ISSNO0O367-6110

Vol. 54

HAREVEZFS

JAPAN HEALTH PHYSICS SOCIETY

http://www.jhps.or.jp/



x & %

5447 (2019412 1)

H R
% B =
5 G e LRI 203)
O 15 : K@
L g -
(1054 442 A4 MBI 5 PP K14 B OO TR | @ ETIE ot SERFERE (205)

@F 250 - EX@®

Technical Data
Application of a Hand-made Air GM Counter as a Radiation Education Training Material for Secondary School Education
--------------------------------- Estiner W. KATENGEZA, Nirodha R. A. C. RANASINGHE, Satoru OZAKI and Takeshi IMOTO (206)
From Japan to the World

Fostering Medical Personnel for Radiation Emergency Medicine at Hirosaki University Graduate School of Health Sciences, Japan

..................................................................................................... Hirosalki University Graduate School of Hoalth Sciences (212)
®% 3 5 | IXHHO
# &
A RITEAE HE O AU R JE M 3 / F AR B S OB R LT L2
(S SRt KBRS HA K5 A S A B2 B | o Ol 13)
HABEMASE RS >R Y & TRANE= 5 ) 2 7 (BT 5 BRI 2 B ] FIRFD o Tt 217)
AT I 2 S TICRP B SIS 3505 2 FIPT L) EILGLAL o W 220
5 S EURBHONIEI T 5 B AT (ENVIRA2010) OB o A, (REAURN, PRI (222)
w0 0E
S B KT B B LSRR RO BB G BT 25 00 B st SIHEE (226)
5 3 TS ROREE « FURIFIER | BMIEIGEE oo AL (231)
DN —
o g o B = TSRS (234)
9 B 45 B < 235)

AARENIEFSHEZES  E-mail: hobutsu@capj.or.jp
ZRE Bl
HIZEE RHEFE
=R WA % (%) e e INEFEE Tk Bk LRI S AR HUHE
Gz AT HRHEMGE  MHEIER HH % Sergei TOLMACHEV

-201 -



Japanese Journal of Health Physics

Vol. 54, No. 4 (December 2019)

CONTENTS
Foreword
Expectations for Japan Health Physics SOiety s Yoshitomo UWAMINO (203)
@ Part 1: Japanese Articles @
Letter
Corrigenda: Review on the Gross Beta Activity in Rainwater Observed throughout Japan in 1954 -« Norio TSUJIIMURA (205)

@ Part 2: English Articles @
Technical Data
Application of a Hand-made Air GM Counter as a Radiation Education Training Material for Secondary School Education
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Estiner W. KATENGEZA, Nirodha R. A. C. RANASINGHE, Satoru OZAKI and Takeshi IIMOTO (206)
From Japan to the World
Fostering Medical Personnel for Radiation Emergency Medicine at Hirosaki University Graduate School of Health Sciences, Japan

..................................................................................................... Hirosaki University Graduate SChOOl Of Health SCienCeS (212)

@ Part 3: Japanese Information @
Topics
Symposium; Guideline for Radiation Protection of the Lens of the Eye ««r-ewerreeeeresenenennenenenenenn: Sumi YOKOYAMA (213)
Impressions of JHPS Symposium “Domestic and Overseas Trends and Prospects of Emergency Monitoring”
..................................................................................................................................................................... Yu IGARASHI (217)
Impressions of Japan Health Physics Society Lecture, “Domestic Trend about Incorporating ICRP Recommendations”
................................................................................................................................................................ TSUyOShi MAEDA (220)
Report on Participation in the 5th International Conference on Environmental Radioactivity: ENVIRA2019
................................................................................ Shunya NAKASONE, Akinobu ISHIMINE and Kaori NAKAMURA (222)

Report on a Technical Meeting on the Implications of the New Dose Conversion Factors for Radon

............................................................................................................................................................. Masahiro HOSODA (226)
Impressions of Participation in the 3rd Seminar on the Environmental Radioactivity and Radiation

........................................................................................................................................................... Shunya NAKASONE (23 1)
Information ........................................................................................................................................................................... (234)

Editorial Board E-mail: hobutsu@capj.or.jp
Editor-in-Chief Sumi YOKOYAMA
Deputy Editor-in-Chief Naofumi AKATA

Akira SUZUKI (Scientific Secretary)  Kazuki INVAOKA Koji ONO Masahiro KATO
Akihiro SAKODA Atsuo SUZUKI Tomoyuki TAKAHASHI Misaki TAKIMOTO
Kuniaki NABATAME Masahiro HOSODA  Akira YOSHIDA Sergei TOLMACHEV

Journal Title History Japanese Journal of Health Physics, from 2002
Journal of Health Physics, from 1995 to 2001
HOKEN BUTSURI, from 1966 to 1994

-202 -



PRAEDIPL, 54 (4), 203 ~ 204 (2019)

i
N2 e

NSE O ik

P T201E, 72TV LVWLEDOTHD, BAREL TV H TR EIRIZIES> TV B DL, 1999 41254 L
72 JCO G DBE D, M D FGER AT R TH o 7oA FEWIROWWT T 5o BT OPR AL 2, 155 2 llE 7
IRZEH DG HIZ 350 m BN OEREBHEF I THbNIz MR TERVWHICE > TERWHBs S22 L
RO B LB TH 722 L1, HEFEODIRELELTRBIAF VDL ) ZEVE LZOEHEZ T,

BB EDERIZBWTEH, FPOZ LT TE&2LHITE S EH (Isotope News 2011 4F 11 A5 p. 58)
X AUE, 1925 4FIC MUTSCHELLER (2 & - C, Mif#EE LCo2r/ H (F2mSv Ho IEMETIEZVWALUTS IO
KLLTD)MPRESNTZZ) Th Do ZOMHIF 1934 FFICERE XM T 27 APEZR RS (D ICRP) SR L TWw 2,
Z D% 1950 4EIC ICRP I3 AFFAME L LTH 05mSv HEEIE L T b, BEIRMERESE LT, fEFEICHL
T20mSv/ 4, AT I mSv/ SEHEA E N T 5,

M OW AR TIE, KEOAKEDOMBLZ & L IKBAHRNI X o> THEAFRO 572X ) Th bo BUEOM R
RIODLBICD, SFEELT—IHHLHTINTE L V) HBIZE Y Yo 7% 2 IS TEA P 5T
Wbho INHDOBNITT, DIbIUIIEILL L THIHERIIEHETE 5 L, WX LIIHL 2 LA T
ETBY, RELBELZIT TV,

LA L 2011 42 3 AL, — Mo HIcd, FHEgiEd 20 Tal, BRI oMb BRSNS L) 1lko7 &
NOIEREM, SELNVEBMRIRL L0, L OHFICEBEDREMLHEKICESZ 5N TS EE 9, ICRP
DEBKIEKEVD, DL G0N I WERREMESDIRETIIAVALE RS Tna,

MUABTHLOIC, WEANE A, SHTEELNIZRE TR BREDSR R 2 01%, HEEMIC X 2 THE
FHRLEEZ LD R V. WoZDZ E, fEHEE, —BMAZMDT, FEFEDAOMAOMREREL 20mSv/ F L L,
ALARA DREIH & FU IR DS O & 1 mSv/ 4F (ERRZZE L T) L3 EBRTH ), BT %R
vy BeEES TICED,

