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A Study of Deriving a Roadmap for the Development Industrial
Technology Standard of Radiation and Radioisotope
Bo-Bae Cho', Seungil Park' and Sang-Mook Kang"*

'Radiation Technology & Industrialization Promotion Center, Korean Association for Radiation Application,
77 Seongsuil-ro, Seongdong-gu, Seoul 04790, Republic of Korea

Radiation and radioisotopes have a high value in terms of utilization that can be used in
convergence with various fields. However, due to the specificity of radiation, the use of radiation and
radioisotopes is more difficult than in other industrial fields and also involves complex regulations.
There are no clear industrial technology standards in these fields. Therefore, the growth of the radiation
industry, especially including small companies, is being delayed. Since industrial technology standards
play an important role in providing an institutional basis for the continuous development and settlement
of domestic technology, the development of technical standards for the radiation and radioisotope
industries can lead to systematic growth of the domestic radiation industry. To this end, the technology
classification of the radiation industry was promoted and classified into 7 major categories, and detailed
classification was divided according to the characteristics of each technology. In addition, a demand
and perception survey on the need for industrial technology standards was conducted on RI licensed
institutions and companies, and as a result, 61.4% responded that it was necessary, and in particular, they
recognized the need for radiation safety (63.3%). In this paper, the technical classification for the radiation
field is presented as the first step in the development of industrial technical standards for the radiation
industry. In addition, the plan of the current status information and preparation of standard procedures of
each category will be discussed.
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Table 1. Technical classification for radiation and radioisotope industry

Radiation industry technology

.. Radiation Medical Radiation Radiation Future New
Radioisotope . .. L. . . ..
irradiation radiation equipment safety radiation technology
. C . . Radiati . .
Production onvergence Diagnosis adiation Handling Nuclear fusion Al
materials generators
Life sci Radiati . - .
Use e selence Treatment aciation Disposal Space radiation Big data
bioengineering measuring
Measurement/ . . . .
Others . . Medical physics Medical radiation Others Others Others
diagnosis
Handli
Others Others afld 18
equipment
Others
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Table 2. Detailed technical classification of radioisotope

Main R Sub category Detailed sub category Remarks
category category
Raw material Technology and maintenance
. . Use of reactors, accelerators, generator 1o .
Production  production and of facilities/devices related to
. development (adsorbents, filters), etc. . .
refining radioisotope production
Development of radioisotope
tracers, RI-labeled compounds, Technology related to
Synthesis labeling technology, catalysts, ~ compounds labeled with
processes, radiation chemistry,  radioisotopes
Compounds etc.
Pharmacokinetic evaluation, Analysis/evaluation/
Evaluation  molecular imaging evaluation,  testing technology
using labeled compounds
Devel f di i
evelopment o c‘hagnostlc Development and analysis/
. . radiopharmaceuticals, ; .
Diagnostic pharmacokinetic evaluation evaluation/testing technology of
(ADME), etc. diagnostic radiopharmaceuticals
Development of therapeutic
ioph ical
. radiop arn.naceutlc:a s Development and analysis/
Radioisotopes . (theranostics), dosimetry, . .
Therapeutic 7 evaluation/testing technology of
Use . targeted therapy, RI toxicity . . !
Pharmaceuticals A . therapeutic radiopharmaceuticals
testing and evaluation
technology, etc.
GMP production and
construction technology, non-  Various facilities/devices/
Automation clinical/clinical evaluation, evaluation and other related
and process  cassettes, kits, automatic technologies for radioactive
synthesis devices, dispensers, ~ pharmaceutical production
software, etc.
Technology f o
Radioisotope Radioisotope thermoelectric generators echnotogy ot rac'1101sot'o pe
. . batteries loaded with radioactive
batteries (RTGs), beta batteries, etc. .
isotopes
Direct biological testing methods, Technology for evaluatl.ng th‘e
Internal dose rate . . S ; . . internal dose rate of radioactive
. indirect biological testing methods, ingestion | .
evaluation . isotopes in the human body
evaluation, etc. . .
(for internal exposure patients)
Others Others Uncdlassified technologies
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Table 3. Detailed technical classification of irradiation

