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It’s Time to Pump Up the TRT/TAT in Japan
Preparation of a Guideline for Radiation Safety
Management of Short-Lived Radionuclides
Takashi YosHmmura *: Radioisotope Research Center, In-
stitute for Radiation Sciences, Osaka University, ' tyoshi@
rirc.osaka-u.ac.jp

Short-lived alpha particle emitters have recently at-
tracted much attention with respect to the development
of targeted radionuclide therapy. This paper reports the
previous projects of radiation safety management for the
short-lived alpha nuclides and the current status of the
study for the preparation of the guideline for radiation

safety management of short-lived nuclides.
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Preparation of guidelines for
evaluation to ensure safety
in the use of short-lived
unsealed radioisotopes

< osaaunversTY

Radioisotope Research Center, Institute for
Radiation Sciences, Osaka University

Takashi Yoshimura

Study for safety management
of short-lived alpha particle-emitters

» In recent years, research for nuclear medicine applications of
short-lived alpha particle emitters has been vigorously
pursued. In the near future, medical applications of these
nuclides are expected to be popular.

+ Rational radiation control to support the research and
development while ensuring the safety of workers and the
public is important. For this purpose, obtaining data on the
dispersal rate and development of safe handling method are
required.

2017—2019 Radiation Safety Regulation Research Strategic
Promotion Project from Nuclear Regulation Authority, Japan
"Development of safety management and radiation education by

obtaining data for rational control of short-lived alpha particle
emitters )

Contents

S ossaumersry
Studies for safety handling of short-lived radioisotopes
+ 2017—2019 Radiation Safety Regulation Research Strategic
Promotion Project from Nuclear Regulation Authority, Japan
"Development of safety management and radiation education by
obtaining data for rational control of short-lived alpha particle
emitters 4
Determination of dispersal rates of 21"At, 223Ra, 225Ac, and their
descendent nuclides

« 2019—2021 Radiation Safety Regulation Research Strategic
Promotion Project from Nuclear Regulation Authority, Japan
"Preparation of guidelines for evaluation to ensure safety in the use
of short-lived unsealed radioisotopes)

Obtaining the dispersal rates of airborne 2'1At, 223Ra, 225Ac and
their descendent nuclides

The results of 211At dispersal rates

O Results for 2'"At in actual

. . operations
OResults for 21'At dispersion

@ osucaumversy 10 Polypropylene

tube |

RURIBELZ R | { Ataq.
- (neutral)
)L artioge %m'z Sealed in vinyl bag

PR ' HE e FE 7L 700 l l . )
Glass Filter A AU KA Shaking Centrifugation

AA:ascorbic acid
Dispersal rate in various conditions of solutions

Dispersal rate

Members
Osaka Univ. A. Shinohara, K. Nakajima-Kaneda. Z. Zheng
T. Yoshimura. A. Toyoshima. K. Nagata
J. Hatazawa. T. Watabe. K. Ooe

Kyoto Univ. T. Yamamura

Tohoku  Univ. K. Shirasaki. H. Kikunaga

RIKEN H. Haba

Fukushima Medical K. Washiyama

Univ.

The dispersal rates and
distribution of 211At
@ oswavrom
- . — Glass Filter

3 . — ;!:t:::“ __— Charcoal Cartridge
- — cartriage-2

2 ) PET(wal)

E = orin

;:_:—; 60% L Hotplate cover

5 = eaker cover
= = Stirring bar
g o = seaker

-
. = Remain

Dispersal rate

oH7 PH 7 with AA

Dispersion of 211At is suppressed by the addition of ascorbic acid

The 211At solution needs to be used and stored in a vessel with a cover.

Shaking Dispersal rate
Acidi 0.11£0.03
cdic Vinyl bag (inside) 0.03+0.01
+
Neutral 0.2620.02 Vinyl bag (outside) 0.020.01
Neutral + AA  0.0082%0.0003
Basic 0.06+0.04 Centrifugation Dispersal rate
In Chloroform  0.008%0.005 Vinyl bag (inside) 0.0240.01

211At can be handled safety by covering the vessel tightly.

223Ra and discendent nuclei

@ osmuumvmsy
From the perspective of radiation protection,
: the dispersal rate of each Rl should be :
clarified, especially for Rn-219 which is a
r i noble gas.
Noble gas 21%Rn g g
| 3.96s

Halogen
2|5At
0 Metal
Baxiow @ 4 ZPo
Metal — B ostes

211Bj I
214min  |02% &7}
207pp
Stable
L 477 min
Decay chain of Ra-223%

5) (44%) BRT (V=T 74Vb—TFR(114R). 20114

Metal “ory,

Decay of 2""Pb and 2''Bi on the filter

Bomamy Decay of radioactivity of 2''Pb and 2''Bi T,;» Simulation
. 55 ey 223Ra : 274.4 h
Pb211(Sim.)|
| si2i 211Pb : 0.602 h
A P21
~ 2
3 211Bj(351 keV) Ty Exp. data
= . 0.607
= 211Ppp ; h
0 g N b 0,004
21Pb(404 keV) gy 0598
2 A +0.006
. 0 2000 4000 6000 8000 10000 12000 14000 16000
Time (s)

The half-lives of 2''Pb and 211Bi are both the half-life of 2Pb.
The dispersal rates of metal ions are quite small (Sr2+, Ga3+, Tc7+, Cré*, Pm3+:108~10-9)8)

— 22Ra is not dispersed (< lower detection limit). The detection of radioactivity of
211Pp and 2"1Bi on the filter is due to dispersion of 2'°Rn
6) Y. Nakamura et al., RADIOISOTOPES, 1983, 32, 260-269.
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The results of dispersion for 225Ac (Tohoku Univ.)

