EGM (VU 4 7 #H8L : &
FEE 300kV., EEH 5mA) by A
Mra PR Uiz, MRSt FERso RT 1B
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ZFEL L SRR RT U CIREnE R g, B
W2k LTI & Lz,

WS &b | HGELR (BRI 5e8) o
F£E 10 m INZSEAZE IR E LTV 5
FREICA OE EREZ XSRS 10 m H
SIS E LTz, SRESRIEIX. b A HF
AE-133B, 7 =% 1CS-1323, 7 1% TCS-
1172 O 3 M2 HAR & U | 88 O E
TILE LB =TV X Pro bOFH LT-, ¢
7N AART h O HIEIC X
EMF123-0 % CdTe b s tHas & v 7z,

8 WEDE Y b7 v 7 (Hiltk)
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9 BMIEDORRF (BE)

¢ 0.86m/
10m
=

10 PEDE Y b7 v (HE)

Pt RT %5 L 72 AT IV THEM)
N FILAT AR MAEK 11
WZRT, AT MVITIESR DR » 7 A
ME—27 ROE =5y Mt (72T )
DFEPET 7 AR R T 5% G HEL e —
7 SRR ST, RITOFER, 7 v v A
Kz ¥—% 85 keV THo1z,
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- X-ray fluence rata

v

0 50

100 150 200 250

X-ray energy [keV]

X 11 SF D R kR 2 e L 7= IR
BTOIZ vV AT T AARYT hL

300 350 400

FRESROWE R RA K 21077, BHERR
= A A4 (AE-133B }x O* ICS-1323)
I35 80% D AEENFEDHHNT-, AE-133B
&Qwﬁmutﬂmﬂmfﬂmﬁoﬁwm)
ORNITBE 2T ol — . =y 7
ARBIE O FEERE & [FIRRIC, Nal(T1) >
v FL—va Ao TCS-1172 (X EHE
IR L THE LBEWERMEE R LT,

# 2 WROBHEREBRR 2B LR OfRER

- X-ray fluence rata

o
o

-
o

X-ray fluence rate [cm?2 s™']
o 3

o

0 50 100 150 200 250

X-ray energy [keV]

X 12 S0 O KR el 2 e L 7= IR
BTOxZ vV AT LT AARYT F L

300 350 400

PG HE DR ERFER (R 3) TIk, EH
R — A A —Z [ TR T0% D 72H )
U7, AE-133B O & M EY &ix H
*(10)<H (3)<H(0.07) DJEIZEHL 720, &%
KRTHI 10%DED R ST, Eloo AR
ENCBWTE TCS-1172 124, CsI(TDH
YFL—a ROV ar kX E
WABRHY R Pro lZBWTH, EBEEFEAL
PRl U CHERME M < 72 DA ERE S
oo THNDIEEMRELRD IV ABEHI K
% I E w AT OIS B ReE (R 25) DY
BleLrb0EBEZOLND,

* 3 MROBREBAR 2 HE LR OfRER

H*(10):  0.370%+0.006 mSv/h
AE-133B | H(3):  0.380+0.006 mSv/h

H(0.07) : 0.387+0.006 mSv/h
ICS-1323 | H*(10):  0.486*0.006 mSv/h
TCS-1172 | H*(10): 30.0+0.2 pSv/h

eV T, E O RT 24 L7 BEICE

T % AT bR 12 (2R, SR DR E
FERE S D & ST v 7 MY
— 7 L BT AT CHRO%FEEL Y —
DR ISR L BTz, ZAUTIRE Y
F A MY ROBELSRAE OB N Z B LTz b
@T%D-%@#%‘imiyxﬁwm*w
F—L T0keV & Hit DA I AT L
L7,

H*(10):  0.311£0.012 mSv/h
AE-133B | H(3):  0.333+£0.009 mSv/h

H(0.07) : 0.345+0.008 mSv/h
ICS-1323 | H*(10):  0.526=0.006 mSv/h
TCS-1172 | H*(10): 30.0£0.2 pSv/h
AHH AP | H*(10):  21.1%0.4 pSv/h
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® WL EEDO A A b Y OREEME
Ty 7 ARREEER B AR (RT)
IZRE S HHE L FRICB VTR, =y 7 AR
FEATEE O THIZS BDAEL D, ZOFE,
VRS OLECHEE & ORI X > TIER
B)EI2 X< L7 DAREED @V, £ 2T,
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FEmEm A (D ) 2T, =y
AREFE A B E OISR & (FRE 517 O FEREE)
BRSO, ERICBIT AR ERED
EEZHEL, FRREOFKIZI A AR
SRR 5 2 D A FE LT,