FAORIZE ST, 02D ImSv/ V) BREEL, BUHRDALOMER THRCT 5 DNA OEE, & HRBUE
IR COEFREORKREZEZ D L, ARLERNE I ICRR D, —F, INTRFHESWTYI R 2E2 5L,
LA E 7% E DRI AT 1 mSv/ 13 <, R HE—FREFRER ISP TR 2 WEMRIC L > THEr IR
12, AROBEMIZ 0.1 mSv/ EICTRNEEDH o7 TNTREAADERIIEARCBELZL TEELR V., 2
DX ¥ v 7iE, LNT KA, 5\ iL DDREF=2 ICMEDH 5 & 9 BREANT 5o

RORER (B BATRETERTIE, BALERFFERT AR a R AR I £ v 4 — i JE s AT



204 % W OF
FESEFI S M D WS SN2 EMO Y VR I L DRI

. 7aTnn, [FE08, HiEdiReEs
TRAED,

EIhBERPE V) REEZRERVON ] EOEMDEH o720 UIFITEHALFELE B 7205 Si3&b
DTE- LI %, MEFLHEMTHo72L B2 %, FBRMAEELE V) A SIFICRP EIELZEET 2 DI TH
25, ICRPEIHEZEEL LTRVIT R, #RELT, ERORE - RODDIC, MHOEZ, Y& MA
IR L 725722 ) R T WERRE I L T 2220 v L - Tw b,

EE &P ObARO XLED)

1979 EHARR: - B - PR LA LET, 1986 4R i, BURMEARGIIZENT, REUREE T 7eT, Bt
FIET R AE RS, FARIE SRR A e~ ¥ — 288 T 2018 4E X 1 Bk, 1988 4E, A A A Paul Scherrer Institut
WCCREMATE e — B L TR ok & BUREHI O ge, PO a8 BE R 1A,



PRAEDI B, 54 (4), 205 (2019)

L& —

[1954 S (CHAZMTEA S h/-FRKkbh 2 p BESHEEDOBI% ]

D

AREE 545 1 5 40 ~ 44 FSIBIW S N7z A 11954 4F
(2 HA K TR S 22K 4s BT RE D TGS | 12
BMODHY T L7 mEICRHISEEL SRR VETITI’
HYFTH, TTWEFHTESETCWLLEETTELEDLIC
AMATBEOCHL LIFET,

Bl s N7z THEHER | omo@ile LT, m &
RO

(=77, 9 HoBLNZ, BU S 7z U 6e o k2
LD & 22RO IENT 225 9 H 13 ~ 16 HIZ
[HY €z bt 2L EREFR N T & 72855
BRIZE 5 b oL SN TWiz7%, UNSCEAR D%
FHZ I E, £ 3INSF VA7 TOBERDERIZ
9H 2 HURE (10 HRKET) LahTBY, Bl
HEdBEREDLRV, TD7H, FEBEOBLIT L L
Vi NCR AR
ERHIBLTWZDOTEH, Ih

[—7, 9 Ao, Bl S 17z iU se oI 2
LD & 22T DN 225 9 H 13 ~ 16 HIZ
HY ¥z bl LA N C FE i S 7% 5
BRIZE B0 EHEE SN T W75, UNSCEAR D%
ok, ZHF9OH 4BICTI VAT b
A 7 (Totsk, Aralsk) THjiti & N7 FEERIZ 3§
LEROND, F72, 10 HUBOBEIE, 9 H 29
H2% 10 30 HIZJCTE3INTF LY A7 Thrb
NIBEBIZEI D DL BbND. ] (FHERSHET

Norio TSUJIMURA; Corrigenda: Review on the Gross Beta
Activity in Rainwater Observed throughout Japan in 1954.

(W) B A F- I3 0FZE B SR AZ IR A 27 v Ao
FIRIAITH AR A AL 4-33 (T 319-1194)

Nuclear Fuel Cycle Engineering Laboratories, Japan Atomic Energy
Agency; 4-33 Muramatsu, Tokai-mura, Naka-gun, Ibaraki 319-1194,
Japan.

#  Corresponding author; E-mail: tsujimura.norio@jaca.go.jp

*

] IE

Ay REhE

EFERT)

ICETIEWZ- L9,

HY#IZX %91 14 HOZERIZ, WX THALT
wfm@amRﬁii“ %ﬁﬁéﬂfwt@fﬁ#
LINSGFURAZE T 7Y ELY ¥ OEFHIEN D ICHE
HVRREWMON, ZNOHDRNR—=JIZRBSI N TV
WMAEREE LD, RoZBiHORH T, LD
Wil (WIHHFE, 195449 H 23 HfY) ki, 16 H
it 25815 C [ 2 OB H M HmEN CHE BT TH
N LI RRILENTH DI E DT, Y
DOEFEE S B, BEBOEMRE T TIRRFETE %
Mofzb oo, B N BETRERN2SIH Y S 7E & &

AT EBHRGI ERE s BbNEd,

Z £ X #

1) UNSCEAR: Sources and Effects of Ionizing Radiation,
2000 Report, Annex C (2000).

i B OLLS ohb)

1993 4E> HE)JIHA - ARBREL B FE F S,
TEOYM AR CHAICE S, it (T

) HALRZE ARRBIE I L 2RO
5 BT & poO VAR A R T2 ©
WEEE F CTIRILSEEZ#ED TSI
A, RILIEE S 1950 SEROBEBR T + — LT 7 MZD

WTHIRTW A,

E-mail: tsujimura.norio@jaea.go.jp

X



Jpn. . Health Phys., 54 (4), 206 ~ 211 (2019)

Technical Data

DOI: 10.5453/jhps.54.206
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The application of a hand-made air GM counter as a training material is presented based on evaluation by 16 participants of
a workshop by International Atomic Energy Agency (IAEA) technical cooperation programme (TCP) project RAS0079, held
in Japan in 2019. A questionnaire survey was administered to evaluate the attributes of the device as well as each respondent’s

self-assessment of their level of understanding and ability to communicate associated content. The performance of participants
in the lecture tests related to the device was also analyzed. The device had an overall effectiveness rating of 8.3/10 with all
attributes above 8/10. The respondents’ level of understanding and ability to communicate was significantly different before
and after using the device. The study also revealed some knowledge deficiencies that can be addressed by using such simple
devices and may need more attention for future teacher training programmes.

KEY WORDS: radiation education, hand-made air GM counter, teacher training, nuclear science and technology, radiation

properties, radiation experiments, simple devices, secondary school science.

I INTRODUCTION

The posterity of nuclear science and technology (NST)
requires interested, motivated, passionate, and well-
informed youths who choose to pursue careers in NST.
Some serious events associated with nuclear industries, such
as the Chernobyl disaster and Fukushima Daichi Nuclear
Power Plant accident, have shrouded the benefits of nuclear
applications and the ensuing public concerns, apprehensions,
misunderstanding, and misconceptions” have the potential
to fester if not strategically addressed. On the other hand,
the demand for knowledge pertaining to radiation has been
known to spike with such incidences>* and it is important that
accurate and balanced information is provided. Thus, radiation
education is important for allaying public fears, clearing
misunderstandings and misconceptions, demystifying NST,
and also for stimulating interest for NST careers in youths
through targeted initiatives for the public, schools, and other

avenues.>®
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The International Atomic Energy Agency (IAEA), in
consultation with United Nation Educational Scientific and
Cultural Organization (UNESCO), recognised the need for
early NST education when reports from expert panels in 1968,
1970, 1975 emphasised secondary schools as the main target
for generation of interest in NST.” Though, NST education
programmes in secondary schools are not a global occurrence,
they have been generally included in curricula of countries
that have advanced nuclear technology. Where these are not
included in formal education programmes, outreach activities,
typically spearheaded by nuclear institutions have taken
place in other countries. However, such activities offer only
limited exposure” and sustainability of these efforts requires
a formal inclusion of NST content in school curriculum and,
more importantly, were such is included, the content must
actually be delivered. There have been reports of cases where
such content, though available in official curriculum, albeit
insufficient, has not been taught due to lack of “adequate” or
“sufficient” knowledge, qualification or competence on the part
of the teachers.®? Because teachers represent a key component
of sustained efforts for NST posterity, it is vital to empower
them, through training, with knowledge and competence to
confidently communicate NST content to students.”'?

