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3.1 RADIATION EDUCATION IN BANGLADESH : STATUS NEED & OPPORTUNITIES

-Engr. Delawar Bakht B.Sc Engg. M.Engg. FIE(B), M(BSNDT).
General Manager,Marketing Division
Titas Gas Transmission & Distribution Co. Ltd.
105, Kazi Nazrul Islam Avenue, Kawran Bazar C/A, Dhaka, Bangladesh.

fntrodUctioﬁ

Since the emergence of Bangladesh as an independent state, the provision of radiation
education and training have expanded greately. Still then, since it is a developing country with
high population growth rate, low literacy level and located thousands of miles away from the
developed ones, it is difficult to transfer & dessiminate knowledge, particularly about the
subject of radiation at a speed & spread as required to meet the challange of tuture. So, not
only protessional training but also institutional and formal academic knowledge & skill
development is essential in the process of acquisition and transtfer of such knowledge.
Accordingly the courses on radiation & radioactivety including risk perception in general have
to be vigorously pursued tor the sake of satety and attaining basic concepts about health
ettects of diftferent levels of radiation.

Background

For radiation protection purposes, the health eftects of ionizing radiation are considered in
two classes : deterministic and stochastic. Deterministic etfects can occur when relatively
large doses are received, causing large numbers of tissue cells to be damaged or Kkilled, with
consequent insult to tissue or impairment of organ tunction. There is a threshold of dose
below which deterministic ettects are not observed, while above that threshold, the severity
of effects increases with increased dose. Radiation protection against deterministic etfects can
be ensured by keeping doses below the threshold levels.

On the other hand, stochastic effects are usually associated with lower doses and may or may
not occur in an exposed individual. The likelihood of occurrence increases with increased
dose. No threshold is presumed for stochastic effects and, at low doses, the probability of
occurrence of an eftect is taken to be directly proportional to the dose received. The most
common such etfect is radiation-induced cancer, which typically does not become manifest
until several years after the initiating exposure.

Scope and Reference of Radiation Education

In consideration of the foregoing, it has to be conceived that at least some general knowledge
on the research and application of radoactive materials as well as radiation and radioactivity
it selt should be imparted to students and concerned members of the public to avoid
unmeessary fear of risk and radiophobia.
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As such, it is further required to review the current status, need & opportunities ot such
education in Bangladesh in these tields in the context of National & International regulations
and recommendations of TAEA, UNSCEAR, ICRP and Bangladesh Atomic Energy
Commission (BAEC). In this connection due provision has been made in Nuclear Satety &
Radiation Control Act- 1993 of Bangladesh,

Current Status

Though introduction of Tracer Technology and Nucleonic Control System in Bangladesh is
still in the nascent stage,Bangladesh has been experiencing ionizing radiation in the application
of X-ray & Gama ray in QA & QC through industrial radiography including food preservation
and sterilization of medical products and research investigation in ditterent tields, tor
example, radio pharmac-eutical, soil science & agriculture, ground water studieg,
environmental studies, assessment of pollution of air, water, sedimernts, sewage as well ag
exploration of coal, oil & gas applications in terms of logging ot borehole. Further, so tar as
gas industry is concerned, all high pressure pipelines and installations are subjected to NDT
involving high strength of X~Ray and Gamma-Ray radiography. Inadequate training and in
appropriate precautionany and monitoring measures taken there of have already caused some
severe and tragic radiation injuries too.

Need of Radiation Education

In an exercise of assessment of need of such radiation education, a comprehension ot
definitions of basic terms, viz radiation, radiation dose, low (absorbed) radiation dose and
dose-response relationship including radiobiological & epidemiological estimates are essential.
Further, risk of ettects on malignancy, hereditary ettects and etfects on embrio etc. have to
be explained in an attempt to examine the potential day to day exposure ot working persons
in particular and members of public in general so far as industrial, health care and reseaich
application of radioactive materials and protection imeasures are involved thereot,

Opportunities

This sort of radiation literacy if properly imparted would help to take action or precaution if
any and thereby must relive the people at work and in the periphery of the psychological
stress resulted trom radiophobic feeling so far as peacetul use of nuclear technology is
concerned as pointed out by Prot. T. Matsuura at 2ICI,Sydney in October 1997. Such eftort
to enhance radiation education may not only start with secondary schools/colleges but also
include technical, vocational and polylechnic institutes too.

Upgradation of capabilities including evaluation of the scope, extent, rationale & involvemetit
of radiation education methodology in these spheres shall have to be made keeping in view
that innovative technologies have made it possible either to reduce the radiation levels or to
enable establishment of appropriate protection measures,
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Conclusion

Finally,it has to be stressed that an active and collaborative support of the country’s partners
in progress as well as co-operation & linkage programs of respective organizations of
Bangladesh & its friendly countries all over the world are developed on mutual benefits.
Simultaneously, national effort as per existing rules and regulations along with
reconmunendations of relevent International agencies may continue.
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3.2 RADIOACTIVE SOURCE SIMULATION FOR HALF-LIFE EXPERIMENT
Warapon Wanitsuksombut and Chanti Decthyothin

Office of Atomic Energy For Peace,
Vibhavadi-rangsit Rd., Chatuchak, Bangkok 10900
THAILAND

ABSTRACT

A simulation of radioactivity decay by using programable light source with a few
minutes half-life is suggested. A photodiode with digital meter label in cps is use instead
of radiation detector. Both light source and photodiode are installed in a black box to
avoid surrounding room light. The simulation set can also demonstrate Inverse Square
Law experiment of radiation penetration.

1. INTRODUCTION

Learning Nuclear Physics in school is quite difficult to understand. One methed of
teaching is trying to have the student learned by experiment. Most schools can not afford
a laboratory for a fundamental experiment on nature of radiation. Lacking knowledge for
handling of radioactive materials and cost of nuclear instruments made impossible in
implementing of such laboratory in ordinary schools. This simulation set is aimed at
providing simple and low-cost experiment to schools.

2. METHODOLOGY

2.1 LIGHT SOURCE TO SIMULATE RADIOACTIVE SOURCE

A small lamp is used connecting to RC circuit in order to simulate radioactive
source. The intensity of light is synchronized with voltage reading from a voltmeter.
Student will notice the decrease of light intensity along with the decrease in voltage at the
meter. With stop watch, student can determine half-life of the simulated radioactive
source.

2.2 FOR INVERSE SQUARE LAW EXPERIMENT

A constant light source is set on a stand located on a rail. A photodiode detector is
set on the same rail as light source and marked distance from the light source. Both light
source and photodiode are installed in a black box to avoid surrounding room light.
Readings electrical current passing through the photodiode detector are observed with
varying distance from the light source. Hence, Inverse Square Law is demonstrated.
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3. CONCLUSION

Gamma radiation emitted from radioactive source is the same electromagnetic
wave as light. The advantage of light is that it can be observed by eyes. The radiation
emission of any radioactive source is decreasing with time. It means the radioactive
source becomes less active, but the mass is not smaller than previous. Lamp light can
show similar effect by decreasing light intensity. A voltmeter is provided for
determination of half-life because the decreasing in light intensity could not determine by
eyes.

If half-life of a radioactive source is long compared to observing period, the
radiation emission rate assume to be constant. For inverse square law experiment,
constant light source can be used. Since light and gamma radiation have the same natural
phenomena, Inverse Square Law can be demonstrated.

The radioactive source simulation by light source may find their application in
secondary school, if it is desired to put the subject of radiation and radioactivity into
school level. Cost of the simulation set is substantially less than the true radioactive
source set. The problem on handling of radioactive source is also eliminated.
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3.3 /IVEHIC BT A BUHKEE

Radiation Education in Elementary School
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Radia(tni‘onal education in elementary school [ The Lessons to Measure Natural Radiation]

Lessons to measure natural radiation have been given at the fourth elementary school
of Hikari-gaoka, Nerima-ku, Tokyo, for three years.

The Method of Lessons: After hearing a brief explanation about natural radiation and
usage of a simple instrument of gamma ray named "Hakaru-kun."by a lecturer (Fig.1),
every child participates to measure dose rate at several measured points within the
range of school campus (Figs.5 ~14). They calculate the average value of measured dose
rate(Fig.2) and affix tags written the average value (Fig.3). In addition, by looking
at the photographs, through the imaging plate, of radiations released from vegetables
and pork, they are surprised at the fact that all the food have such activities.
Finally, they watch marks of alpha particles released from the ore of samarskite in a
cloud chamber.The alpha particles fly in alkohole vapor oversaturated cooled with dry
ice(Fig.15). They express their impression of lesson for finding out the existance
of natural radiation in their reports(Table 1 and Fig.4).