13 KO 14 12" 80 . $atk Cam
D3 ER S 72 FEETEE (300 em X 300 cm
X 300 cm) (ZFBWT, #EHF T v 7 A5
A 4:iE RF-300EGM (U 7 #H#d . F&EIE
200 kV, B 5 mA) ZH . AR~
Ty 7 ARERE L7z, BEE S % 60
cm 725 100 cm F TEPERICE (LS, —
EE S ORESICB W TREREZE LT,
] L7z lERIE, ) EMF AE-133B, 7

o ICS-1323, ROVE LEM XU X
Pro TH 5,

FAA—f A —H[# (AE-133B KN ICS-
1323) OFEREIZIEZ, K 30% D ZERNFED
vz,

FEITREAELT WThoRE S
IZB W TH, AE-133B TE#t L 7= &8 Y
213 H(10<H (3)<H(0.07) DOJEIZFEE T
WKL, AT 2 BoENELT, Z0
FR L UCiE, REESEAIK TR S
NTNWB7®, BElT v 7 2Tz THh
A OREZR L e v 7 Zf (L-X
R A 10.5 keV %) SEIREICIRAE L,
T0pm FREY EA~OFF A AICE R L
Tl BZ b5,

T2, BHEE 60cm X80 cm (28
\F 5 BEEER S — A A — X ORI,
FRE R S 100 em OGA & Hik L TR 10%
KT L7, 2 ERIZX LTy 7 R
FRAE ER DSFR R AR IS Bl S e 2
&TUEERB RANERR (B TR & 720 |
BEl= v 7 ZO—H % > b Lo &y
MBI LD b0 LRSS,

F 4 XHEERDE E 60cm DIE O ER

H*(10): 18.4+0.8 mSv/h
AE-133B | H(3): 28.0+£0.6 mSv/h
. H(0.07) : 39.2+0.7 mSv/h
13 MIEDRET i
1CS-1323 | H(10): 24.4+0.1 mSv/h
\ 75¢cm Xis &Ik AFFAP0 | H*(10):  30.4%0.4 pSv/h
_AER % 5 X BUEROE S 80em DA OB
(& X100cm) 60cm~100cm
H*(10):  19.5+0.8 mSv/h
H(0.07) : 37.0+0.7 mSv/h
. 5 - * : -+
14 BEOEy N7 v (EFEEH) ICS-1323 | H*(10): 24.2+0.1 mSv/h
AAFAPro | H*(10):  30.4%0.4 uSv/h

Ty 7 AREERO B B & A 60 cm., 80 cm
KT 100 cm D35 OF R E RS B A
FNENEK 4, £ 5 KO 6 1T~ T, B
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6 X EEROE & 100cm DFE O ER

H*(10):  23.2+0.7 mSv/h

AE-133B
H(3): 30.6 0.8 mSv/h
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H(0.07) : 40.00.6 mSv/h
H*(10): 27.5+0.2 mSv/h
H*(10):  28.7+0.7 pSv/h

ICS-1323
~A4 2 Pro

® MBHTIWEOENIL DAY bV
e OB ZRA~ D A

HIE D THIE D DA A b U B
i BN T, gn DRk > 7 A f (L-X AR
MBI R ES EOFMICKRE LS FET L
REMEDS R S VT2, ZVE ST, FERER A
Stk (EtL) oS EIZE T, X 15128
T KA ) KO T2 ) —h)
WCEBR L, BELEOEWDR T v 7 250
Wy ERA R PR M R B A BERORGE L 72,
Ty 7 AMRFEALEEIL. A & AR
Bl 7 A5 AL E RF-300EGM (U 4
748 EEE 200kV, EEIT 5mA) &
ER LT,

100cm

100cm

[ tiza>sU—+ |

X 15 HEDE Y T v

B 16 KO 1712, shiRk =27 ) —
NRIZANT T 7 AR % IR L 72 BRI2AS
LNTHTF TN AARY FILEIRT,
M OMEIZ L > T, 227 FLDBIRIC
BHE AR BRI N, SROEE (K
16) | K= L F—fHI WV T O R E T
v 7 A8 (WX AR ICHKRT 2 10.9keV &
12,9 keV OB B — 27 BNiER I -,
Z DR RV R OFFEIL, BiEI TR
bz H(10), H@E) LW H(0.07) O

TMEF O B el z MBS R 2 b

DThDH, —H., a7V —MNROYE (X
17) 1T, 20O X5 KRR F—DFNE
— 73RN T | HELC K DT 7 X
MINTERD E > T D,

| [-X-ray fluence rata

X-ray fluence rate [a.u.]