Appropriate experiments are important for effective
science education.!” For secondary school radiation
education, these experiments at must demonstrate the basic
properties of radiation which typically include the inverse
square law, attenuation by shielding, and radioactive decay.

EEENT3

These experiments can generate ‘“‘excitement,” “interest,”
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and “inquisition” in students. Some devices that have been
employed in various secondary school radiation education
outreach activities include cloud chambers, survey meters and
hand-made air GM counters.> ¥ Such devices were employed
at a recent IAEA training of trainers’ workshop, tagged
TTWS2019 under the RAS0079 Technical Cooperation Project
which drew 16 participants from 12 countries. It took place in
Japan from 17 February to 1 March 2019 hosted by Professor
Takeshi [IMOTO of The University of Tokyo.

TYNA,'") addressing general science issues, highlighted
the role of simple experiments in motivating teachers to use
science experiments. Though the hand-made air GM counter
is considered a simple and low cost device for secondary
school radiation education,'> ' it is important to obtain
the perspective of teachers on its capability as a tool for
demonstrating the basic radiation experiments. HIROSE et al
(1999) pointed out the importance of inclusion of NST-related
experiments for both pre-service and in-service training of
teachers. Thus, in addition to the participants’ feedback on
the device, this study explores the effectiveness of the hand-
made air GM counter as a training material by evaluating its
impact on the TTWS2019 participants’ level of understanding
and ability to communicate radiation topics. This gives an
indication on the device’s potential contribution to NST human
resource development.

II MATERIALS AND METHODS

2.1 The respondents

There were 16 participants (N = 16) from 12 countries who
attended the “training of trainers” workshop. Some represent
countries with their own established secondary school NST
projects including teacher training, for example Philippines
and Sri Lanka. Other portfolios include working in teacher
training college (Myanmar), coordinator for science teachers
and training at a national science park (Israel), trainers
and specialists in innovation with the education ministry
(Oman), coordinators and directors in the education ministry
(Cambodia, Lebanon and Malaysia), and school principal
(Mongolia). They represent strong authority figures in terms
of teacher-training and science education needs, and can, thus,
provide an important perspective based on their experiences
and subsequent roles as trainers of others in their respective

=== 1 18
i

r
GM tube
shield holder

High volt_age module

countries in the quest to meet the RAS0079 goal of reaching
one million students and teachers by 2021. Their response,
though not necessarily applicable to all teachers and trainers,
can provide a good indication and overview of what could be
likely expected from the wider teaching community in their
respective countries.

2.2 The hand-made air GM counter (HMAGM)

The device’s development is spearheaded by the Japan
Science Foundation and it has undergone some modifications
from earlier versions' ¥ especially on the high voltage
modules and count display panel. The HMAGM set (Fig. 1)
consists of a GM tube and a high voltage module which,
now, includes a 10-second countdown timer that also serves
as a count display. The GM tube comprises a stainless-steel
anode, black drawing paper for a cathode and is encased in a
transparent container with a removable lid which constitutes
the end-window. It uses air as the active gas and 10% butane
as the quench gas.

2.3 Experiments and assessment

Each participant assembled his own GM tube, placed the
quench gas, and then worked in pairs doing experiments on
inverse square law, shielding effect, and radioactive decay.
A monazite source was used for the distance and shielding
experiments while thoron gas from a lantern mantle was used
for the radioactive decay experiment. The HMAGM, detecting
mostly beta particles especially in the distance experiments
and low energy gamma rays for the shielding experiments, is
also unique in that it allows direct and practical observation of
radioactive decay by alpha emission through the injection of
the thoron gas into the GM tube. At the end of the experiment,
questions related to the experiment where asked and each
participant responded independently. These questions can
be grouped into two categories: radiation properties and
measurement (including detection). The day before the
experiment, the participants had also received lectures on
radiation properties, under basics of nuclear physics, and
radiation measurement. They were also tested after each
lecture and the list of questions from the lectures (L_properties
and L _measurements) and the experiment with HMAGM is
provided in Table 1.

2.4 Evaluation of the HMAGM

Afterwards, a questionnaire was administered, in hard copy,

Monazite source

Fig. 1 The hand-made-air GM counter with set-up for inverse square law.
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Table 1 List of questions given after lectures (L) and the HMAGM experiment.

L _Properties

L Measurement

GM Experiment

y-ray are produced by...

Which radiation detector measures light (photons) to detect
radiation?

What kind of detector is a GM counter?

Which one has highest
penetrating power?

Which radiation detector is good to identify radioactive
materials contained in a sample and measure the radioactivity?
(hint: both the number and energy of radiations should be

Which of the following information
cannot be obtained with a GM counter?

measured)

Bq is a unit for...

Which detector can NOT measure energy of radiations?

What type of pattern is common to
radioactive decay and radiation shielding?

Removing one or more
electrons from an atom is
called...

A radioactive source is counted for 10 min and gives 2000 Which of the following materials used in
counts. The source is removed and background measurement for|the experiment is the most effective as a
20 min gives 400 counts. What is the net count rate?

shielding material?

A 120 Bq radioactive source
has a half-life of 6 years. In 18
years, the source will be...Bq

A radioactive source emits 2000 radiations per second. Your
detector measures a net count rate of 100 cps. What is the
counting efficiency of the instrument?

Why was thoron gas placed inside the GM
tube in the radioactive decay experiment?

to each participant for assessment of the HMAGM and self on
a 11-point scale (0 to 10). The focus was on rating the attributes
of the GM counter: how well it illustrated radiation properties,
measurement and its contribution to the participants’ level of
understanding and ability to communicate. The emphasis in
this case was the current cohort of participants. The choice
of a 1l-point rating scale was based on PRESTON and
COLMAN’s™ assessment wherein the 11-point scale was
indicated as allowing respondents to “express their feelings
adequately,” an important aspect for the present study. In that
study,' the 11-point scale fared comparably with 7-point scale
in terms of reliability and validity, and performed best in terms
of discriminating power. All these influenced the decision
for the 11-point scale. Table 2 provides an overview of the
contents of the questionnaire.

III' RESULTS AND DISCUSSION

Teachers are a key stakeholder in future NST educational
activities, it is important to get their perspective on the device

to evaluate its full potential as a teaching aid for them and the
students they subsequently teach. Any successful replication of
the practical exercises with this device is strongly impacted by
their opinion, understanding, and confidence.

3.1 Evaluation & contributions of the HMAGM

The experiments conducted with a GM counter,
conventional and HMAGM, represent basic and fundamental
introduction to radiation science. These are key aspects that
must be understood by everyone seeking knowledge on
radiation including how to protect themselves via distance and
shielding.

Findings from the study by SHIMIZU et al.® showed that
“detection of radiation by students and its visualisation are
very helpful in educating school children on radiation.” The
HMAGM, not only captures detection of radiation but also
show its properties. How well the HMAGM can illustrate
these properties is an important feature for the eventual user
targeted in this study as they take on the responsibility of
delivering radiation content to the students. From the feedback

Table 2 Summary of survey questionnaire for rating the HMAGM. The applicable attribute for each question is shown with a

tick mark, while a cross mark is otherwise.