1. ZU®I
EREOMEE T Fldh3 < Ad & WD SRR TS CIHRTERT CO B AR
DELHMEL TWVB EWNWIEEA LIz A, L/ NEREIC T/INEEIC BSRBEHRS
AN E 300 LRLNIONE ST LD, HEEMEE XD b B N TR \E
D=RIZ. ERETIZLOTORGHEOREVRIBHEDO—IRE L UERID 2 EHDIRET
64D 3MiIciThh .
[BEON T34 ICHF 2B A EETHED ST TVSDS, HEHHEX THHEE
RIS [HBSICARZE L 1-8E& | ZHIEL T, ZOMEBICHER T A2 M2 F OB TIEE
. AHD ) NS B TERIIIRER T > T\, RRAHET IR TIERICR A%

— 196 —



JAERI-Conf 99-011

WHDIEFZSNZNDTTHS, THISICIRZELUHE ] L UTEBENWLE T, 1 LS
Ntz BEIDNEBOFEBOEBETIIATE D, EiE gL {EYEL S
ZEENT VD OHO TS, /INEROFTEDFICSH. BFIFDABE SN, iE
U T 1ERYOBEBEICIIBIEDAL DFEZBRH6T, YOk nili /B 3 408
DAL T BH>TFHRY DIz 5 1,

PREATED DI D, BEEORMILD T & 5%AFEDH S BARFEF A LR OIR
IEREIDHIEAZFIAL T, BEHEOERETFROBNTERL 2ikERAmIic BEEVL L /2.
REDIRDIT TE3< Al DIEVWHOFRIEZE &, FRNOBRREHRZRIS, RIER
%&Hﬁm mf&W@k%&v;7k%éoﬁ&k@ﬁ%i< IO, 3044

. s Ndna < Al TRFIFE ZFERl-> TERl- 2. ZFE I Ndna< Al
@Mimmzf‘4x—9y7ju—bfﬁ%ﬂtﬁ%&%mazwﬁxmw65M%m
BHTWAEF2#0HP TR, =FBIZ. X6RT7LT7 7 BOR2FHE TR,

PREOROARNCGIRAKICIREDRFEAZZENTHLO, FhEBEFEV LT, LR-+
RELDTWE, COEREITELRBEL T, /NEEOHEREIIGURNBERST LD, H
FROFEF A SEATE U VBELXER TV, 12Tt 2O R MEHEOEH
L THS [BEHER] ¥ 2 -XFEOI VLR 0 0FEIRYD, 21—
KEOIEESHAT A YV b —THE& T T h=.

REDPS, /WEBOMIGP., EOHE. SHBROBEAEEHC LI bL NG,

2. /NFRHHIOXIG

O DOIREAIRDAHICE 2D, P T HEEIRR S RO LB LAV ER -
Teo Z DRI S B DR ) OREHRICBEIRDHZ NV T Ly &N Db
E - TIEWEBSZNSITE NEFICITH LBAE S DIE0 0 Th-o1z. et F&/NEET
HR &AL, HLOEKKOEL ., REOEDFELELE-T-. HEOHHEIL. B
T UWERICRAA L TB N0, WAWAEEIEZEL T T&ARAORNICHERL T
WizlZWzk A, BB RIC> T 6Nz, 7|NERRD Z DIFRERFTFEC I/ INER DAL
EHDFAHRATED TREHSEN XN TS, FIxIE, 7 E8 : BB
5" QRO H5 (K1) o [E3H5< A OREEX 3G > TEEH e 9%
HETS, (F:EEE L OEl->TWAZE S 1205, /NEETIEE T 1 O[EDED IR

LMY 0> 2 £ 2o 12) X FHtbic vemwmeseens
”lj:z))%) < /U_] @{[EEE%%Téﬁ%@%)IE*# em s A mra WA

DIHEDRETH Do AOTHIBIE, T 73 [weun [F2H R [0 7200141
AVTRUATHEOT, BIRESIEHTFER (2T [ocas [005 0050|0022 pose
Y. Eiffite bOIHEEICIRD & LI & L j0.0! o200, 081 D020 |05
HCETh-olz. WEDKRDVIZIZ T Tdhs 0042 Doy 0¥ oP.o 23[bobo
< Al ’GiﬁUoT: 0" #2- foACi%’S.’_J:‘IfTJ] » & lowszjoons 0108’ 6022 P&
ERVWDNT B, EELFR EiTF e, FE[fLic T odsﬂk;xar;ws;im/;,z; AR Tro

LIBGHEDIHZD0bh-2h) LIREEZ LD %:N&f?u: ST BRI ) B LT
(<BTET. CORED—BORREMES FZs‘i*é?;:’*:’;_'i?%Eﬁl"’%hm

5 ——FF, BEOHE., BRIAEYOE [T |Exioscvritaictoniygon,
W12 Bh5E ARICKRER L -39 Tl & BYLANE wE, LT B4l DA

A L TV d2 e, T
INEETIE, —A—ANICEBREBEZEORT [ aae i | [siowiinsuiin

655 LRI RN ENS LT, B T *_» Pimte

B UL T ERLFORIIPLNTNV L Table 1 : GCERFEAR

= 197 —



JAERI-Conf 99-011

BbhAFHELF DA THEL TUWNOBEIRBIE 12 X, BRI DWW T FiHE
HEghsie . 2EBRUAY — FBIRIZSRETH D120, FA— A— ADEADEES A3
REINABETHHS. ChoEREL->T, BRBROHAREICZZ2DO0H NN
o FHEXAD—AD T LERRL TW26. EEXADBERIOEIEICA>TE T,

b LITHEHRDIN S IEDHE TN > TEATHOWE Uiz, BOE D ITREHRSW-IE
WTTWA LMD FHATLIZOTRVWFZ X TIHEZ Uz, J EBiLExEbhiz.
JRFFIRN DTS bW S b N OFEIT P - 12, R8RARIE. - TR,
DHUWVREDHERA F L. Ftl b0/ NEBFOBWHEIC. FieFitiz 50 iR
I ORER TTRWN=12 BIT, LR— M{EBC icUlz, IREDL R — hOFERIZ
RESEOTERETTH BIFUPIT S LI TEp3< Al CARBEHEZHl-> T
btz "L T EBLXED” T LeXREDT T ET DT ERNTHELDT LT BIFE
ATEZH” .7 b=z k., BRUEWCE” PHiEhiz. FUSBz2EROT+Y
HOSH > TNWBIES. FHAEAFCE U RERRICIITBELIOPRIC Y 5 28% Az, Tch
A BEUE T L0 LRES e, LR — MRk icHit/- bR, B
LDBHBANCHESNTNS, BlEHE DL HNHUS LFERDD e & NS BRI,
HOAFSEDMEDH -T2 — — —FERDZ LN WHIFRBRB LWL WS T e Z5T-,
[FEEISEIC 1 V2 & U TR 2 REHEOED 2 TS0 % —EIc £ 5IcZi 2
EFERC LT, B UEOBEHRZEO—ENCRIT THIEha &g,

FRED LD IKREOHEBTITONWABETIE. REOEBOH ULV INER TSR L T
WL 7281, EED> S/ \VERDITEASNL. BullXh s L5 LB HEE4AE U T ARG
EREETAHCLSEETHS,

Erf 8 AR BIERIDIE bt NIzgi X035, HUZED T, #il <R
R UHEHRYDHED D & TR Z I A3 X -, mseEIciREL R L
TIEL 128, RENBCFE-HORIE. HOBE. XRORIGELEL. THHFTEVN
o RIS HEICIZTERE BB U3 SBEHRICBEROH 2 B354 Lz 0. FeESEYH L
TBONAFEEREESHFin-> TRESTFL - b LSRR E =D 2.

3ERIX. BEHEHIMEOBBO TCEFEEZ ATz, FHBEOEE» SFEFEOED
FOEE %R, BRIOE L S—HEIUNFRTHRE L Thr. TChTTHSTI<E
UETL) LTHATODRATEBICRE O LTES 2. COFEDEK]RAITIE. 3 A
WERLU-6FETHL - LR D20 EE>TW2 1 OBALHEFEICKESEORIOH
BEHRDIEZ T 12, 1 1 BOBEEPSRZIFFFLDEEBDIRFEICEMEAN S L DIk
. fOTEFLFFIHDO TR TTIEELDIT -T2, Flf2b & —EIC Tdn5a<
~] ZH-STEVE->TEONE5EHE. Biie Ttz b e BERTFTRTEOhAEHED
ZBEFERLUT, PoEBUTERRLEWSEAIEAR., COREODHETOT-b%
Bt UteF v a I E — 7 — )LDFEE 324D "ENERGY for the FUTURE" I /v, 1K
EHR% A, R EMRSERETAHBHE] VWO RBUTERL TWa, /-
. —EE TR AH. FFHPAHSEL Y Y —O" HetiTb—" 1T [ESREHEE
[ 2 & U TERESEN ST TV,

4 FHITHEHELDOEEDORZADIH D . FTUWEROEEICIE 6 BiciTh >l 03h$
ZINERORES RZL TWEREWe D, BRI TEEICHE -2 Liz. BIUERICR
B D &S RIDEEIDENSE SN DD T, FEQEEDS FASBDIRI > 17, FHICHET
MOPED X > 2VE-> TF X S RHIRREEDS. EBEOBH D AVORREEICHE
ZIPFTLEE 20T, —BIC3RBIEXTZ. LT, FhoO/NEKTIE,. 5, 6
FEBENLETI LWbh T, —EIit UL o712, #L <inb - 7/ NERITBED
EDHEEBZI TBONADT, fid > TRENBOFRBFICFE->1-. BEQIHIFOE

— 198 —



JAERI-Conf 99-011

HEMEN., FHTEBFEVBIEN .