Main Middle Sub category Detailed sub category Remarks
category category
‘Orgamc./ Nanocomposites, polymer materials, etc.
inorganic
Materials Material Polymerization process technology,
. polymer cross-linking technology,
processing hardening materials, etc.
g )
Convergence Analysis Structure analysis, etc.
materials
Etching equipment technology,
Semiconductor deposition equipment technology,
wafer doping technology, etc.
Manufacturing
Secondary battery technology,
Battery battery manufacturing technology, Through
battery material technology, etc. radiation
irradiation
Radiation Sterilizati Biological, medical devices, utilization
irradiation terilization public health products, etc. technology
in each field
Sarcoma Breeding mutant crops (industrial/
Life science Life science application)
bioengineering  bioengineering Environm.ental Wastewater, air, soil treatment, etc.
conservation
Food processing, Food storage, hygiene,
storage animal and plant quarantine, etc.
Facility/
industrial safety ~ Safety diagnosis of large structures, etc.
Measurement/  diagnosis
diagnosis
Non-medical Airport/port large search facilities, RI non-destructive testing,
diagnosis etc.
Others Others Unclassified technologies
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Table 4. Detailed technical classification of medical radiation

Mai Middl
am radie Sub category Detailed sub category Remarks
category category
Diagnosis Radiological ~ Molecular imaging technology, nuclear medicine, radiology,
& diagnosis in vitro testing, etc.
Diagnostic and
Radiation therapy, therapeutic X-rays (gamma rays), proton, therapeutic
External neutron, and charged particle radiation, radiological oncology, techniques
radiation radiation therapy (X-PDT, RDT), boron neutron capture therapy ~ using radiation
Treatment (BNCT), etc. (utilized in
medical field)
. Internal . -
Medical nema Brachytherapy, isotope therapy, nuclear medicine, etc.
s radiation
radiation
Medical Radiation measurement, radiation biology,
. physics radiation applications, treatment planning, etc. Convergence
Medical
hysics Exposure research on
Py Clinical dose evaluation, physical dose evaluation, radiation
control o . :
. biological dose evaluation, etc. and medical
evaluation
technology
Others Others Unclassified technologies
Table 5. Detailed technical classification of radiation equipment
Mai Middl .
am ¢ Sub category Detailed sub category Remarks
category category
Particle Cyclotron, linear accelerator, synchrotron, production of related
Radiation accelerator components, etc.
generating
device Generator X-ray tube and generator, neutron generator, production of related
components, etc.
Radiation Radiation detection (X-ray, gamma ray, neutron), isotope
measurement  analysis, portal monitor, radiation (ability) monitoring system,
equipment semiconductor detector, portable detector, etc.
Radiation
measurement  Radiation
equipment industrial
imaging Non-destructive testing, security search (imaging) Development
Radiation measurement technology of
equipment equipment devices used in
radiation field
Di ti L .
. 19BROSIC X-ray, CT, PET, SPECT, MR, in vitro testing, etc.
Radiation equipment
medical
i Treat t
equipment reatmen Gamma knife, LINAC, IMRT, etc.
Equipment
Radiation and
dioisot Handli o . . ) .
@ 101,5 orope ag s Rl isolation and refining equipment, remote operation devices, etc.
handling equipment
equipment
Others Others Unclassified technologies
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Table 6. Detailed technical classification of radiation safety

Main Middle category Sub category Detailed sub category Remarks
category
Facilities Shielding design, exhaust systems, ventilation systems, etc.
. . . Research on
. Transportation Transport containers, safe transportation, etc. L. .
Handling radiation safety in
. Internal and external exposure dose evaluation (workers), handling processes
o Evaluation . .
Radiation worker safety management, radiation dose evaluation, etc.
safety
Disposal Waste containers, waste testing, etc. Research on
Disposal radiation safety in
Decontamination ~ Radioactive decontamination technology, etc. disposal processes
Others Others Unclassified technologies
Table 7. Detailed technical classification of future radiation and new technology
Main . .
Middle category Sub category Detailed sub category Remarks
category
Nuclear fusion Nuclear fusion Nuclear fusion fuel ir}jection technology, core technology,
nuclear fusion material technology, etc. e
Utilization
Future . . P technology
L L - Space radiation exposure, space radiation verification, .
radiation Space radiation Space radiation . P in future
genetic modification, etc. industries
Others Others Unclassified technologies
New Other technologies
technolo New technology ~ New technology  Al, big data, other uncategorized technologies including new
sy concept technology
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[unit: %]
[Base: Total (n=324), unit: %] N Need Nonean
[Total] (324) 61.4 38.6
Public
institutions (23) 73.9 26.1
Research
886 institutions (18) 77.8 222
Sectors ~ Educational 31) 452 548
61.4 institutions
: Medical
institutions (82) 58.5 4.5
Industry (170) 62.4 37.6
Rl production (14) 643 357
organization
Licensing Rl use
Need No need field organization (293) 60.8 392
RI production a7 70.6 29.4