Question: On a scale of 0 to 10
Attribute Rate the following Rate the ability of the  |Rate your u?lderstanding of] Rate .your ability to .
. experiment/system to the following before and |communicate the following
for the experiment . . .
address the following after experiment before and after experiment
Simplicity v x x X
Clarity v X X X
Science v x x x
Engagement v X x X
Detection principle v v v v
Measurement Principle (counting) v v v v
Natural background counting X v v v
Inverse square law X v v v
Shielding effect X v v v
e On a scale of 0 to 10, how effective can you rate the air GM experiments at delivering content to
General/overall students
e On a scale of 0 to 10, how strongly do you think you can be able to replicate the GM tube design in
your own institutions? (space included for explanation).
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of the participants in this study, the device is very effective at
illustrating these properties as evidenced by the high rating it
received in all attributes summarised in Table 3. When asked
to rate their ability to replicate the device in their own country,
the rating was 6.1 +2.2 owing to the requirement for very
high voltage (5,000 V): citing safety concerns and, mainly,
difficulties to access it. This means that in cases, where this is
made available as part of a kit, the device can easily be applied
as a training material for teachers and experiment aid for
students. Thus, this HMAGM can contribute to teacher training
especially in scenarios where resources are scarce, limited,
unavailable, and expensive, a typical case at the secondary
school level. To address safety concerns for replication, set-ups
can be pre-assembled by the demonstrators so that students
simply use the device to conduct the experiments. The self-
assembly of the GM tube and preparation of the quench gas
accords the trainees a practical appreciation of the underlying
theory and mechanism of detection and measurement. In this
way, they can learn from some failures arising from improper
assembly and inadequate or excessive quench gas thereby
solidifying their understanding. To address inconsistencies due
to improper assembly of the GM tubes and incorrect amounts
of quench gas, pre-assembled and sealed GM tubes were also
provided to be used during the experiments. Most participants
opted to use their self-assembled GM tubes.

An important aspect of science education, in general, is
experimentation and the motivation to use science experiments
for teaching or learning can be greatly influenced by the

Table 3 Participants’ evaluation of the HMAGM. (rating is
given with standard deviation).

Attribute Rating (/10)

Simplicity 83+1.2
Clarity 8.6+1.0
Engagement 8.8+ 1.1
Science 9+1.1
Detection principle 8.6+1.1
Measu.rernent principle 014 1.1%
(counting)

Background counting 89=+1.6
Inverse square law 8.8+1.2
Radioactive decay 88+1.3
Shielding effect 93+1.1
Overall effectiveness 8.6+ 1.2%

*based on 15 relevant responses

teacher’s competence.'” The first three attributes: simplicity,
clarity, and engagement; also speak to the potential for
motivating teachers to apply this device in their school
experiments and assimilate into their own pedagogical
content knowledge. These would also impact content delivery
for the rest of the highlighted attributes. To support this,
Table 4 summarises each participant’s self-assessment on
their level of understanding and ability to communicate
the content before and after the experiment. It is clear from
the responses that the participants felt more confident and
competent after the experiment with HMAGM. A paired
t-test for the self-assessments on level of understanding and
ability to communicate before and after experimenting with
HMAGM shows a significant difference (P < 0.05) for both
scenarios. While conventional GM tube can illustrate these
highlighted attributes and perhaps perform much better, the
simple HMAGM gives trainees the unique and evidence-based
opportunity to understand what goes into such detectors and
why that is the case. This, if understood, will likely improve
their confidence in delivering the associated content in the
classroom. While it may be enough for students to just use the
device, the authors believe that it is important for the teachers
to understand the underlying mechanism for the detection and
measurement process.

3.2 Connection to the performance on related content
during the IAEA TTWS workshop

Figure 2 shows the frequency distribution of the
performance of the participants on the questions that were
given immediately after the experiment with the HMAGM as
listed in Table 1. Also shown are the performance for lecture
questions on radiation properties (including inverse square law,
shielding, and radioactive decay) and radiation measurement
(including detection).

Participants fared much better in the questions after the
practical HMAGM experiment compared to the contents’
theory particularly on measurement. Thus, a coupling of the
content with the practical experiment is more effective. In the
study by SHIMIZU et al.” it was found that 50% of students
found contents of lectures on radiation were difficult to
understand which influenced their level of interest in the topic.
However, the use of devices helped to stimulate this interest.
They indicated that most schools do not have devices for
radiation education and that teachers did not have sufficient
knowledge to teach on radiation. Thus, in the present study,
the HMAGM could be responsible for the better performance

Table 4 Participants self-assessment with respect to radiation-related content.

Level of Understanding (/10)

Ability to Communicate (/10)

Attribute

Before After Before After
Detection principle 54+22 85+1.4 5.1+£25 81+1.5
Measurement principle (counting)  5.5+2.6 84+14 52+25 83+14
Natural background 59+£25 89+14 55+£22 84+14
Inverse square law 5.9+3.0 84+ 1.5 5.8+3.1 82+ 1.4
Radioactive decay 6.4+28 85+1.4 6.1+2.8 83+1.4
Shielding effect 6.8+2.8 8714 6.2+2.7 84+14
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to somewhat similar question because in all the three cases the
questions were given immediately after the activity. There is a
possibility that the questions in the HMAGM may have been
easier for the participants but, together with the participants
feedback (Table 4), it can be argued that the use of the
HMAGM made a significant impact on their performance.

The performance (Fig. 2) and feedback from the participants
(Tables 3 and 4) confirms the need for practical exercises
for a complete understanding of NST topics* ' and highlight
HMAGM as simple, low-cost and effective tool for partially
achieving this goal. It further highlights the deficiency, hence
need for more focus or detail, in the area of radiation detection
and measurement topics for future teacher training programs.

IV CONCLUSION

This study has demonstrated that a hand-made air GM
counter is an effective device for use as a training material
because its use produced an increased level of understanding
and ability to communicate radiation properties. The
participants’ assessment of the device confirms its simplicity
and capability to illustrate radiation properties. Well-trained
and confident teachers represent a key stakeholder in the
posterity of nuclear science and technology education. Their
in-service or pre-service training that incorporate appropriate
practical exercises using simple devices, such as a hand-made
air GM counter can boost their confidence and competence in
delivery NST topics to students.
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From Japan to the World

Fostering Medical Personnel for Radiation
Emergency Medicine at Hirosaki University
Graduate School of Health Sciences, Japan

Hirosaki University Graduate School of Health
Sciences*

As many nuclear facilities are located in Japan, it is
necessary to prepare for the event of actual radiological/
nuclear incidents by fostering human resources with
knowledge and skills in Radiation Emergency Medicine
(REM).

Hirosaki University Graduate School of Health Sciences
launched a project to foster medical personnel who can
engage in REM in 2008 with the support of the Ministry of
Education’s special academic research project and has been
developing a project called “Advanced Human Resources
Development Project for Radiation Emergency Medicine”
since 2016. This project consists of four divisions: 1) REM
Education and Training Division, which offers a short-
term educational program to promote the training of current
medical professionals to develop more REM professionals
(Fig. 1); 2) Radiological Nursing Education Division, which
provides an advanced Master’s level education program
in radiological nursing (Fig. 2); 3) Education of Radiation
Risk Communication Division, which continues the base
expansion and improvement in the education of radiation
risk communication by offering services, such as continuing
education for specialists and students in radiation risk
communication (Fig. 3); and 4) Global Human Resources
Development Division, which fosters internationalism among
our staff and promotes the admission of international students
to the Graduate School by actively promoting personnel and
academic exchanges with institutions involved in REM in
Japan and worldwide. We have also carried out a joint REM
training with the Korea Institute of Radiological & Medical
Sciences (KIRAMS, Republic of Korea) once every year since
2013 (Fig. 4).