JNERES 20020 _ BHNCEVT T MBAFEEPEAZINSC LITRAHD,. A Fa
I ATBERICHEZINTEY., YOLHLE¥ERT 20, fEEZNEE TS, OB
BOEE¥ED B T 2IL¥— ) OZFIHEELVWEWND Z & TRLSEE > T\,
i w 1“-- q?; B

3. BABGHROFEZHIS

3. 1 [dH5< Al TEABGHZS
BRI RS T E 2 L EPST TS,

FEHPO, Ko, BYORPSHTNS

CEVWOBREEEEIC.  BEROZNE S
DN 2 HBHH. BYOFEALERD 2o

Lh. Mo LDFA LT —ILDKD LR N el i
Lo THRL THL D, LHRAERTZ SRR (T N

o FZ T, IBEHREES Nd»3< Al O Photo. 1 [31>% < A] D% <
Wir—A— AT T B, CO T Tdpag | HERGEHRREORRINR

w] ENS S T30 LREPTT. TATIZ ' ' '
EEREHF 12, ZVDiE2, 900H. &<
THb65, 000MiZE>72. 1 3AMBTS
EENWT FEWiedh. KEICLZS Bl & 20r
—SUCEBREDS 12 k512 TlEB <L A
DENAZHIK (BE1) . FEEOFRTRS
HATHEDY TS, HEIZETIEAANDG—DD ™
HUCEE > TWAD5k 2 OEiEASEH DT MY

BEE R

HUT &b FEsbnsigEne] LE<. ¢ [T .

C TREHROEHFIITTS > EDHEHEND “” l|
FARML . COLDICEKBGHRONERE O oo 7Y
WKILSDEBZL HDH L T, KETHSD A5 ADMEME (uSh) %0036

. fIESH> THEY T2 LTS EH/NXL Fig. 1 FERIZEO BAABEHRO®ES 5 7
TARZEMNTEALEPLEL . SE»S T I ADNEEEES Z7IcTsz kiUl (
1) o« TH—2A wF%HT Ly Ew LW BEHRO ASTE CHICHEIE SIS
MEDFIERSEE D, ' : A
SERE SEAETE O, BRI AIEHICE -
TWEWEEbHZ. UL, FIENHE
TIHEEEFPAR—VOBLETHLLHT
DT, #HHH3 TENUTLIWARE L EW
WHT. BETCAHETATF EECHETS
Fb3 (BEE2) . MBHEAZ4EETE
S TWVBDEN, ENTWSFHDINDS ! =4
o BARZC LHIRVRUHTLALHIZ BN 2 A8
CDTHA D, hoto. 2: )% EHE TS
FD%, F1EBIE MR SELEI> THWOWNLD L WDWIRRAEEDOBERIEDE 5
THE 23S HED SO FD L D ICRTHL TWo 1. BEANDfEIREBbhs L
A, BIZIE. BEEDT - EPIIIFRTL TERICII> 2. 300ETH - o>t
e HIMESICHBZEICRE > TE& . REETS. BEHIOZE > A0 E>57;
& AERBNTWED, BRL £l THNT, BEFOHTHEL L TV o128

— 199 —



JAERI-Conf 99-011

WREBLHH-T2e FOVEODERUFDOL VAT, T4 —+. fedWF—J LWAFED
FOREIZ. BALE-> TTolz. BHYFOFFE TFEWNIOEIZSTIC2 > TEY %
AT LD ICHE L TE-> TE . EEFSIIHRES BN WY DI TV 12
DT, BWikicz>72. 3HDH> B5—H. 8. fidsE-72. BAOBGHIORITIREE
L OEL otz Chid. OBVEED. SR hn v bkpFRE—FEICHED., Bk
BDIEH, WMEEBRHB TE =, TEROBIEZ DI L BhE 5 & 5 S aillEx Uiz F
ft, BT, BEOHDY: A5 L Ul SaWERT AR U2 0. Bl FOmiR% R L
=0, BEOHE., b1 L. BFE2EXTHELEZY. 8llmRols 2o, KE
ZOXRDE AR -0, TEXOMmAIZLE U D FarOOESa Akt TEBANK
WIERRT. BIZIE. BEE. BAESE, L X—20h, GEHEOEB EICEUE-> Tll-
20, BLWOLOELTEIL. fFZE0RCEHREZHI-120. Bo0OMOFREl->120, FEF}
FICRED., FYEERO-EMNBICHREEAEEX. RADIEAZHZV Yy 7O HIChE->T
7 (BE3) ., cOEBIZ. RUHBHRZH-> TORIEEIZHAEDE DITIESDNTY
A r. HESELHELUTEAICLDENEC A, BRNEZAWHAHE L HEBHEU T
FERE LIHDB. BB Dotz e, BELIEWC " ORICEdEAZEL (BEY) .

——yT -

Photo.4 : [@&A8AE

Photo.6: EENE%H5LOF

Photo. 7: jEEF% A HDT Photo.8: b+ LDFAINEHIS

— 200 —



JAERI-Conf 99-011

“HFHORET SFEO 3HIITDI . B Y IERRIBDIEDS b TSR — S0
HE%A GMatEEEEAF > TAFF L L BICEELU THE S, PRI TE=2 A M PA
HIZEFEEVZ { FHLN TWT, /NEROBOEEROGELIEEE Thd. [Ehrs<
~) DHIEZRBEHROBNE CABNE C AR EEBRTES LI, BRE (BES) . +
OEEE( BEELT ), ML (BES ) . 77— (EHI ) | HEEOL (BEL11)
. AEREEOAEXIIFEYROL VA LREL. FEbEL Uz, LHL. FhllLdly
DN FE, AEIHIEEEZZENTHLS D Z &1L, {EEEOAEIZ0.100 wSv,/h
CHNGHTTNT, BBREICERTRZDEVD T, FALOEHIRSKED > 12D, Ld
FHEHE 1 2I1S5RT LB TIES LVDEERN T Iz IECRAROH LS H 51T
& VAP TN,

Photo. 11: *Fﬁ%@?ﬁ”ﬁ%’%b“) T?fﬁkﬁé Photo. 12: Eiﬂ%?ﬁllé (tEUD?@%A)

Photo. 13 : 7 —ILDKEKNTZERCHEIA  Photo. 14: 7—)LH A R&EHIS
HAWEOSFT. KTCHEHP S A EOSNTNAC L& EPD A 1-2OIERAD T — LD
Kbtz 2y, - A REBIUTHAC L 2iENID, KTBEHIIPEZE
ohbZ %L (BEI3 14) .

— 201 —



JAERI-Conf 99-011

3. 2 B\YIBAREGHSEEHTVS

FHOMEREINCEDE T NdH5 < Al OHEIELINCEEREKEDOBRIEDSA ATV
J7TL— FTCRONFSERERRZ Y ORI S bGHRSHE TWAEF %2 0HP TR
'3, ENHOBESHRIIEENCE TN TS0 ) 7 ATHE» SHEHSH TWS, £h
ZENXTWAEREDS RGBS H TV EHIAL T2, Ftl-bickt >To YRS b
DIRE D 1= DIPRIEICTR E DFALPE X R T3, BRADIEED & & A TGO
HHHD o 123R% R o 12T D SITBETKIANE L A Y TTWRWND B 5
128 DEARDI B> 17,

3. 3 B THEHRORS % R5
=HBlIE. YIILAF - WHEAEPSD
TNT 7RORSBRONSFREZMAS (
HHEI15) . IR A 2EEETHEH05.
BUHE% Rz L BdAENTNS T
Wize F03072000d, BOHBSR A &~
T. BABGHEORET THBICRA5bD% ,
SIINERTHZI SN B ] LN KBEIDR | e
717, BARCIZ LS UWRIR TR #47>  Photo. 15: TR CREHROMRS% 5
A2 NTWS, FIXIE, L2V ETFL-L X DPTTL 2080012/ AbasbHL
TWAEDIRH AT/ BEHESED 120 £ 5TV DDBYH LA T2/ BEVEED L
HHOBN-> L AA—E UTRNE /5 TEVTBW-AFitEIZL THrE £
BIENE /Pl 2V RATOEDOTH L EBHD YL —aSH-0WTLT /gt
BERETEZETNAATWTCREIL T,
3. 4 REHICEfRL -85S

BHIOFEQERMOREHROBET TL Y b Y > THI>TNWA 2 4 WD RV
Thhdontz, L b0 WD SEIIROEREZ THl> TW 2. FOEX TV b
VOXMERLIO1HF] Thotz. LY N UVOEEERZR T, AOZFIFEEBNTY >
KD, )=—RVEOPHEDBE—S%2H5-512 A, RIZLILPY~N)U b HIESOIREIC
L DEMNICEZRIBEON TS EBINWT, [EOZRIDHER D] LRES Ul TN
o BRAHEDS [—HMkanfliss U CILREIIR 2 LIz 6 BORRIDES L1 LEEPITOH
fzo BABIC [ BRXADREHGENCEID TVWAD T, oA > THI- T2 LN
TWFAEDN . i SR ICEIR L TWAHEEIC O W TE SN AIERO Tt 7k
DWBDOTIERVWEELZOND. FOALY, BOOHEBORNABHBD %Y > THIST
IGELTH S XL, Ft-HOBLLEL 2B THA D,

3FEBICILIBENMS NERIOREDRERSHERT AV b —THET THEHEEER]
1 EWINY Ty bEEST, COMFITFHROZICEZLFETHrIITED., BEH
D EMBH UL ENPNTNS, JRERITE NFEZHRE UTU20s —MRDA. $FHCK
ERAIC 22 oEHEDC Lhsbhrs ) . LR ChD. EXTHNUL. BEHIC
WTIBHS STV >z Al FrUWHEROB AL/ NEELRIC LD L RILVT
& ZDH, $EMERIEN7: K TEWD TV, COFIRORRIT T HIETL R —
h OFHICER SR TIEN TS,

