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Current Status of SPEEDI Operation and its Tasks

Shigeru Fukuyama
Nuclear Safety Technology Center
5-1-3, Hakusan, Bunkyo-ku, Tokyo 112 Japan

ABSTRACT

The System for Prediction of Environmental Emergency Dose Information called

“SPEEDI ” provides realistic estimate of radiation concentration and dose assessment
that may result from an atmospheric release of radioactive materials.

SPEEDI uses advanced fcoinputer-based data processing and data communication
system for atmospheric dispersion calculation to derive radiation consequence
assessment with the concerned meteorological data and the source term information.

SPEEDI has been developed since 1980 by Japan Atomic Energy Research
Institute(JAERI), Meteorological Research Institute following to the lessons learned from
the accident in 1979 at Three Mile Island, USA. Nuclear Safety Technology
Center(NUSTEC)has been constructing a nationwide data communication network that
links STA and relevant local governments since 1986.

The network now comprises 13 local stations in local governments while the Science
and Technology Agency (STA) functions as the command center for SPEEDI in case
of emergency.In Japan, the conventional simpified Gaussian plume model has been used
for emergency radiation dose estimation however, SPEEDI was recognized as the
authorized method for it in “ Emergency Environmental Radiation Monitoring Criteria ”
and “ Off-site Emergency Planning and Preparedness for Nuclear Power Plants” in
1992. The role of SPEEDI is now far the more important.

Local governments are now conducting nuclear emergency exercises almost every year

incorporating the information of SPEEDI in their scenarios.
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Development of “Health and Environmental Safety Assessment
Network System(HESANS)”

Yuji Nakamura
Safety Analysis Unit, National Institute of Radiological Sciences.

9-1, Anagawa 4-chome, Inage-ku, Chiba-shi, 263, Japan

With the recent advance of the utilization of nuclear energy in a large scale, social
interest is being focussed in the potential risk which the nuclear technology will
accompany.Especially after the accidents in Chernobyl and other nuclear facilities,
serious anxiety to the utilization of nuclear energy is prevailing among the general public.
In order to meet the anxiety and distrust of the population in the use of the nuclear
power, the health effect or risk which radioactive materials released into the environment
will bring about should be comprehensively and properly evaluated, and then should
be widely reported to the population.

The development of HESANS code system (Health and Environmental Safety
Assessment Network System)was planned to set up such a comprehensive computer
code that covers a whole pathway of radioactive material from its release to the estimates
of derived health effects in the population, including the countermeasures for intervention
as well. Though the whole system is not totally completed yet so far, the framework
of the system has been concreted together with many sub-systems which compose the
main part of the code.

This report puts main stress on the objective of the development project and the main

frame or the structure of the code system.
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Practice of Dose Evaluation for Public based on Environmental

Radiation Monitoring Results

Mitsuo Yoshioka
Fukui Prefecture Environmental Radiation Monitoring Center
37-1, Yoshiko, Tsuruga-shi, Fukui, 914 JAPAN

ABSTRACT - Some local governments have carried out the environmental radiation
monitoring around the nuclear facilities in Japan, and they have great responsibilities
for public health and property in emergency. The Nuclear Safety Commission published
the four guides on the monitoring and the dose evaluation. Each local government made

“Emergency Countermeasure Program for Atomic Disaster” and “Emergency
Monitoring Manual ” . The emergency dose evaluation will be done with these materials.
Basically, it is not necessary to calculate the thyroid dose now, but it may be asked
for emergency medicine or presenting of the iodine drugs.

The measurement of exposure rate and aerosol radioactive iodine are given priority
in emergency, because of noble gas and iodine release. So then, the continuous monitor
for them is very important to shift from normal condition to emergency and to provide
a data instantly as the real-time monitor. Another various measurement will be added
to the usual monitoring in order to increase the density of measuring location and
frequency. But, simplified method or rapid one will be used to detect only radioactive
iodine at the first stage in emergency. Therefore, anyone should recognize that these
monitoring will not necessarily provide a continuous data and there are some limits
based on emergency system, where the protection countermeasure is the most prior.

The external dose is estimated using monitoring data, shielding effect and resident
time in order to reflect the inhabitants behavior, and the internal dose is calculated
upon the inhalation and the ingestion with the dose factor and some corrections about
age, market dilution, cooking and decay. Concerning aerosol radio-iodine, the air tight
ability of the building is necessary as well as the shielding factor on the external dose.

After the period of emergency, final evaluation on whole area should be done using
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both the monitoring data and simulated dose distribution provided by “SPEEDI”
system based on the result of release.

In this study, some subjects and problems or knowledge drew from the experience
at Chernobyl accident or Tsuruga leakage incident are described. Showing one of them,
it is the subject to arrange the manual, parameter, population and diet data and also
to establish the method of some reflection and correction. It is expected to conquest
this problem and to develop further advanced system, for example, to make linkage

with the source information or support system.
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BAFURI. ke=1E1% - FEEOMEMRE. t =8H (E2ZR) M, Qa = KU B E R TH R
B, V=HEMNYR(B)EZYOREYOBR (L3RR )ETHD, BRMEITEEISE L, (2
K EEOEMEHBRESANSGNLM, P THEOEFHMNERELIOE LOEEILAR R & 720
TEDSHT, ExDREMEE Qué LT, B ESNIEEMEICONTTED S (Qn). b, HERE
OREBERATH, BEBREICT, ERELETFT—FTHDEIEBRLVEE L., Z ORI SHIM (Y
EYRBHLNATNZY, BRERPRVEBICEATL DO LEMTH .