At the Graduate School of Health Sciences, we established
a Master’s program in REM in 2010 to develop future medical
specialists involved in REM. This program includes topics,
such as the handling of irradiated and/or contaminated
patients and the knowledge and skills related to contamination
countermeasures and decontamination, dosimetry, and
special clinical examinations. The program has produced
many individuals with a sophisticated knowledge of REM.
Furthermore, we established a Doctoral REM program and a
Master’s level Radiological Nursing Specialist Education in
2015, aiming to develop individuals who exhibit leadership
skills and provide appropriate medical responses during
serious emergencies, such as large-scale radiation disasters.

*  66-1, Hon-cho, Hirosaki-shi, Aomori 036-8564, Japan.

: IV ~ 3 e A - . | 3 ? E Tt
N o<
Fig. 1 Simulation exercise: “Handling radiation-contaminated

and exposed patients” at Hirosaki, Japan.

Fig. 3 Radiation Risk Communication “Discussion Meeting”
at Namie in Fukushima prefecture, Japan.

F 1g 4 Members of Hirosaki University forNO‘n-sité* REM
training with KIRAMS at Jeju, Republic of Korea.
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(1) 1SO/TC85/SC2 (HUSH#RBAFE) (C& 1T 2 ERRIRHE

EO— K2y TEBRBE=2 > JICHED 3 ERE
BREGESOERK | IIARBRK (A& AF)

K M NG 8 Je OMih ) D38 \Z B & 70 B EBR AR HEAL
F&HE (ISO: International Organization for Standardization)
OWERIZDOHRTORRET=5) ¥ 71T 5%
A & BRSO W THE 2 o 720 ISO DHITIE TC
(Technical Committee) 85 &\ 9 B ZHE XM T I -
B %, ZF O T O SC (Subcommittee) 2 AME A
LD #E AL LT 5, RaRE=41) ¥
ZIZDWTIE SC2 WD WG (Working Group) 25 2SHE
LTw3, HRENTIE, HAMEFEREZZIILD
& 2 HAREMED SC2 D FHRMAH 2K L T W Do [
FE I 70 BEHEALRE R & L CII BRI 0 FEIRE T AR HE 2k
(IEC: International Electrotechnical Commission) %3% 1),
WIE 272 & OPWITO VT IEC Btk WESHERZ0
BH 72 E12OWTIE IS0 B L o 2sBlkTH %o

BUE, SC2ou— Fxy FIZEFI) /B RER RO
FHEORROBHIEINTEY, TNEBFE 2 TR
BEFORBENEHME=7 ) Y 72OV TOF AL K4~
REDPRFEIN TV 5,

(2) ERFEHELRE [BRaBREMSHEE=2) 27

HA R4 L |OBE EHEHE (LEERFKF)
ISO TREBRTH 5, RANRERGME=2"1 >~
TIHA T4 Y OB EBAEDORIII OV THE DD -
720 BUE, 1SO BUKIZ ISR HS MM 52 (2 B3 2 BiA%
B BN, MEEFIAE R L 72RO X 7
=) YTIHT B EBRNATA FTA O HPLETH S
EVIBERDBD oI HA T4 1, FHEsE < -
BB RIS BIT % Partl & BRREERE < RIS
3% Part2 D EBTHER SN T VB, FiH A4 FF4 1
TREFROHINEZI Y A, HWE L CldRE % 28
DB D 72D OB, wit J OBREE P B E 55 A
DOEHR, BIE < BREAPAAR OB, BRI Wi R
DR, DAOERZEL, BIILHEROET ) JEH
a8t % 5 & LT IAEA OR4AIENER ICRP 574 &
OEBHZRMADIY ANd L) 2727 5%IE,
BANE=% 1) ¥ 7 OMEDT, ERMHTEEZZEERG
B L~ (EAL: Emergency Action Level), OIL @ HAKRY
B, €= ¥ 7 HEOEN R Epsikimo R L
b AR E NI,

He
=

YA HIL, BAKE= YY) U ZEOT R
BRE=F) Y TOHAL K734 VIZOWTOEREND -
720

32 28Hh 7 20EFE (RFABKICE T3 E45
EHRIDRRERDKEIE C RRBICET 2 FEPFIMERSERR L) :
SHFEX (E) BARRFHREREFEEE)

FHNEHHO—EE LTEBS N &80 Y v & OfiiE
DU, BRSBTS H Y v & O&%E O ENINE
BUROBEH L HUEHE W) BRD S WMED D o 720 HHLET
WEF & NEN OB W E 25 Oz lE L, T’
R OKR&S, BE BRSO AELBOE L, WEk K
TORNBETRER N R RDODL DD TH D, ey
vy, FRRE=%, MiT=5LLDBHY, Z0H
HLIESERLTWLHRRE=F L~y ry v ¥
AYELLBIE & U C HARPEFERIE (JIS: Japanese Industrial
Standards) LS Tw 5,

BRI ST ORER L D S22 7% o 728
DT ORI EHZR DALY 2 BAAMICRE T2 2 &
ZHME LTWwa, FATIE, AV —<A4 VERHEKE
Bk L U CllESR 0BMiAshas S 4, ICO Flfz 12l
| OFMEAAEAR, Z L TREBFRBRIZIZII A7 2
Zr—varo—RELTEGN Y V¥ TOENEHIA
EiishizZ e EPEHRIN TS, —FT, #HiRE
DRKEFENT X DT S R RIH R & 2508, HIY
FUAMREDOH L S, BRRORINFHHOBE, A
WCTHBT—5 ORI EORE, AWEROAS LR L,
¥ OFEPHA SN E otz SHRIEWSNE RS2
AR O & A O EF I, 18 S OB % =B
AR L, IR 7 3Rk 2 R o 7o L THAREN
DRIFE~OIY AHZZEHIET L W) T EThoTz,

S 53, ERBEEALIC G T oMl e R E T
FEOMERIRIZOWT, R AZ7IIa=r—ay
ELTOTF =5 DFCHIZOWTOEEEDH - 720

3.3 BAKOEECHKE  SBNRER (EER)
JESESLH F R & ) Bl B, R LI OB
BERRE =5 ) > 7k, BaRE=%") ¥ 7 kHoB
K SROPEL V) Py 7 THEDP RSN
RN KR IFEERHA VL TEB Y, FHE
OBEFNGRERHA O LR BT =5 ) ¥ 72T
DEFEN GO TV B0 fREBFHLIEN, 5
RS B E 2 2R e L' =8 ) Y TR b
DWRZEZIDE=S ) ¥ IEHA RSN TE 70
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EEFHDRRE S S 2 BE S D700, B
PR KA E= S 4 Lo FKMRERE M SN T 5,
—HT, B8 Y TEAOMR - B s EAWEFIC
B3 2 38, ZEE R ORI MBI O W T ORE,
T 5E A R DM R R 2 € = 8 ) ¥ 7 DLBARFNIZ O W
TOME, W SN2 BRAT= 5 ) v 7B oM
B e EMERICET 2 HE R L S BT LN,
A% 51X, EMC OFRFIZOW TR T hHEE &
DOHIENZDONWTO-EEEDN D - 72