AEHDAEIZ X 2 ) —FKFEOSVUYLERL 0 0FICHIZD, FHGIFTOF 1) -k
FOIEECOICERMSEZEEHE T+ V b — e STHTE N2 Fald¥ 2 —FKAD
fricld. /IVERDHEFEIENSHEZI TLUE>TNA LN C LS, ZRIFFEH-TWS
FAEASH2 DNz, BABICF 2 1) —RADS ) —WVEE 2 EH T35 5BV TlEa L)
BEENFEBPZ DN, 1272, ¥2) -FKAODOMDICL T LD RIFEET 21>

— 202 —



JAERI-Conf 99-011

D3, FAEOHMVANDIENEEE & DI/ NSVEPSOREDIBM TH 1> Lid. Brrr
HERTHE I F25Icidbr>TH S X2 THA D%
4. S5BOME - /NEECHHR T X 2B HBET

BEHRAE RIS E 218%0E 13025 < Al TlIBEIT»SEE > T, B XYICHEHHIE
WoTWAZ LEHORS, BFCHEHIORZ B2 LEPL TV -1z, it 5t
SETERTHIOh TV ol &, THEORHOHAECRETOHHIS Xh TV
S . FXRYBEBROWEICT > HLadis, LA LBHZL IZW->TWh-t, &
DINAERDIRZET TS LIiTbh 2 5058035 5. FELUTWATHtSsN5E L, [
HHETZL< 2D, FEOFTHEH - 7= FEECEERTOSTIE U THHABRO B OB AV S
S, BEPCGEETS LD RERIB T TREORTRLU-BHESEZELTLES. 5
PUDERICIE, COREP 50" BE LHEROUIFER" ICESEZBULITWAC L

ZHAL, FHHICC OBREDOTFECTE L L TV L S ICBEINL L TS
o FAE BT NEETITE TEABEHNL O TRV, BVECABNEC A05$H5 ) #IHRL
THOXTLNEEZEZ TS, /NEBORIFR TE - 12 L 2 BRICGE T THAOL. L
F— bOFRATIET R THA D, BldRELEZTT-FHOBRIF SHEHRHTED Z &
ZEZ LN FEEREIV. BOLULRLO TSRS Tl - TX 1= 2 L flfiBucs
FANh SN, ZHIZRVWEEORSLOBY Tldir2 50, chwsiEsicizius, " B
KiFZEH3" .

RENBOR LB/ NERO 2EHEOHEOFEEYL LTt ChofBRTClZR e
Ab. ChLlEiczichgotiE. HERREZREC T THAD.

B UNRBEDOF TS, FIHOFERFICK D, £/-1588XNA5E O, # 5
D>, FARI- L OREOZITIEDHIEILD H 2 Z Losbh D), COBERLIT TV D
IZjE. X T S OIRBOB(LICHIGNS T E 5 & 5 Ilids itz h8T 2 2 L psih
BTH5. 20101, /INHEROFERAZB T A, Flt-bOERMICHEICE X 21
« BRI L DEFEE S LD USECHBATAHEEZEL T, /NEROKEEHO
REEMEFIC 2 2RO IPRINE TH .

LR = b ZELSE o TWAEFA FUE > TW52h, ffi-> TWAEESFHIcH
RTEDD, /|INEERRDODPRFEIRZLTWAD, 2F 292 UTIENWTWS, FOA5E
B U TTHO5SDORELDNRPE X J772 &/ NERDFHEHIH A TIAN TV,

RRFEVEA XN, EEICAEBTERS, BB BER24EESSVPSIZLHT
S, 644 LHEIOEBRIIERLZIERLEW. T35 Al THIRZERD, ok
HWOURW. BRIDREDLDIT. BNEZAENE A% TWA O BIZHENT
W5, S o1 D{EL o7z 0T 2Dt A2 FEChH 2 L HICEHIAL., FOHhT, Ft
12 B3RV MREF CHIE %35 X5 1% Dl ThIF =20,

B OERIZOHERRY 2 5 A0OGELETED S LI AGHITENT S 712/
» FEHOEKAIHRU-D. 2EOHEELHRLUIZVLTES1EADH, chuEELTY
BHE—HTHEE T, L B THEORI%E $T 28BS IHL L E X 5.

7o BEHHROEE»ICH S C LB ShhE. BFHOMESL 51235, BEt
BROSEDE D DEFICVDICE L DN, BAOEEEEPIIL T TS %, B4
ETHRENX B ERIICENSC Ll BifEHoEEL LTRIFANSHhS. 5
. TREHRA R U 7-BRRITR A T 5 ORI N A D TR U W L B S L5,

1) DINEE, BEHRERS. FREEMRINER T S5 2#7& | "ENERGY for the FU
TURE" . 1998 No.1 . 38-39 . +¥a+ ¥ —7— L#kstt

2) TERSREGHHEER) =FETERSEE. FEFAPAHEEY Y- HE Ui
—" Vol. 42 (1998)

— 203 —



JAERI-Conf 99-011

3.4 How would we deal with radiation related issues in high school
educational programs?

Kuniko Saeki
Attached High school of Akita Keizai Houka University

Motivation and Purpose:

We imagine that current educational curriculums we rely on will be more
improved and the materials in schools will be somewhat different by the year of 2002
when students have two days off in a week. Unfortunately, it is a well known fact that
recent Japanese people’s level of understanding about Science and Technology is the
second from the bottom among OECD nations and, as a matter of fact, few schools are
dealing with scientific issues such as atomic energy or radiation. If the day comes
when those issues become very close to our ordinary lives, or it might have come
already, we would hardly expect most of the people to be ready for the situation.

| consider that we, teachers, should be more involved in planning the school
materials and educational curriculums that directly cultivate thoughts and knowledge of
young adults who are going to lead this country in the near future. And then, we
should actually encourage the Ministry of Education or the committees of education to
reconsider current educational programs and to increase materials that include more
issues related to nuclear power and radiation.

Since | have a freshman class this year, | surveyed what students know about
atomic power and radiation, how deep they studied in previous schools and what kind of
interest they have in conservation of world energy sources or environmental issues
discussed today.

Method: Obtain information from 328 students (7 classes) by the questionnaire method.

Date of the Survey: April 8, 1998 (A week after the entrance ceremony of freshman
classes)

Results: Following
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uestionnai

This year is the 100" anniversary of discovery of "Radium" by Marie Curie. Now, | would like
to ask you following questions; please circle the most appropriate ones for you.

(1) Do you know what Radiation is? ® Yes @ No
(2) Do you know what Radioactivity is? @ Yes ® No
(3) Do you know the difference between "Radiation" and "Radioactivity"?

®© Yes @ No
(4) Please write anything that Radiation and Radioactivity remind you of.

| ] ) Reasons

@
3 =

(5) Are you familiar with the word "Nuclear power ge’neratibn"?
© Yes @ No
(6) If YES, please answer the following questions.
(a) When did you learn about it for the first time?
When you were in (DElementary School @Junior High School
(b) How did you learn about it?
Din class(____grade) @Mass media
(c) What do you want to know more about nuclear power generation?
(D The effects of radiation and radioactivity on others
@ Accidents and break downs
@ Management and nuclear wastes disposal
@ The mechanism of nuclear power generation
® Future plans and something else
(7) 1 would like to ask you about the energy sources and their scarcity.
(a) Since when have you been interested in them?
@ Elementary School (____grade)
@ Junior High School (____grade)
@ Never
(b) How did you leamn about them?  (Din class @Mass media
(c) Please write anything that you want to learn about the energy sources and their
scarcity.
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(8) Please circle the subject(s) you know and explain briefly.
@ X-ray pictures

® Radiotherapy

@ Nuclear wastes disposal methods

@ Nuclear power generation mechanism

® Atomic Bomb

(9) We would like to ask you about various environmental issues.
(a) When did you leam about the word "environmental issues" for the first time?

When you were in O Elementary School ( grade)
® Junior High School (____grade)
(b) How did you learn about them? @in class @Mass media

(c) What do you want to learn more about environmental issues? Please write-
whatever you want to know or study.

(d) Please write all you know about environmental issues.
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The results of questionnaires

(1) Do you know what Radiation is? Yes 206 students (62.9%)
No 121 students (37.1%)

(2) Do you know what Radioactivity is? Yes 215 students (65.7%)
No 112 students (34.3%)

(3) Do you know the difference between "Radiation" and "Radioactivity"?
Yes 21 students (6.4%)
No 306 students (93.6%)

(4) Please write anything that Radiation and Radioactivity remind you of.

1. Atomic Bomb, War, Nuclear Missile 92 students (28.1%)
2. Medical treatment, X-ray picture 40 students (12.2%)
3. Chemobyl, Nuclear power plant accident 37 students (11.3%)
4. Nuclear power plants 34 students (10.4%)
5. Skin cancer, Leukemia, Diseases 34 students (10.4%)
6. Fearful, Noxious, Bad for health 23 students (7.0%)
7. Light 19 students (5.8%)
8. Uranium, Plutonium 9 students (2.7%)
9. Godzilla 7 students (2.1%)
9. Hiroshima, Nagasaki 7 students (2.1%)
11. Bikini islands, H-bomb test 5 students (1.5%)
11. Baldness 5 students (1.5%)
11. Air pollution, Pollution 5 students (1.5%)
11. Radiation, X-rays 5 students (1.5%)
Other 34 students (10.4%)

Radioactive wastes, Russia, USA, Aomori, Fukui, Infrared, Ultraviolet,
Microwave, TV, Sun, Acidic rain

(Total of 22 students: 2 students of each topic)
Ozone layers, Green house effect, Black cloud, Atom, Universe, Smoke,
Meit, Movies, Malformed child, Hadashi No Gen (Cartoon), UV protection
glasses, Electrocardiogram

(Total of 12 students: 1 students of each topic)

(5) Are you familiar with the word "Nuclear power generation"?
Yes 305 students (93.3%)
No 4 students (1.2%)
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(6) When did you learn about it for the first time?