0 50 100 150 200
X-ray energy [keV]

X 16 SRR ~DOH CTHIE SN v 7 &
BRI NT L AZARYT RV

- X-ray fluence rata

X-ray fluence rate [a.u.]

0 50 100 150 200
X-ray energy [keV]

17 227 U — ME~OBE THIE S
oy 7 AR TN AR [ L

R X 7 U — MNR~ORERFZE
T OMERRERS R A, R T ROE IR
o SRR A~DOIRE TIE, BIEI OFE R &[RRI
H*(10)<H (3)<H (0.07) DEIZHRERINK
XL RDLDBENFH I, ZhicxiL, =
7 U — FR~O MBS TIEA Y &M
BERAETAONAT, ZERFOMEZRL
7=

Flo FA—ORFFETH>TH, KiF %
b ar 7 — MIEETHZ LT, #if
R (H(10) ) BERKTH 2 512 RT 5
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MRS L, THUE R E S ORE
WERCIIOEERIN OB G R SN o Ty 7
ZHENRIN STV olcxt L, 227
— kN (BILHEFENE) TlEa v 7 FUBELOHE
HFIRIC R & < 7220 | JE s~ DO HEL
AN R Lo EZOND,

KT PR~ DRI O

H*(10): 18.0£0.6 mSv/h
AE-133B | A(3):  25.00.6 mSv/h
H(0.07) : 31.5£0.8 mSv/h
1CS-1323 | H*(10): 22.2+0.1 mSv/h
TCS-1172 | H*(10): 12.7£0.1 uSv/h
#8 ar s U— MNR~OBRFF O R
H*(10):  42.2+0.7 mSv/h
AE-133B | H(3):  44.7£0.8 mSv/h
H(0.07) : 45.0£0.6 mSv/h
I1CS-1323 | H*(10):  45.8£0.1 mSv/h
TCS-1172 | H*(10):  12.8%+0.4 pSv/h
@ N RoL gt X BT E N D

i & 5 EHE X AROHNE

NV R Rt m v 7 AR M@ 13,

EBIRMELO TR I EITILS FH S TY
B, EOHEMGRED D | BB ESIC L 518
FHREIETL DY A7 PR ENLTV D,
FEHFAE 21T - 1=K F LS L OB RAHIC
BNTH, FZEEIC X 2HEFORITHIE
I T HARLRDOFNE L Mz, &2
T, BEBADRAT 20 Fb ROk
T 7 ARRONTEEE (Thermo Scientific 11
# Niton XLt 797) % FHvy, ZEED O
SNAEFET Y 7 ABONTF TN AR
7 MR O EEEZRIE LT,

YRZELE IS B EWIC L TR
24° OFENCT v 7 AP END, £
DT, X181y | AIERR % FH
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A DY RO FIAICEE L, B2
TEH R T,

& e ™
“1’ >
. ESIma o\ ""4‘.'
S
E. — a4

'?/\\;\ -
X 18 HIEE DT (AT b A —H—)

X191z, FER S BT > 7 Aok
T TNV ARANRY MLERT, AT b
TN, =5y MM THLEY 77 (Mo)
DR v 7 2 — 7 Ok v 7 A
BROO S A0 S BE RS S AT, FRAT ORGSR,
TNT s A L ¥ —T 28 keV TH
D, ZIETICHHE LIRS mA S Ok
By 7 A L I LT L <D 2
WETHDZ EDVH LT,

140

-X- ra\} fluence rata

Y ey
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X-ray fluence rate [cm?2 s
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o o

h
(=3

e
5 10

DC
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X-ray energy [keV]