4. B R X @

BRI T, FTHERSETHLETIN GRE
NAR=NT 4 7 A (BR), KA (&L ERFRS),
SR () HAREDIEZRRENRE) L eh
ZHORERIZEDS C BROFIRE 2T, im0 & L7z,
EERASIE, WEFRICBY A HEEEORBRE
LTE=%) YRR MRMEAMBER > 2 7 2 O RE T
%K, ZLTCINSORBFEOMROEZEEICOVWTE
At sz, KITKA 51, BEaRICB) 58T
¥ 2y OEENE, RO N EERT B 720 O ML T
Ay b7 =20 ) OBEE S5 AMEROIUR
WZOWTERMM SN, FHKIHI1E, BERE=Y
VYT EEHBESY ) YT DEZTTORCREREH
MEDTIICOVTOERI RSNz, T 2T
%, HRENTORAKBE=YY) v 7 OWHEkEH, =
¥ Y FEBOAMER, BREERANOMISIINT %
HR DGOV T OFERAIT N0
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5. 5 H W (C

Ry VBRI A EBLT, WEFHDECH - 2%A
pE=% 1) ¥ KMl oS - HEfiAS, ATEC - HMZBS
DV THEATHE I E2BHR L7z, T2, WEFRO
MAZHADOR L L THRANEE LG T 2720128 F
EE LM SHEBH B ELTIIITbhTHE LD
Motze —HT, WHSNIZEZ S v 7@ ZHERFL
B> B 720D FHSLEH D20 OB B OMGR & HE, %
FHEDE= %) v FEBYRLHE S N7 — 7 DD
v, 7— 5 DR 2 ORROMERANDFH, B
EERBMRZIEOMING E, W) MR EFEIF 72
BoTwWbE)Thb, 5, T=F Y ¥ FElKIZD
WTORBOLFIEETH Y, 7] & & Mgl R E
At ORI RO LN L, Zh b OHEED
722y, KV VYRIYTLADEH %, SFTEE%Y-
BT TOMAEN Zifim 2 SR O EL T 2 & BE
ThHbo

SRR 8 (S5l 9H)

o BEECLLYICEE § ORI ot vl
S L RREBRSERIBE S A 7 A A
L feseh, BRI, RBHENRBOEROM
REHIIR T F > W R E 2B 56 A 5 L
T, BB < R ERAT L2 D W TR ZE
E-mail: yu.igarashi@envsys.k.u-tokyo.ac.jp
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BARREYEFFEE [ICRP BEMANIC
& 2EAEIMR] EIRE

R I e

1. & U & (Z

2019 4F 6 H 20 HIZHHTR AT BT [ICRP B 5 I
AU BT 2 ENEN ] &L - (—+) HAR
Ao ER#, (—H) HABRFRZ &GP R0
IO TICHE SNz FHRICK D ESMEFIR 96 %
Tho7z E1R),

ICRP (EBEH M #ERE ) 0”& IS 2 EN
B2 RANRROMHA b, BHIEER G
KF - REEHRAERR) ofSEEO%, SHTE
KO ((EF) BHARBEF e 2EE L T2
DOFENATbN Iz BILEFEK BHERIRE) 55
[P 72 HAHSE O 720 D IR AR O U R BG #AR B 7
AR5 4 v ofk] LELT, ROKBEOH L
BREE 0 8 F LS )0 72 BE O BETHIR IS D T o Rl 4
g IS ORI BEDT) 205 [1ICRP2007 4R 5 o
Y ANUCET 2 ENTOMEHIRIIZOWTJEELT,
ICRP @ 2007 4E#h 5 O HUA NI B3 % Ui & o %
EDOFFRNBFIIOVT ORI D - 720 DT ICEK#EHD
Ry RONEIE ST B

2. BE1HELRATERDZODKEEDKFER
BAREICRB 1 KT 414 > DIER

2019 4F B o J5T- 3 BLHI T 0 JRCS 6 22 4 L 0T 7 ik s
HIEREF DO P THD 5N T B KERD TR HE %12
BBTA FIA4 Y DIERIZOWT, FALMEE ORI
5 A® 5 720

TWHE % 5 2011 4@ ICRP O R 0 K iy Ak o i 2 B

Tsuyoshi MAEDA; Impressions of Japan Health Physics Society
Lecture, “Domestic Trend about Incorporating ICRP Recommendations.”
(EIBF) H AR F I TE B FERRBEAZIRHL - N » 7 > FFSE
B SEFRIMAZIREL T A & v B E T RO s B SR A
FRRHEA RFASAR 4-33 (F 319-1194)

Radiation Protection Department, Nuclear Fuel Cycle Engineering
Laboratories, Sector of Nuclear Fuel, Decommissioning and Waste
Management Technology Development, Japan Atomic Energy
Agency; 4-33 Oaza-Muramatsu, Tokai-mura, Naka-gun, Ibaraki
319-1194, Japan.

#  Corresponding author; E-mail: maeda.tsuyoshi@jaea.go.jp

*

BIR K[50HT

DFIE TIFITAR D PO, 2021 FFEEDOH LWV
e RREE 2 ) AN 7= EIN A O REAT IS VT 72 U ik
KROBEIZOVTHH SNz EEE % 5345 O M E
P T [ BRI 2 K SR Sl ' =5 ) v 7
WZHRBTA R T4 V] & [HERSHRERE BT 5K
IRPEDORBLICIRD A K94 V] 22084 F
A YOV EHEDTEY, BILRAHHL T HHH 2D
WTHIAD S H - 726

JECF- 7 K O BEHR 5585 % B C 7 WA HE [ 20 K SR o0 & =
FN U TREERY) I EDTREBRT LA TFELDZI LT
HY, M2 ET2FHEHE LTIROEREIZEND
8NS5 O 275 & B3 L HIW RO RR S F T S
720 BEMIE L - ABHEPIZS RN E 5T 50
BRINETRENT I b o 2TRdh o HREED
TERRIEES TR WA, 795 Y AD J. M. BORDY KD
G (“Monitoring of eye lens doses in radiation protection,”
Radioprotection, 50 (3), 177-185, 2015) D# 2z J5 % HI Wik
HOBELTEhvrikmt ERTWS & OBUIROMAN
D o720

e 725 Tid, (—1k) H AR B2 O
MR R AL R B 2 & b L TR Z D THB Y, 5l
EMEL L OFRAPLEAERDIVEDIETH-
720 VELDBUIRZEVT T % S FEMEA SEFLATD N, EN
2B B KEEEOH L IREREORANOE RH 5Bl
REREE TIELS AR LB TE

3. F#E2:!ICRP2007 EEEDOWMUANICET 5E
A TOHREIRRICOVT

ICRP @ 2007 FEEIH OMANOBIRIZOWT, bR
Wik X DR % B O HAERRIND S B - 72,
ICRP 15 % B L 72 A% 5 U FRB i 2 4R % BN 4
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DA % HE D TV 2 B MR E S O EIT O W TR
%, 2007 EREHE OB AN 2 EROBLRIZOWT
LS N 7ze 2008 4 X ) FEEASRHAG S N, BN
BIER 9 % EIN LA S 0B & O i & BE O 3l 23K
SN, 2011 SRR E LT ooz
TETHD, TOHK, WHEIEEH— I3 ETS
WU X 2 P 2 P e h3 d FilgoskilF o Thh,
HHE TR ONZHED 159 B 10 HBIZOWT
1, TCICENHIESICIAN S LT W5 & OFHlih
N, kYo SHH (ORMEOBSHREBEFH T
Bt BREE - WEMEE, @ Td % BOHREH RS
X3 B MR B, OMERESHT, @FIMMEIREL - PEX
HOLEZE 5 DR BERREE - BEWRH S HEAK o D i BE RREE
& GEEEIEL) 1XonTh, ML THETTH S
EDBURDIEA 3B - 726