When they were in

How did you learn about it?

Elementary School
Junior High School

In class
Mass Media
No answer

207 students (63.3%)
120 students (36.7%)

154 students (47.0%)
146 students (44.6%)

27 students (8.4%)

What do you want to know more about nuclear power generation?
D The effects of radiation and radioactivity on others 137 students (41.9%)
@ Accidents and breakdowns
® Management and nuclear wastes disposal

@ The mechanism of nuclear power generation

® Future plans and something else

A Notice

67 students (19.7%)
87 students (26.6%)
61 students (18.7%)
51 students (15.6%)

Among 207 students who said "Elementary schools," they learned
In class 106 students (51.2%)

Mass media

Among 120 students who said "Jr. high schools," they learned
In class 48 students (40.0%)

Mass media

(7) & (8) Please circle the subject(s) you know and explain briefly.

101 students (48.8%)

72 students (60.0%)

Who became interested in the topic
of the energy sources and their
scarcity when they were in (From
question (7a))

(D X-ray pictures

Elem. School.
(41 students)

16 (39.0%)

Jr. High School
(142 students

60 (48.6%)

94 (70.1%)

Unconcemned |
134 '

@ Radiotherapy 6 (14.6%) 36 (25.6%) 14 (10.4%)
@ Nuclear wastes disposal 11 (26.8%) 22 (15.5%) 8 (5.9%)
@ Nuclear power mechanism 8 (19.5%) 57 (40.1%) 43 (32.1%) !

® Atomic Bomb

16 (39.0%) 57 (40.1%)

43 (32.1%) |
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(9) We would like to ask you about various environmental issues.
(a) When did you learn about the word "environmental issues" for the first time?
When you were in@Q Elementary School 181 students (55.4%)
@ Junior High School 122 students (37.3%)
No answer 24 students (7.3%)
(b) How did you learn about it?
O Elementary School

In class 97 students (563.6%)

Mass Media 77 students (42.5%)

No answer 7 students (3.9%)
@ Junior High School

In class 49 students (40.2%)

Mass Media 71 students (58.2%)

No answer 2 students (1.6%)

A Notice:

The students who answered "I'm Interested" in section (7)&(8).
(a) When did you learn about them?

1. Elementary School 134 students (69.4%)
2. Jr. High School 39 students (20.2%)
No answer 20 students (10.4%)

(b) How did you leam about them?
1. Elementary School

In class 69 students (51.5%)
Mass Media 58 students (43.3%)
No answer 7 students (5.2%)

2. Jr. High School
In class 20 students (51.3%)
Mass Media 17 students (43.6%)
No answer 2 students (5.1%)

The students who answered "Unconcemned" in section (7)&(8).
(a) When did you learn about it?

3. Elementary School 47 students (35.6%)
4. Jr. High School 83 students (62.9%)
No answer 2 students (1.5%)

(b) How did you learn about it?
3. Elementary School

In class 28 students (59.6%)
Mass Media 19 students (40.4%)
No answer 0 students (0.0%)
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4. Jr. High School

In class 29 students (34.9%)
Mass Media 54 students (65.1%)
No answer 0 students (0.0%)

(c) What do you want to learn more about environmental issues?

B B . (Interested Unconcemed Total
How to solve the issues 33 students 26 students 59 students
(18.0%) (19.4%) (18.6%)
Global environmental problems 3 (1.6%) 8 (6.0%) 11 (3.5%)
Greenhouse Effect 15 (8.2%) 7 (5.2%) 22 (6.9%)
Garbage:disposal 4 (2.2%) 6 (4.5%) 10 (5.7%)
Ozone Layers | 12 (6.6%) 6 (4.5%) 18 (3.2%)
' El nino 7 3 (1.6%) 2 (1.5%) 5 (1.6%)
| Deforestation 5 (2.7%) 2 (1.5%) 7 (2.2%)
Air Pollution 6 (3.3%) 1 (0.8%) 7 (2.2%)
Environmental Hormones 8 (44% 0 (0.0%

Topics less than 5 students:
What can we do? )

"Acidic Rain

Influence on Human body

Freon

Desert expansion

Water

'Diminution of nature

Next car generation

Clone

Chemobyl

Land subsidence

The Kyoto conference

_A_\—LN—‘NN‘—*NOWWO

QOO0 O|O|0|IO|C|OQ|=|==N

New energy sources beside oil

(]
N

Dioxin

19 students 7 students

N =l N =2 =N = S BN

26 students |
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(d) Please write anything that you know of environmental issues.

Greenhouse Effect 68 (37.1%) 41  (30.6%) 109 (34.4%)
| Garbage disposal ) 9 (4.9%) B (6.0%) 17(5.4) |
| Ozone layers - 46 (25.1%) 41  (30.6%) 87 (27.4%)

El nino 7  (3.8%) 5 (3.7%) 12 (3.8%)

Dioxin 7 (3.8%) 10 (7.4%) 17 (6.4%)

Deforestation - 20  (10.9%) 34  (25.6%) 54 (17.0%)

Acidic rain 62 (33.9%) 20 (14.9%) 82 (25.9%)

Air pollution 18 (9.8%) 12 (9.0%) 30 (9.5%)

Desert expansion 25 (13.7%) 13 (9.7%) 38 (2.9%)

Diminution of nature 1.6% 3.0% 7(2.2%

Topics less than 5 students

Freon
Land subsidence
The Kyoto conference
New energy sources beside oil
Minamata diseases
Surface of ocean
Milk container
Radioactive wastes
Medical treatment
Recycled paper
Food additive

Recycle
Soil contamination
Noise
Photosynthesizing plants
Influence on human body

olo|lo|oo|aalala|ala|alw|ain|n
b (=1{=] =] E =] Bl =l =] [=]=]
.h_.\..x_;._s_n_\‘_x[\)_;l\)_a‘m_n.hw‘

17 students | __ 10 students | 27 students
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Conclusion
| was able to obtain very interesting results that something | have never thought of. For
this time, | would like to present here just what | have noticed throughout this survey.

Question 1.2.3
Results were as | expected. Students are familiar with the words, but they do
not seem to know those exact meanings. They would need to lean much deeper
in high schools.

Questionﬁ
They seem to have both negative and positive impression, and it was also
interesting that there were almost the same number of students who thought of
Godzilla and Hiroshima or Nagasaki from the same words: radiation and
radioactivity. This might be suggesting that generations are certainly shifting.

Question 5

93.3% of the students know about Nuclear power generation.

Question 6

Two third of them leamed it when they were in primary schools and, among
those students, more than half: 51.2% said they studied in classes. On the other
hand, 60%, out of those who have known about it since junior high schools, said
they learned it through papers or TV programs. Namely, they do not teach much
about Nuclear power generation in junior high schools probably because the
topic is not very much related with problems of high school entrance
examinations.

The topic that was the most interesting to them (41.9%) about Nuclear power
generation was the effect of radiation or radioactivity on any kind of things in the
environment. We could include it in our educational curriculum in the near future.

Question 7
About problems related energy sources and their scarcity on earth, 43.3% of the
students have been interested since junior high schools, and 64.8% of those
students said they learned in classes. We can see teachers are emphasizing the

tobic in Junior hioh schonls However we also have tn nav asttentinn ta the fact
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issues at all, and 59.7% of those students learned about those problems in
schools. This seems more problematic to me.

Their particular interest about the topic varies, but more than one third of them
are worried about the shortage of oil and the emergence of new energy sources
that can be replacing it.

Question 8
56.5% of the students know about X-rays, and even 70%, out of those who said
they were unconcerned at all in the question 7, also know about it. Next well-
known topic was about an atomic bomb, and 36.6% of the total and 32.1% of
those who were unconcerned about energy related issues seem to know about it
well.

Question 9
About environmental issues, 69.4% of the students have known since primary

schools and 20.2% have known since junior high schools among those who said
they were concerned about or interested in the problems (in question 7)
somehow. It seems that more students learned about problems related to nature
and environments for the first time when they were in primary schools than in
junior high schools, and 51.1% of them said they have seen those issues in
classes.

On the other hand, 60% of the students, out of those who said those issues were
interesting and they came to know when they were in junior high schools,
learned through papers, magazines or on the TV. It is also interesting that large
number of students (62.9%), who first studied about the issues in the classes of
junior high schools, were not concerned about them at all.

The topic they want to know the most (in question 9) is solutions for those
problems such as Greenhouse effect, Ozone layers and Garbage disposal
(18.6%).

Topics they already know well are also Greenhouse effect, Ozone layers, Acidic

rain and Deforestation, and Air pollution, Desert expansion, Garbage disposal
problems, Dioxin are following.
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3.7 TEACHING MATERIAL FOR RADIATION EDUCATION USING
RADIOGRAPHY TECHNIQUE.

Masahiro Kamata, Sachiko Katagiri, *Shigenori Fujine, *Kenji Yoneda
Faculty of Education, Tokyo Gakugei University, Koganeishi, Tokyo 184-8501, JAPAN
*Research Reactor Institute, Kyoto University, Sennangun, Osaka 590-0494, JAPAN

Abstract
In order to develop a teaching material that helps learners to understand the interaction
between substances and radiation, a periodic table was prepared on which pure pieces of
nearly thirty element were fixed and radiographic images of the periodic table were taken
using X ray and neutron beam under several conditions. Obtained images are so clear that
they can be expected to be very helpful in intuitive understanding on the magnitude of the

interaction.