19 N Ryl Ragde XA i E o |
BEXMOT v 7 AT N AARY N L

30 35 40

FEGTEREE 53 cm (CB T D EEET v 7 Afj
O ERAEFRERER 8 ITRT, ALEED
Ty 7 AT R X — TR RV — oy
DX THDHT-O, 1 ecm HEYNER H
(100 &Y b, 7T0pm #REY EE H(0.07) O
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ERENERICE L 70D 2 & DN ERMNICHE
RENT, ZORERIZ, N> Ry Rdtt=
v 7 ARROIBPIEEC & B4R < TSR
L7=d . BF IR 720 T < | RS/
2T DR ERHE D CHETH DH Z &
EREL TS, £, ZHUF R R LE
— ORI, WHENDL P —_of A —H
DT —KAF D B & MBI B E T
HWEINS D ZENFERL LiroT,

28 AL L REOE X BATEE DS
WS SN B I v 7 ABROBEEE
(FES+ B 53cm)

H*(10): 78.9+1.1 nSv/h

AE-133B
H(0.07) : 99.6+12.7 nSv/h

(3) 1HHRUNAETEE)

AERE T, HEY R T AR OERNY:
EDBM%EE LT, Ha DR RO I
R ORI D AR ET -T2, THBDRE
AILLFo®mY Th 5,

© % 8 mIEEHBHMBI#EEE R Y VAR Y
7 2 (ICRP2025)

K VRY T DMTBNT, SRR
TEH S D EBIES (T VT2 %) DI
Vet &y 7 ARG BT B IR A R
BT BRI DN T, RA X —FEH
Ze Bl LTz, & o T BB E R HANC B
THEY Y arERLIC, =y 7 ARGO
ZER AR TR F— A DR ICE T D
BOATEHRONEZIT > T2,

VURT U AERE LTIE, FERN—
A2 DOBHEIGE T 2 WMEIZRER TH
STeb DD, TN OERIZ D E
VTAhm ey ab—y g VOEELR.
ARk Al OTERNCBET 2 MG N8R sh
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TV, 2D ORI RIT, = v 7 Af}
BORFERICBW T, FEHT—X L
a2 b—Ya YERAEMICIER T2 FEOR
FAEERETHHDTh o7,

@  HAARREYH TR 58 RINFER RS
T¥EMT 7 ARSI E RS T3
M L7z, T 7 AFRGEIEIC K D IR
ORI E R R HOW T, X s
BT D BAELFRRHE & BRIl OfRET) &3
LTAHRAZ—REEITST2,

HFITEE L, ENOBREFFA =D — D
i & B RS R 2k LT, = ORGSR, BLIk
TV —_g A =& B AR ER &
Oz @R AR R OREZ R Hd, UL
ARy 7 AHEBREHT R 2 R BR AN E N A
— A —IZB W TEEERICIT I S LTV
WEREENRE D Lipolz, —H T, A7
— S VAT Y 7 ARG IIT D) e
PO MLENEZ TR R L TR0 . BB
B3 B A S LAV REIR A (MR RERRR & FEH
TAREELOBEMEMB LI, ZOZ LXK
WFFECREAf L 7= ESGOME T — & D3, 4
% OENICIIT W EROEFNER LI
HEF 52~ D Th D,

i

b

D. &%
- JERY — A A — X DOFRE

AWFFETIL, = 7 A ERPT 524k
REEBG A AE L, EENLORANT
v 7 AR OV MR AR R AR E S 3D HGEL
Ty 7 AR (R RV X —FIROY) & x5
& LT ZAT - 7o, £ OFER, B EED
B2 D — A A — [ CHRMEIC S 7
FERNEUDL T LR LT,

FRIZ, = v 7 ARREIBIEIC & 2 IRt
HOHS T IRRER (RT) A4 L= Bl

A.[
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HEIZBNT, BEEFEAY— A A =20
mSv/h A — % — DO EREIERT HHE
FUIZBWT, Nal(Th v o FL—va R
CsITD > > FL—rar kOv ) ar
BIRA S — A A —F T pSv/h A — & —
ZIERTHICEEED, W/FHIAAEL D
ZEDBH LML T, ZOERKE LT,
MR A~ v 7 AR LEE A D&
FREFE OV Z BT L SRR s (&
YFL—a &) BT AT
T RAREEH (dead time) 1T X B EHERIE L
DRELTZZ & RO EZER L EVED
REICL VB R LX =y NEA SN
ZERBEILND,
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