WRE NS HE— R F IR BRI % 2T 72 8%E T
(&, 2007 B DOF 2 T HBMAN S Tz [T PG
DFERNHE 2 1 OFER—BEHRER ST BT S ] 23
RESNIZEDWAD D o720 T2, SHHTWDEY
FH OISO HT 2007 FRIEH BV TH 7ZITR SN T
W7eHIE RBEIE U 72 BB 3 B LT, Bedtriy Sk
HEDOHEIZINT 2R D HEA TV D & DR D - 720
Frk O M L O RO SO 2 1253 2 s R O LR H
LOMETH Y, 2007 FRIE VN ETERINTED X
IIHHE SN, BEHFICE T TRMEINTE L2
MTXBLREROERE 72,

4. b Y IC
ICRP I H5 DEIN~NOANICE T 5 2 DDOEE % b
Yy 7 A0S 2 NEHEL 720 KEROBESHICONWT

= 221

1, RBHNE 2021 HFEOH LW mREZ ) A7z
EATATISET T, BT 08 & BRI MR & 2
7oty NI — 7 ORENZHICEATVDHIR EF -
720 IKERD RSB D ILERETH 505, 4
B, UM B B3 2 JLam i 2 Bl B S O 1 D1 Ak 8
LI O GAE FITKBBICHEE L TW DT Rw s
W) I LA Z o720 ICRP @ 2007 4EBI i OIA IO
WU, RGO RO E IR B R ET
WOENEZEP LB OMANEZED THBBUIRE TO
WNZBE) T ENTEL BIEFHEINZDET T
10 FELLEHITH 245, WRUE WS H— B F ) B
FIUZ X 28HPW D H Y, EINES OB IZRER
VWL LTHDPo TWLIRNZHHT L5 ENT
&7

ARG %8 UC, ICRP £ O EINEA~NORANIZ
DWTH A4 LHEMAED LN TV DR ZIIRT L2 &
ATE, BUHREROMBAZHIZ L LT, BHOH
Mgl EHESERL T E, B LRGSR T
EDLLIHITHEL TV EW,

il B (x72 -XL)

1990 AEEBIRE T o W (Flg). K
PR REEBE I TR B ER OB 2 17
Do 2018 4F, (FEIBF) HAJEF 5L 5
- JEREE AL, REBFTER RN O L4
EHHHM AR SR, BRI, BRE
A 7V TR e O AL < FHIHR 2 E B IS hE T
BIRIEEBLE N R I Vb v

E-mail: maeda.tsuyoshi@jaea.go.jp
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5 RS MSEEICRE T 2 ERSHE
(ENVIRA2019) "D&MEHE

st metuenr ORGSR i,
A E

1. (3 U & I

20199 H8H2H1B3HD6HMIZHZY, Ivo
SVETLIK 1#i1: (Nuclear Physics Institute, Czech Academy
of Sciences) % Bl fi il Zs H X U3, Pavel P. POVINEC
i+ (Comenius University) % EIEHBEER 0K L
L C, The 5th International Conference on Environmental
Radioactivity (ENVIRA2019, B35 i 4 AE 12 B3 % [ B
&) BF = 3 HAEO T FNTH S Don Giovanni
Hotel IZB W ChHlfleSh7z B1RD. Z OER&#KZ 2
LIRS N, BTN 2017 IS T =T OY 1
Vo2 ZATHfEEI N, SHITSHEE Zo72, A&SFRT
&, HEREREE CORAE, KE, Bk, Rz E) K&
OB GliEK, AR, MM L) (2805
HIRRR ZN OB DLEE, K2 orilybsl ez
HiE L, RIGEIFR N HEIR O B A o 8 T
R EZHET 2R ARARICEREZENTVS, £
72, BRI, AR AV F— ROE AV F — w5
% RABRLOCANTOBRFMEHOEREE=5 ) ¥ 7Y
AT A, WP A P L7 L XL oy #RE % &
e AR O B A AT IE O BIFE R 2 1 5 O DB
b by 7 LTTRZIAIEETNTN S, HERF
FRPHML e EERBEB R SO EB RIS DD
7%, ENVIRA [IBRBIH RO MR A —FIZ & B ME—
DEFRZETH L. AaTIE, EHONEL LR BDH

LHEOBEIZOWTHA L2,

Shunya NAKASONE, Akinobu ISHIMINE and Kaori NAKAMURA;
Report on Participation in the 5th International Conference on
Environmental Radioactivity: ENVIRA2019.

TRERR AR Be B TSR + iR IR P B TR 74 S R 2T J5E 1
F (T 903-0213)

Graduate School of Engineering and Science, University of the
Ryukyus; 1 Senbaru, Nishihara-cho, Nakagami-gun, Okinawa 903—
0213, Japan.

#  Corresponding author; E-mail: k198602@eve.u-ryukyu.ac.jp
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F1 BH# 233 (Don Giovanni Hotel)

2. ENVIRA2019 O E
KHEOWHRZANLHEAL LT a Y OART, 21
H 12 ENVIRA2019 K 4% & @ Ivo SVETLIK 18 - @ BH 4%
OB I N7, WEFHEE (Plenary Session), —
M ITHE 3 2% (Oral Session) M ONHR A & —F85% (Poster
Session) 2SMHFE -7z (2B, vy ¥ 3 iL 13 DHM

g2 P& DO (ENVIRA2019 B MR B &K
2 Ivo SVETLIK 1#1:) . HELiZ ENVIRA2019 FHFH &
0 $efit,
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E1X tvyarolk

Recent developments in analytical technologies

Variations of environmental radionuclides

Natural radionuclides in the atmosphere

Marine radioactivity

Radionuclide impact of nuclear facilities and their decommissioning on the environment

Radionuclide transport in the environment

Radionuclides in climate change studies

R (QA| NN | B WIN|—

Progress in environmental radioactivity studies

O

Natural radionuclides in the environment

—
(=]

Modeling of environmental processes

—
—

Radioecology

12|NAA for analysis of long-lived radionuclides

13|Reference materials for environmental radioactivity studies

BIRIZIX S, 2 ORI ERIEAT THED 5
N7 (B1R). BEROPZ, WG - —MOERER
HHI 150 i, KA Y —FEIH 130 HFTH o720 BhNE
Iy R T VT e &k ETIT 44 S E 2 5 291
LTH o7

WAL LTIE, M08, BuHby:, o g
7, BT O - REAER, 65 - 720 /74
VB, BISEHUN RIS OMEIE 4 &, RIS WEIET
kA T b2,

KHEOER MYy 2L LT, 201l FOBBE T
JiFEEFTRE (DT, MR EFES) (B L 7 Re
GHR BT O R 288, BUNBARTY 2 8035 -
720 T NS IIIPFEHHE 1T Lo, ~RITEFEERP R § —
BKELETHBEOEEN D72 (BIF), wTh
DFFRIZH L L ORERDVH 2T, Bzt L
FTBY, MRS MR E LT AR BRI Tw
LI ERHEBITRLDZENTE, 72, F2U/
TA )R A S 30 UL AEE LAY, FiICB T A8

%3 HEFER DT

BB AT E R IC S B iRl 5 TB Y,
ZNOMZEHRERD SNE Az oz, 72, WEK
FEFIAHIT 8 EREE L, UL D FEUHE T S
LRI AENADY 20d %, Az @l T, H
JING VAR B 505 Sl 2 B 3 5 BRI RETF 28 D WL % [
BIICHRET 2 EVHADEE TH S LKL 72,