1.Introduction

Figure 1" illustrates that X-ray can be shiclded effectively in case the shielding
material is composed of heavier elements and that the interaction of X-ray toward
substance is completely different from that of thermal neutron. However, it is not easy for
learners to grasp the magnitude of these interactions intuitively even if they can read the
data in Fig.1 correctly. This is not only because radiation itself is insensible and invisible,
but also because we have almost no opportunity to be conscious of the intensity of radiation
in our daily lives. Radiation is something too far away from our daily lives and most of us
do not have rigid concept on it.

Despite this situation, a radiographic image for medical use is something exceptionally
familiar to us. Besides, it includes quantitative information on X ray transmittance across
substance, or the magnitude of interaction between X-ray and substance. This means that
most people, who are well acquainted with normal optical photographs, can read (or image)
the intensity of radiation 00—
from optical density of

the radiographic images. 100 |- o® J
o H
From such a ey *u o
. N o &
viewpoint we made a 10l v ‘e E

periodic table on which
pure pieces of many
elements were fixed
and took its radio-
graphic images under
several conditions.

Attenustion Coefficient [ cm2g™ )
e

0.01 L i
B 20 40 60 80 100
Atomic Number o iSiigar enil Absomption
& gS5/0A>10
A gA/oS>10
Fig.1 Neutron and X-Ray Mass Attenuation v Absorption Only
Coefficients for the Elements. ® &R'gymsrﬁ v‘;-°°3ev
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2.Experimental
2.1 Preparation of a periodic table
The number of samples used in this work is about 30 and they are schematically
illustrated in Fig.2. The length and the width of each sample is equal to or smaller than
10mm and 8mm, respectively and its thickness, which accords with the direction of
radiation, is 0.014mol/cm® (corresponding to 1mm in case of iron). In case of X-ray
radiography, these samples were fixed on a plastic sheet with a thickness of 0.7mm, and in
case of neutron and gamma ray radiography, they were fixed on an aluminum sheet with a
thickness of 1mm.
1 ]2]3]als[el7[8s]s1ofr1]r2]13]14[15]16][17]18
H He
Li B

Cs |Ba

| Fr |Ra | #* |Ung IUnp Unh |Uns [Uno |Une

Fig.2 Periodic Table (Prepared elements are hatched)

2.2 X-ray and Gamma radiography

X ray was irradiated to the periodic table as shown in Fig. 3 and the irradiation was
repeated varying X ray energy from 50kV to 150kV in order to clarify how transmittance of
X ray across a substance depends on its energy. The intensity of X ray that passed through
the sample was recorded on an imaging plate and was read out with an IP reader
BAS5000(FUII).

For gamma radiography (GR), the neutron radiography facility of Kyoto University
Research Reactor Institute (KURRI) was used. As shown in Fig.4, the facility has two
beam shutter; one is made of lead to shield Gamma ray and the other one is made of boron
carbide to shield neutron. GR of the periodic table was taken with the former one opened
for 5 min.

Imaging plate
Periodic table
| :"mm:m' - i=!

— “ - Film = - g ll i ‘:
X-Ray n cassette v LE}EI ¢ m ,[!-I‘—'Jh‘ oo Tam

— | [y S

le—— s 5 g
e
L

: Fig.4 NR facility (KURRI)
Fig.3 Arrangement for X-ray radiography
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2.3 Neutron radiography
Neutron radiography facility and CNS facility (Fig.5) of KURRI were used to take
thermal neutron radiography (TNR) and cold neutron radiography (CNR), respectively.
Yayoi Facility of Tokyo University (Fig. 6) was also used to take fast neutron radiography
(FNR). Although the principle and arrangement for neutron radiography is similar to those
for X-ray radiography (XR), imaging plates for neutron (Fuji) were used for TNR and CNR
while Kodak SR (X ray film for industrial use) was used with the converter F20 for FNR.
Irradiation time was 3 and 20 minutes for TNR and FNR, respectively. In case of CNR, the
beam size is 10mm in width and 100mm in height. Since width of the beam is narrow, the
periodic table was traversed in sideward with an imaging plate during 8 minute irradiation

at the rate of 300mm/8min.

Reactor building

Thraugh tube
7

Fig.5 CNS facility (KURRI) Fig.6 Yayoi facility (Tokyo Univ)

2.4 Neutron activated autoradiography

When the periodic table is irradiated with neutron for relatively long period, some of
the samples are activated. This work was designed to visualize which elements are easily
activated and decay in relatively short time.

After the periodic table was irradiated for 9.5 hours in the neutron radiography facility
of KURRLI, it was enclosed in a film cassette with an imaging plate so that the surface of the
periodic table was kept in good contact with that of the imaging plate for tritium use as long
as 1.5 hours. Seven and half hours after irradiation, this procedure was repeated to obtain
the image that illustrates how activated elements would decay.

3. Results and Discussion
3.1 Results of XR and GR

XR images of the periodic table were presented in Fig.7. Since the image of each
sample is getting white according to the increase of atomic number, it can be easily
understood that the ability to shield X ray increases according to the increase of atomic
number of the substance, which reflects the fact that electrons in an atom play an important
role in the interaction between X-ray and substances.
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In case of Fig. 7(a), all samples in 3rd period are black and invisible. This means that
they are too transparent to 150kV X ray. In case of Fig.7(c) elements in 3rd period are
visible and those belonging to Sth and 6th period are all white. Thus, the energy
dependence, as well as atomic number dependence, of X-ray transmittance has been
visualized in these three photos.

As for GR in Fig. 8, it can be seen that gamma ray can penetrate through heavy
substances such as Pb or Bi that can shield 150kV X ray almost completely.

2A 3A 4A DA GA JTA 8 8 8 1B 2B 3B 4B 5B 6B

=A-| G D0 0 1M FFD= 2 S0 000 L4-50um:S=6-1. D 2 | AB- 000 18D

(b)
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(c)

Fig.7 X-ray radiographic images (a)150kV (b)100kV (c)50kv

Fig.8 Gamma radiographic image

3.2 Results of TNR, CNR and FNR

The obtained images of TNR, CNR, FNR are presented in Fig. 9. Since neutrons do not
interact with electrons around a nucleus but nucleus itself, the obtained images are
completely different from XR images. Take B and Pb in Fig. 9(a) for instance, B is opaque

and Pb is transparent to neutron, which is exactly the opposite result of what was seen in
Fig.7.
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20 3A 4A S5A6A 7TA 8 8 8 1B 2B 3B 4B 5B 6B

(b)
2A 3A 4A 5A 6A 7TA 8 8 8 1B 2B 3B 4B 5B 6B

Fig.9 Neutron radiographic images
(@TNR (b) FNR (c)CNR
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In case of thermal neutron, neutron transmittance Io/I for each element can be
approximately evaluated by the following equation;

Io/I=exp(-N o x) 1),

where, N,o and x denote number of atoms in unit volume [cm™], total cross section to

neutron [barn] and thickness of the sample [cm], respectively. In Fig.10 the calculated
values were plotted against the measured ones that were derived from digitalized data of the
NR image, which was obtained using Rikkyo University Reactor instead of KUR. Although
they are in coincidence to certain degree, the deviation is not negligibly small. It is
considered that the imaging plate used in this work has some sensitivity also to the Gamma
ray as well as neutrons.

Generally, as energy of neutron becomes larger, peculiarity among species become
less conspicuous because elastic interaction become more prominent. Thus the image of
FNR(cf. Fig. 9(c) ) is similar to that of GR while the image of CNR (cf. Fig.9(b)) is more
contrasted in comparison with the image of TNR.

- P |
1# .{
08 “d

06 > g .

04

Calculated

02

0 b - == i —J
0 02 04 0.6 08 |

Measured

Fig.10 Neutron transmittance of various elements

3.3 Neutron activated autoradiography

As shown in Fig. 11, the elements such as Fe, Co, Cu, Zn, Pd, Ag, Sb, Te, W, Pt ,Au are
easily activated by neutron irradiation and Cu, Pd, At, W, Au are still radioactive even after
7.5 hours. These images illustrate how the activity of the irradiated element is determined
by the half-life and the cross section for activation. Take Cu and Ag for instance, activation
cross section of Ag is nearly ten times larger than Cu, but the image of Cu is much denser
than that of Ag. This means, since half life of activated Ag is 2.41min and that of Cu is
12.8h, the activity of Ag was saturated during the irradiation.
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Fig11 Neutron activated radiographic images.
(a) Immediately after irradiation  (b) 7.5hours after irradiation

4. Conclusion

A couple of photographic teaching materials have been developed which help learners
1. To understand how X-ray transmittance through a substance depends on atomic number
of the substance as well as X-ray energy,

2. To understand that the interaction of neutron toward substances are completely different
from those of X ray.

3. To understand which species are easy to be activated and how soon they decay.

Reference

1. P.von der Hardt, H.Rottger, editors:"Neutron Radiography Handbook", D.Reidel Pub. Co.
(1981)
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3.8 EDUCATIONAL EXPERIMENT FOR STUDENTS USING NATURAL
RADIOACTIVITY. I
(Radiochemical Analysis of **Bi in ENA and IKEDA Mineral Spring Water)

asahiro ata, *Mariko Nakamura and *Takao Esaka

Faculty of Education, Tokyo Gakugei University, Koganeishi, Tokyo 184-8501, Japan
*Faculty of Engineering, Tottori University, Tottori 680-0945, Japan

Abstract
A couple of educational experiments have been developed using natural radioactivity
contained in mineral spring water and a small GM counter. These experiments are safe and
inexpensive enough to be conducted at high school or university, nevertheless they are
quantitative enough for learners to observe half-life of *“Pb and **Bi, and to help them

understand the concept of radioactive equilibrium between them.