& use

Fig. 1. Result of survey on the need for industrial technology standards in the radiation industry.

Radiopharma- DIl
Radiation By Radiation of new
ceutical < : :
safety : equipment radioactive
production
drugs
[Total] (199) 63.3 19.6 19.6 19.1
Gublc (7 353 41.2 17.6 17.6
institutions
IRescarchil¥l (14 714 28.6 286 214
institutions
Educational
Sectors institutions (14) 714 214 14.3 28.6
Medical
institutions (48) 54.2 29.2 10.4 41.7
Industry (106) 69.8 10.4 236 75
ipocuctonll (o) 444 222 11.1 222
organization
Licensing Rl use
field organization (178) o 16:3 208 18:5
Rlprocuctiony 45y 25.0 66.7 83 25.0

& use

Fig. 2. The results of survey on the Fields requiring radiation industrial technology standards.
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Radioactive
material
production and
purification
technology

18.1

11.8

28.6

T4

25.0

16.0

33.3

16.9

25.0

ofol Tt &

Radiolabeled
Radiation compound
irradiation synthesis and
evaluation
15.1 14.1
235 5.9
14.3 214
28.6 14.3
10.4 229
14.2 10.4
114 114
15.7 13.5
8.3 25.0

A7V F2

Clinical
radiation

8.5

74

21.4

16.7

4.7

9.0

8.3

[unit: (multiple responses) %]

Others

3.0

5.9

7

3.8

3.4

< AHE7} e Zopo] sl SL=A] oot
NEsh= el glof, A
U717 (KEPIC) £520. & Fesh= 22 34 o]
Atk 01 of| wha} HRAbA W HIAMAY S 919 A AFY] &
AR A 2 T T Zo| ¥ g5}t
HIAMA S04 Aol o] AA Al A ¢
2t 71 2okl it 27 B Aot L
ZpA7F F st o]



The complexity

[unit: (multiple responses) %]

\Waste disposal and difficulty of Supply and Difficulty in Difficulties in Absence of
N difficulti?as compliance with demand supplying RI building RI technical standards Others
multiple Rl handling  uncertainty of RI experts handling facilities related to Rl
requlations
[Total] (324) 43.8 40.7 27.5 24.7 18.2 10.8 9.9
Public
instititions (23) 56.5 39.1 26.1 30.4 26.1 174 43
Research
ihefititans (18) 44.4 16.7 333 27.8 27.8 111 5.6
Sectors | Cducational (31 74.2 516 19.4 129 9.7 9.7 12.9
institutions
jiedical (82) 549 45.1 4838 159 256 4.9 98
institutions
Industry (170) 31.2 39.4 18.2 30.0 14.1 12.9 10.6
RUpeducionll 14y 57.1 214 35.7 143 214 7.1 =
organization
Lizsilig R (293) 43.7 41.3 25.9 256 16.7 11.3 9.9
field organization
Bl pé°d”°t'°“ (7 35.3 47.1 47.1 176 412 5.9 17.6
use
Fig. 3. Difficulties in the radiation industry.
Stage 1 (3 years) Stage 2 (5 years) After Stage 3
Radiation and
Radioactivity [ Development of industrial technology standards ]

Development

« Continuous supplementation of

of Isotope

[ Preparation of standard technology outline for each field ] [
Industry

Establishment of a maintenance and management
system for developed technical standards

] developed technical standards

« Development of technical standards in

Technical

Establishment of standardization tasks
Standards [ ]

[

Promotion of government recognition and national RS RS

standardization

]

Fig. 4. Industrial technology standards development roadmap.
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