Obtaining dispersal rate, surface contamination, and concentration in waste water
for 225Ac

Dispersion of 223Ra

Experiment

 oswanumersry
3. Surface area dependence of dispersion
Rate of 21%Rn

223RaCl; aq. Radioactivity : 7.4-9.5 MBq

4. Dispersal rates in actual experiments

oo
100mL

oo Beaker #

=

& oo

Lo  [ERach; | e\

& oo

£ The alpha spectrum of

. 00s somt 225Ac on a PEN film

£ Two 10 mL mi .

3 0008 v Beak Resul 1. Dispersal rate of 225Ac . . . .

% wr] ([ PedterwSeer — OResults ]Emp 2. Dispersion of 2Ac in the actual experiments

] Micro ® 20 mL Dispersal  Dispersal _ Dispersal rate of %2°Ac

L Tube » Beaker Operation  rate of rate of < (PTFE filter + PEN film) B
] 23R4 21987, g 1604 & Contribution of Dispersal rate of 2%Ac in an acidic solution
© 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 _— 2 &8 </ airbome croplet
Surface area [mm?] Shaking  N.D. N.D. S 1605 8¢ O Operation Dispersal rate of 2°Ac
g
" . : . Centrifu =

When the lid of the vial for storing 222Ra (inner ation 9 ND. N.D. 8 1e0s Shaking NO-
diameter:11 mm) is opened, _— g Centrifugation NO
the dispersal rate of 21°Rn is less than 1.3x10-3, = Almost no dispersion in actual S ko
= Almost no dispersion when a syringe is used. experimental operations Shaking  drop  heating

Purpose of Study

Summary (1)

© OSAKA UNIVERSITY

Airborne dispersion of 211At

- Dispersion of 21'At into the air is little from chloroform.

- The dispersal rate changes depending on the pH of the aqueous solution.

+ When ascorbic acid is added to the solution of 2!'At, dispersion of 211At
is lowered.

Airborne dispersion of 223Ra
- There is no dispersion of 223Ra from the aqueous 223RaCl,.
- 21'Ph and 2V1Bj were detected on the filters because of dispersion of 219Rn.
« The dispersion of 219Rn depends on the diameter of the vessel.
> In radiopharmaceuticals, 223Ra is sealed in a vial and dispensed by
a syringe. Thus, 2'°Rn is unlikely to be dispersed into the air.

Airborne dispersion of 25Ac
- There is almost no dispersion of 225Ac

+ 2019—2021 Radiation Safety Regulation Research Strategic Promotion Project
from Nuclear Regulation Authority, Japan
Preparation of guidelines for evaluation to ensure safety in the use of short-lived
unsealed radioisotopes,

Preparation of guidelines for evaluation to ensure safety in the use of
short-lived unsealed radioisotopes

Purpose
To prepare guidelines to summarize the new method of evaluation
for license of short-lived radioisotopes at each radiation facility
A N\
Members
Chair : T. Yoshimura (Osaka Univ.) 2 .
PO : S, Furuta (PESCO) o)
Advisor : Y. Yonekura (Osaka Univ.) M K'S o (NRA, ) Dg
J. Hatazawa (JRIA) R bR
Osaka Univ. Hiroshima Univ. Tohoku Univ.
T. Todo A. Shinohara  S.Nakashima H. Watabe
M. Tatsumi A. Toyoshima K. Shirasaki
K. Kaneda K. Oce Hokkaido Univ.
T. Watabe K. Nagata Y. Kuge Kyoto Univ.
K. Yamaguchi T. Yamamura
T. Kamiya QST
S. Kawaguchi K. Nagatsu RIKEN
- H. Haba 2

able of Contents of Guidelines QOutline of guidelines

Title : guidelines for evaluation to ensure safety in the use of short-lived
unsealed radioisotopes

Chapter1 Overview, Background, and Purpose of the Guidelines
Chapter2 Scope and Application of the Guidelines
Chapter3 Evaluation Method
Method for evaluating shielding, airborne RI concentration, exhaust
air Rl concentration, and RI concentration in waste water
Chapter4 Reliability assurance methods
Establishment of responsibility system, manuals to be equipped

after approval

Chapter5 Education and Training
Subjects and contents of education and training

Summar

Preparation of guidelines for evaluation to ensure
safety in the use of short-lived unsealed
radioisotopes

Many experts specializing in radiochemistry, nuclear medicine, and
radiation safety management participate in the group to prepare

the guidelines.

The guidelines have been prepared in consultation with relevant
academic societies and the Nuclear Regulation Authority, Japan.

The prepared guidelines have been authorized by six academic
societies.

OPurpose and necessity of the guidelines
In order to ensure safety of workers and the public, and implement rational
radiation control, the guideline summarizes a method of evaluation for
calculating the use quantity of short-lived nuclides at each radiation facility.

OScope and application of the guidelines
The guidelines are applicable to the regulations based on the "Low
Concerning the Regulation of Radioisotopes”.

OGuideline of applicable nuclides
The guideline applies to short-lived radioactive nuclides with half-lives up to
15 days.

OOQutline of the evaluation method for use
It is possible to apply values based on experiments to dispersal rate, etc.
Furthermore, it is possible to be taken in account of decay of the nuclide
for evaluation.

OResponsibility System
Each facility should establish a peer review system that include external
experts to review the results of experiments.
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© oswauwveRsITY
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