1.Introduction

After being A-bombed, most Japanese people have been so nervous to radiation/
radioactivity that it is sometimes difficult to conduct an educational experiment at school
using radiation or radioactive material however safe it is. Although they show the same
negative attitude toward the radiation/radioactivity used in other fields such as medical
treatment and power generation, they have exceptionally accepted natural radioactivity
included in mineral spring water as harmless one since before World War II. This means if
natural radioactivity in mineral spring water is available as a material for an educational
experiment, it can be easily conducted at school. From such a viewpoint, we have developed
several kinds of experiments for high school or university students using natural
radioactivity"® and this paper will present a couple of examples which use mineral spring
water of Ena in Gifu prefecture and Ikeda in Shimane prefecture.

2.Experiment
2.1 Natural radioactivity in mineral spring water of Ena and lkeda

Mineral spring of Ena and Ikeda belong to the most radioactive spring in Japan along
with Misasa spring in Tottori prefecture and Masutomi spring in Yamanashi prefecture. These
four springs are used and loved as spas for long time and even now a large number of people
visit for a hot- spring cure. Ena spring is located in the middle part of Japan, 4km northeast of
Ena station of JR Chuo Line. The water used in this experiment was sampled at Rousoku
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spring (TEL:+81-573-72-5047). Ikeda spring (TEL:+81-8548-3-2833) is located in the
western part of Japan, near (20min by taxi) Oodashi station of JR San-in Line. The maps and
photographs of the sites where water was sampled are presented in Fig.1.

The results of gamma spectrum of these two spring water are presented in Fig.2. The
results indicate that the radioactivity contained in these samples belong to uranium decay
series and that the radioactivity of ?’Rn was 3500Bq/L in case of Ena spring water and
2400Bgq/L in case of Ikeda spring water.

Gifu prefecture

Kiso River

-y -

Aichi Prefecture ~~=_,~”

L o
Pl L R B b e
"y

" Hiroshima

5,

]
I" Prefecture

Fig.1 Maps and photos of the sampling sites.

(a)Ena Mineral Spring (b)lkeda Mineral Spring
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Sample

220mL of Ena spring water
Counting Time

20000 sec
Detector

EG&G ORTEC GEM-10175

Sample

280mL of lkeda spring water
Counting Time

20000 sec
Detector

EG&G ORTEC GEM-10175

Fig.2 Gamma spectrum and measuring condition

(@) Ena spring water (b) Ikeda spring water

2.2 Measuring device (GM counter)

A GM counter used in this work is sold
from Akizuki Denshi Tuusho (http:/
www.tomakomai.or,jp/akizuki/) as a do-it-
yourself kit at the price of 10,000 yen (less
than 100 dollars). A GM tube used in it is
HAMAMATSU D3372 which consists of a
cylinder-shaped cathode (Smm in diameter,
24mm in length) and is designed for the
detection of gamma rays and high-energy
beta ray which is larger than 0.5MeV. Since
only *"Bi emits high energy beta ray with
large emitting ratio among daughter species
of *Rn, this tube is suited to measuring the
radioactivity of *“Bi settled radiochemically
out of Ena or lkeda spring water. The outside
appearance of the GM tube and assembled kit
is presented in Fig.3.
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2.3 Educational experiments to measure the
activity of *“Bi

Following three experiments were designed

and conducted.

Experiment 1.:

To precipitate *Pb and **Bi together out of
the spring water and to measure the
radioactivity of **Bi in the precipitate.

Experiment 2. :

To precipitate ?*Bi out of the spring water
while leaving #“Pb in water phase and to
measure the radioactivity of **Bi in the
precipitate.

Experiment 3:

.To precipitate **Pb out of the spring water
while leaving *“Bi in water phase and to
measure the radioactivity of ?“Bi in the
precipitate that is generated from **Pb in it.

Flowcharts of these experiments are
illustrated in Fig.4

The precipitate containing **Pb and/or
214Bi is gathered on Kiriyama filter paper
with the diameter of 21mm, covered with
thin polyethylene film, and fixed around the
GM counter tube as illustrated in Fig.5.
Counting rates (cpm) were calculated every
10 minutes using the counts accumulated
during that period.
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Add 10mL of HNO, and 100mg of Bi(NO,),-
5H,0 to 80mL of the spring water and stir for

| Smin.

\
Precipitate Bi(OH), by adding (NH;),, until
pH exceeds 10

(a) Experiment 1

Add 10mL of HNO;, 100mg of Bi(NQ;);+5H,0
and 100mg of Pb(NO;), to 80mL of the spring

water and stir for 5min.

— ' -

Precipitate Bi(OH); by adding NaOH (8-9g)

until [OH] is approximately equal to 1mol.
(b)Experiment 2

Add 10mL of HNO; , 100mg of Bi(NO;);+ 5H,0
and 250mg of Pb(NO,), to 160mL of the

spring water and stir for Smin.

Precipitate PbSO, by adding 6.5g of Na,SO,

(c)Experiment 3

Fig.4 Flow charts of experimental procedure

Kiriyama filter paper

N

Polyethylene film

Fig.5 The way of holding the sample around GM tube
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3.Results and Discussion
The typical results of Experiment1,2,3

are presented in Fig6. The vertical axis of each
graph presents a counting rate of the GM
counter and the horizontal axis presents time
from precipitation of **Pb and/or **Bi.

The counting rate, or emitting rate of beta
ray from 2“Bi, is proportional to the number
of ?“Bi, N,, which can be calculated as;

Np={ A /(A3 A )}Nyofexp(- A ,t)
-exp(- A ) }+(A /A )N exp(-At) (1)

in case of Experiment],

Ny=Nyexp(- A ,t) (2)
in case of Experiment 2, and
Ny={ A /(A A )N ofexp(- A1)
-exp(- At)} @)

in case of Experiment 3,

where A, and A, denote decay constant(s™)
of *“Pb and 2“Bi respectively; N,, and Ny,
denote the numbers of “Pb and *Bi at t=0
respectively.

These three equations were derived from
following two differential equations;

dN,/dt=- A N, 4)
dN,/dt= A N;- AN, ()
under the initial conditions of

Ni=N;;,, AN=A,N, att=0 6)

in case of Experiment1,
N;=0, N,=N,, at t=0 @)

in case of Experiment2,
N;=N,,, N,=0 at t=0 ®)

in case of Experiment3.
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Fig.6 Typical results of (a)Experiment 1

(b)Experiment 2

(c)Experiment 3
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The theoretical values calculated from eqs(1-3 ) are presented in solid lines in Fig.6, where
the value of N,, or N,, was determined arbitrarily.

Through Experiment 1 to 3, measured values is considered to be coincident with
calculated ones within statistical error in case of Ikeda spring water. In case of Ena spring
water, there exists a wide difference between measured values and calculated ones in
Experiment 2. The half-life derived from the measured values was close to half life of *“Pb
(27min) rather than half life of **Bi (19.9min). This means precipitates of Experiment 2 was
contaminated with **Pb from unknown reason.

When measured values in Fig6 (a) were extraporated to t=0, counting rates at t=0 were
182min'=3.03s* and 143min'=2.38s" for Ena spring water and lkeda spring water,
respectively. By dividing these values with 0.029, counting efficiency of the GM counter, the
radioactivity (Bq) of ***Bi can be calculated as 3.03/0.029=104Bq in case of Ena spring water
and 2.38/0.029=82Bq in case of Ikeda spring water. Since the **Bi in 80mL of Ena spring
water and that of Ikeda spring water were turned out to be 192Bq and 129Bq 2.21days after
sampling based on the gamma spectroscopic analysis, yield of the Experiment 1 is 0.54 and
0.64,respectively.

4.Conclusion

It was made clear that safe and inexpensive experiment was possible using hot spring
water of Ena and Ikeda. The results obtained are quantitative enough for educational purposes,
nevertheless no special facility nor special technique were necessary. By using natural
radioactivity, learners are expected to recognize that radioactivity/radiation is not something
special isolated from their daily lives.

Although there exists strict regulation against the usage of radioactive materials in Japan,
it should be noted here that these educational experiment mentioned above are free from any
regulation because the amount of the radioactivity is extremely small.
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3.9 EDUCATIONAL EXPERIMENT FOR STUDENTS USING NATURAL
RADIOACTIVITY. II
(Practical Example of Radiochemical Experiment Conducted at Tottori University)

Mariko Nakamura, *Masahiro Kamata and Takao Esaka

Faculty of Engineering, Tottori University, Tottori 680-0945, Japan
*Faculty of Education, Tokyo Gakugei University, Koganeishi, Tokyo 184-8501, Japan

Abstract
This paper presents a practical example of educational experiment conducted at Tottori
University, whose theme is to separate 2“Bi(+*'*Pb) from superphosphate of lime or the soil
sampled at Ningyo-Touge mountain pass. The results of this experiment are quantitative
enough for educational purpose, although the amount of radioactivity is so small that it is free

from any regulation in Japan.