I TEHEHEOLOPEREZRHIIBVT, FICHZRIIK - 725
FIZOWVTWLODPR L7z, MEtiiy, K25 —5§
# [Determination of low level tritium concentrations in the
Czech Republic for tritium tracing applications | ASJLERRE
Molze AFERKBEFISEEIFELOREK GFFK) &
BEARFDO M) FTLDE=SY) 7R FERL, Mikh S
FRBREE AN B 2T > TeNETH o 720 F72, B
AH ) F Yy AREEEAE & BACE AR 2R L
THEY, ZOEBEREL LT, HFII% 5L L REIHE
ENhaZ e TmES A EA L, BUE R D S i o~
DEFYFTLDRADPHEKRT 2 2 & E2FET Tz, KRR
T UL S 5 HA & NREEBICALIE 3 % 7 = T JLfE
DREXRILT B LN TE, TZNOHHERPOREDT
LR A BT 2 BRI OWTIBET S 2 EASTE
LHTF—85ThdbELEbhi,

frE4EIE R A ¥ — 553K [Radon activity concentration
assessment in Pozalagua Cave] 2SEBREEZD- 7z, AFEHR
FANRAS YD ENNF 2B B R Y7 7 TR B
LREFIFVREOE=FY) Y 7 HFE R L7ZNET
BHo Tz WHREH T FVREIZEICH < & E[m
ERLTWz, AZFIEFLRL, AN RKLNE
TR EIND T E TIRIREZ/RT 2 EAWIRE LTH
HINTWiz, MHBEFEIBICHTTET 28 ICB VT
HARETOZ FEZNE L7 2HREPI N TS,
FEHRFZWENTENEZ R T RET T B2 OBHGIR D3R
WO FADPERODEDTHA L L, WFKTT K
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B O MBI %175 TWwWbe REFZETH SN 725Eil
T L BRROTBBMERIHMEZ /R L7200 EL
T—=7ThbEimEIK L.

HATIZ R R 7 = 3K DOFMIZB T [Air radioactivity
monitoring in Monaco (1998-2018) ] 25H & D4 OWF3E
IZBWTSE L ko7 ZOWFRIEREAK T OB PR
ERAZEICEY YY) VL, HWHEICBI SRS ER
HOEHZLETHL V) BDOTH L. LFIIFTA
74 =77 b LT E SRR & 25 & < i 5
728, KBBA A 2 IKRE R D TRICHRE Ffo 72, 4
F X 2 D47 B LA BT B B KA DR
OB ZIETLZ L2 AL L, BARIETYO
WEZIT) FETDH Do MHITWIMHERNFRET L2
B, b & R 1 AFEZ B U TEBPRATH S, €D
72, FRlOTFEEZZICHINHAOKEICS S22 THA
T UKRERDL B ED, BB )RR BT E %
ISR Z RS, FEL TV & 72w,

T2, —BROFEREROTRR Y —FRIIBVTIE, &
BB OLFEER TS 2 L HWIZ,, Bh-8EE
% PH#9 % Best Student Presentation Award 25i%!F ST
Wb, EEINZHORY CFg) LHEEAIEDTO
WY THbo

— #1833 (Oral contribution)

1" place: Ms. Sushine TAN (University of the Philippines)
Todine-129 as an environmental tracer for salinity origin in
groundwater samples in Pampanga, Philippines

2" place: Mr. Ivan KONTUL (Comenius University)
Radiocarbon analysis of carbonaceous aerosols in Bratislava,

Slovakia

KRR & —%53% (Poster contribution)

1" place: Mr. BHARATH (Mangalore University)

An improvised method for Carbon-14 measurement in
gaseous effluents

2" place: Mr. Michael KERN (University of Venna)
Increased negative ionization yield for the detection of U-236

and U-233 by AMS

3. BEEOMARKRAR

sERIE AR A ¥ —FEFDOPEIZ B W T [Characteristics
of hydrogen and oxygen isotopes and chemical compositions
in monthly precipitations collected at Hokkaido, Gifu and
Okinawa, Japan| &L T, KOWNEDHEEIT-7- (8B

He
=]

4R HARIZBT B REAN DY F 7 LREEOFHIZE)
ZWoPIZT A EEHME LT, 2016 4 6 12 Sk
HLHIIZ K S OBESR 2 5RICL, Bk ) F 7 DRREE &
KF# - BRFLEFMARLE, ALPRD DI 2T o720 Z
NHETF—=2ICETE&, ZHROBKOREERREAKE
725 FTRLIOBRIFIZOVTERE L7z, Fikrs [HA
DILFEPHIZ D72 B REIKH M) 7 LR EE O e B 7 —
5 R ORAKRDOLEEFRNVARL RSO T — 52y M
BE M) F Y 2 0BERHYT L5 ETRERETH L
B, Giebkbe LA, 7 — 2 0TI A TRL
W] koaxy hREE, SRHROMEIINT 5 EF -
varhpRLh)—E@ENo7,

PEHITR R Y =K OFIZ B\ T [Relationship
between the radon concentration of dripping water in
limestone cave and the amount of precipitation observed in
Okinawa, subtropical region of Japan] &L T, KON
BORFRIT o 720 MHBRIBICHTIES 2§80 (LT,
FRM) ZHDBHA P u—ErLHTREZRL, 78
BEEE R WAE L7ze W FAKRFOT F 2 HEE & F 5 s o
MEKET— 1280 %, SRl B0 HEICE Th b K
DEBERFEIZOVTER LTz WNOW TR R IZREKR
WCHEIL, 727 FYRELFEBKOBRICHY, BKE
D% VRN TRHP O T F AREE EAT 5, ik
5 [T TARENZITIUE, TIERLAIKERE %8 iy
HDT, T RVBENTELMENNCRD] Lv)axy
FETHWz, T X Y MY, EMLETRIRYy 7 2%
TNVEE L, KOB)E 2E5T 5 7% EOFGED YL
%ol

HAHE R R & =3 E DB B W T [Secondary cosmic

radiation doses during domestic air travel in Japan measured

FARX RAY—BEROMT
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by handy methods] &#E LT, IRONEDHEEREIT-> 72
ZIRFEHROERERNC & R, RATREH & O BIR%E
HoMcTprZex HE L, fislERE Tk
FHARO BN % FW U720 R BB OTRATIRFIY &
TEHER 7 OB % IEAEICHE X 2 72012, FEEE A% 0.01
u Sv EATHITEICEOR Mz L7z, Wk SI
KFHHMO BRI & KRR, RATHREB OISR Z R
T = 3D TRz D TREBIRGED > 720 BT L1
ARl Z 20 L, IR BT 2 2B 2R 5 X9 R
DHAZHREL TS ] Eaxy MaTHW, Th
57— OEBRL M HMER OB L HUEFIZANT, 4
B2 JLA TV & 720,

4. & #®

TINETHA LOKIEROREIRE, AXHEORME
WRHIEEH %  OBRE DR ZEY, SHMNITBKT
Wb T (B5R). EHIEL-T, it 2 b
HOEBZE~NOSME Y, EFETHOII2=r—
Ta YRS L TIIRI O XA &2 A3 2 & AT
2R, REFVFELTHEEFZT, SRBAEFETHO2
I =3 YRIET TOREITSL (o 72,

AR B LT, ERIWBFEBFRIE ) HHEELIC
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i) Epidemiological studies and their role in defining dose
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