1.Introduction

Although the words "radiation" and "radioactivity" are often used in our daily lives, what we
learn about these subjects in our school education of science is limited and only very basic part of
them is taken up in physics of senior high school in Japan. When it comes to practical work or
educational experiment for students to use radiation or radioactivity, the case that they are
conducted is very rare even in science courses of a university. The primary reason for this
situation is that the regulation against the usage of radiation and radioactivity is very tight and
that the measuring apparatus is very expensive in Japan. In order to change this situation, we
have developed several kinds of safe and inexpensive experiments using natural radioactivity and
a small GM counter'*?,

This paper reports the practical work of radiochemistry that has been conducted at Tottori

University since 4 years ago.
2. Practical work of radiochemistry in Tottori University

2.1 Background of the practical work
The practical work of radiochemistry has been conducted for 3rd year students belonging to
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Department of Materials Science, Faculty of
; o — : Table 1 Content of EMS Il
Engineering in Tottori University. Although they

-

. . . 1.Electrode Potential and Electrode Reaction T

learn many fields of chemistry such as inorganic | 5 Radiochemical Analysis

chemistry, physical chemistry and analytical 3.Distillati.on. under the Rt_efiuced Pressure .
4.Catalysis in Decomposition of Hydrogen Peroxide

chemistry through lectures and practical works, 5.Synthesis of 4,6-di-tert-Butylresorcinol
6.Synthesis of 2-nitoro-p-Toluidine
they had met almost no chance to learn about |7 preparation of Triphenylcarbinol

, S

radiation/radioactivity before this radiochemical

experiment was introduced in their practical work "Experiment for

Materials Science II (EMS II)" 4 years ago. The subjects of EMS II Half-life Decay
are presented in Table 1. "}J 447X10%y @
The number of 3rd year students in this department is 80 to 90. ”‘ll’h 24.1d P
They are divided into 6 groups of 14 or 15 students and are “Pa 1.17m B
engaged in the practical work of radiochemistry group by group. mt 2.45X10%y @
Since the practical work is conducted once or twice in a week, it  #o7p 7.54X10"y  «
takes more than 3 weeks to finish all of them. This means that mf?a . a
mineral spring water containing ’Rn such as Misasa spring water m]l% ] 3' 2 .
in Tottori prefecture is not appropriate for a experimental material i '
because the half life of *?Rn is less than 4 days and fresh material mLP @ Atim ‘
has to be prepared every time. “Pb 27m b
As a substitute for the Misasa spring water, superphosphate of 2“13i 19.9m B

lime as garden fertilizer or the soil sampled at Ningyo-Touge *po 16445 a
mountain pass in Tottori prefecture has been used, both of which  Fig 1 Uranium decay series
contain radioactive species belonging to uranium decay series.
Since superphosphate of lime is produced from rock phosphate which contains uranium, the
product contains **Ra, one of the daughter species of **U and radioactive equilibrium is
considered to be established between **Ra and **Po (cf. Fig.1).
2.2 Method of the experiment

The theme of the experiment is to separate 2“Bi(+*'*Pb) from superphosphate of lime or the
solid sample, radiochemically and to measure the decay of “*Bi(+*'*Pb) using a GM counter or a
handy type beta survey meter "HAKARU-KUN II", which Science and Technology Agency
lends to schools for free. Their appearances are presented in photo 1 and 2, respectively.

Since superphosphate of lime as garden fertilizer and the soil sample contain many kinds of

compounds as impurities, it is not easy to separate very small amount of one particular
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HAKARU-KUN I

P
Onm==y
BrREMsL
BT

=

B _Window for
8 -ray detector

(The front) (ﬂ';;-;a_ck)

Photo 1 Photo 2

radioactive species, such as **Bi, chemically from it. In this work, we made use of the fact that
only *Rn is gaseous in uranium decay series as illustrated in Fig.1, and is easily adsorbed onto
charcoal activated. This means, if a few grams of charcoal activated is enclosed in a desiccator
with 1 or 2 kilograms of superphosphate or the soil sample for one week as shown in Fig.2, **Rn
and its daughter species, such as ?“Pb and ***Bi, are accumulated on the charcoal activated. After
this charcoal activated is washed in a HNO, aqueous

solution and these radiochemical species are moved to  |Dissolve Bismuth(lll) nitrate (BifNO3)3 *5H0,
100mg) in Nitric acid solution (HNO3, 10m/

the liquid phase, it is easy to settle out *Bi with *“Pb

+H20, 30mi)
as precipitate of Bi(OH);. A flow chart of the ¥
radiochemical procedure is presented in Fig.3. Add Charcoal activated (1g) on which 222Rn

is adsorbed and stir for five minutes
(with magnetic stimer)

v
Charcoal activated (1 Q) Remove Charcoal activated with a wide-
in petri dishes mouthed buchner funnel

v

Add 25% Ammonia solution until pH exceeds
over 10 and precipitate bismuth hydroxide

!

Gather bismuth hydroxide on Kiriyama filter
. paper (21mm in diameter)
<+—1—Superphosphate of lime T

b

el ol 01; Nlngy& Wrap the filter paper with polyethylene foil
7 ? Touge mountain pass) nd put it around GM counter or under
KARU-KUN Il fo measure the 8-ray
Fig.2 Separation of 222Rn and the daughters m 214p;(+214pp)
from Uranium decay series Fig.3 The sequence of the experiment
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2.3 Practical Example

A time table of the practical work is
illustrated in Fig.4. At the beginning of
the practical work, a brief instruction on
the experiment is given to the students
and they (14~15 students) are divided
into smaller groups of two or three. Then
as training and as a measurement of
background radiation, the students
rehearse the experiment using charcoal
activated on which no radioactive species
are adsorbed. After this rehearsal, or cold

run, the actual experiment is carried out.

13:00

15:00

16:00

FA brief instruction on the experiment
(approx. 30min.)

-~ Experiment (approx. 60min.)
(rehearsal and actual one)

— clear up the apparatus

- A small lectlure on radiation/
radioactivity (60 min.) 15F B0 ~ B0 it

measuring time

~read data (from video in case

of GM counter)

Fig.4 Time table of the practical work

Since the half-life of *“Pb is 27min, swiftness is required. When they finish the chemical

procedure, they put the precipitate containing **Pb+*"*Bi around a GM counter tube or under a
window of HAKARU-KUN II. In case of the GM, the counters are put under an OHC (Over

Head Camera) and counts displayed on the scalers are recorded into a video tape. During this

measuring time of 70~80minutes, the students clean up the apparatus they used and a small

lecture is given to them on radiation and radioactivity. Although some of the students has learned

about the basic of this subject in senior high school, most students have not learned (or

remembered) it. After the lecture is over, the video tape is played back every 10minutes and they

record the counts on their own notebook. They are required to submit their report within a week.

The scenes of this practical work are presented in photo 3.

Stir charcoal activated in HNO3 aq. for
five miniutes
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Add 25% ammonia solution Gather bismuth hydroxide

Fix the Kiriyama filter
paper around GM
counter

Read recorded data with video 7

Photo 3 Scenes of the EMS ||
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4. Experimental results

A typical example of the results obtained using a GM counter is presented in Fig.5.
Although only high energy beta ray emitted from 2“Bi is detected by the GM counter tube
(HAMAMATSU D3372), the slope of decay curve is close to the half life of **Pb (27min) and
this means that *Pb is also included in the precipitate of Bi(OH), with *“Bi, Therefore, the

theoretical line in Fig.5 was calculated using
N={ A /(A ;- A )INglexp(- A t)-exp(- A ;) }+( A/ A ,)N,eexp(- A ,t) 1)
derived from

dN,/dt=A N, )
dN,/dt=2A Ni- AN, 3)

under the initial condition

N;=N,j,
AN=A,N, att=0 4),

where A, and A, denote decay constants (s”) of ?“Pb and *Bi, respectively.

The result obtained using "HAKARU-KUN II" is presented in Fig.6. Since this detector is
sensible to beta ray with lower energy<0.5MeV or that emitted from 2"“Pb, the theoretical value is
approximately proportional to A \N;+ A ,N,. Thus, the theoretical line in Fig.6 was calculate

with eq.1 and
N;=Neexp(- A ;1) (5).
It should be noted here that the sensitivity of HAKARU-KUN 11 is far better than a GM tube

(HAMAMATSU D3372) and has a function to store every one minute data for 10 hours, which

makes the preparation of the practical work much easier.
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Fig.5 An typical result measured with GM Fig.6 A typical result measured with HAKARU-KUN II

7.Conclusion
Since most students did not have enough knowledge on radiation/radioactivity for this
practical work, its educational effect must be considered to be limited. However, it can be
expected that students has got a valuable chance to study radiation/radioactivity based on their
own experience and they may change their too negative attitude toward radiation/radioactivity
usage.
Since neither special apparatus nor special technique is needed in this experiment, this

experiment is suited for high school students as a theme of their club activity.
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Abstract
The Tono region is placed in the south-east of Gifu prefecture. In this region,
there is a plan of construction of the Research and Education Park. As the center
facility of the park, the National Institute for Fusion Science (NIFS) has started
their research activities. ,
The Plasma Research Committee of Toki-city has been organized by the board
of education of Toki-city for about 20 years. The committee is mainly composed of
science teachers of elementary school, junior high school and high school in the
area.
The committee has measured continuously the natural environmental
background radiations in cooperation with NIFS. Its activities were started before
constructing the NIFS laboratory buildings. Now, the new measuring points in
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