Table 11z dose factor®® &7, 4, EMEHEITEEI VROLIZER SN, HEFTILBEEEHR TS
EINTWD, keOFIECE LTI, [FRMAES] OIEEICH T 5 RABEMO SR L ERIND,

B, PO THRIBIC DN TIE 50mSy OMMMELERESFEL, L bl6Rilax LTk
15mSv iZflfE =Tz, LarL, ICRP D19774E)E (Publ.26) B XU D% OETEE ¥ T Z OfIR
172 <Y, AROEDRBLERER ImSv K3 E FTHFBRA TV, BEL LT, Z0EEYEEE
THIFRILE, RIS O E LT Publ. 26 T0.03 (Publ. 60 Ti20.05) THH DT, #MilHE Y&
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BE0mSv B2 Bz btz bt iiolk, ZORE, ZHDOEERY ANTCI9894E (ks ) DN
ERIOESHET T, METE, BEANIKITEEROFRIBFEEYELZENTOILER 2 Z2oTN5,

Table 1 0O (RA) ERICETIHADOHEIENRELEREGRHK
Conversion factor to committed effective dose equivalent based
on ingestion and inhalation for adult, ®®

(mSv/Bq)

BE | BROBER | RAER | BE KEOHER RAER

*H L7XI107% | L7x107% | ''0mAg | 2.9X107% | 1.4x10°°
He 5.6X1077 | 5.6X1077 | '2%] 4.0Xx107% | 2.5%1075
22Ng 3.2x1078% | 2.2x107% | 8] 8.7x107% | 5.3%1078
SiCr 3.6X107% | T.1x107% ] %3] 1.7X107% | 9.8%x1077
5Mn 7.3%10°7 | 1.7%x107% | '34Cs 2.0x107° | 1.3x107%
5%Fg 1.8X107% | 4.0x107%]137Cs 1.4x107°% | 8.7x10°®
58Cp 0.4x1077 | 1.9x107%] '“%Ba 2.3x107% | 9.6X1077
80Co 7.0X1078% | 4.1x107%| '4%La 2.1x107% | 1.2%x10°8
898r 2.8x107% | 1.0x107%} '*iCe T.0X10°7 ] 2.3%x1078
890Gy 3.6X107°% | 3.4x107* | '*Ce 5.3x107% | 9.5X107®
857r 9.2X1077 | 5.2x107% | ?%°Ra 3.0x107¢ | 2.1x1073
95Nb 6.0X1077 | 1.2x107% | %%%Th T.4X107% | 4.4%107!
5)o 1.2%x107% | 9.9x1077 | 235Q 6.8x107% | 3.3%107?
8ST¢ 4.4X1077 1 2.0%x107% | 238y 6.3x107% | 3.2x107?
103Ry 7.3%X1077 | 2.1x107% | 2%8py 8.7x107% | 1.1x10°!
LO0SRy | 5.8x107% | 1.2x107%|®3%°Py | 9.7X107*| 1.2x107!

3
8
) hEWARL D?Eiﬁl@ﬁb\?§h’cmék§réti%
RPN QBT LETw 0.2 o Pu: [CRP Publ. 484 &

é KEVE, [ 0F
17 % ;

V. FERFEZS YT OERRRKLE REFTMER

. BIECRBETEEBRE=2Y VT DOERKR

BRABROANROBIRETMEEZ DI o T, ETEERORREZTEL, 2 TEONM
ARG REWERTILERDY, UTICEERE=F Y VIOERR., T=F ) VIR, 2nb
D BMFE R ZIBIORT . BNC (TRRERICEBIHEZ DT —F RO, MBIz, ik
BEBRBET=F ) S OBEMEE Fig. 210, EREERE=F Y V7 OERRIE Table 212577,

A IR R ECANETICE D 2 KBTI E 59, #HE B2 ZE L TR T OB 1T R4
Fieh 2B TYOLES, B ORBRE=Z ) VIHRERoTND, Z0D5B, TAy ICEERES
5 2 DAV ISR (RRER ) Il = 2SS, BRER, VTAZA ABERENTWD, #HLBN1LED
IR WIERIZ R D TRREE A PHOEERE, bt =i L >OH D, BERBOE=4
Yo7z onTiE, ADEBIRICELDIHEYOR 26T, BERAEELRZNIEXCR AT T, AT
PN A %D, MROELMESCTEROBS SR EOBMENEEAY E LTAW LI, BITRE R
HEBFHMOBMZT TR AR, Whwd TER, ZERLZEGEES I TS

BERIIE, BRERPLAKTHEERESOEEE=41b0F—4%, TLDIZLARELEL. B
WS ZEBTEFHTHD, Tz, HEE=FEINTHNARNILTYH, £ ORTEECARKRTY
OB HEGE L TP TRY, +aFIATE S, Table 212k, FRFAERELITRET=FY v/
.%ﬁofméwﬁ@$W%ﬁim#ﬁmkﬁ¢%&LT@#E@%%%%Ltﬂ b ERRDOE=4
Vo T EDORPER~FREOFEREOE=F ) U7 BMb5, LxL, T=Z ) U REBERLTH
2 ¥ 10km DEEPH & 25 2 AVE MM S HEIT TE WBE S, T (ERBRERT=F ) VI OBRETH A,
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Fig.2 #IX<BREEZS4YVTOBER
Relation between exposure pathway and environmental monitoring.

St

Table 2 FEERE=SZ U U TOERIKK

Summary of environmental radiation monitoring under normal condition in Japan, 10

AOE W B EHREN|HEEGK EHEEESK
(GTHBED (ER) ~ | ChaBoEs)
# | EEE 15 7. TS 1 33
B | BECA 10 3.0 5 u
IR 15 5.4 n 137
e
RSB - 7 49 120 X 1 =120
FRELEE (TLD) 15 116 53 X 4 =204
KE - BEWELAL|] 15 46 6 X12=T2
PE7k 15 17 6 X 4 =24
et 15 9 § X 2=12
ETEY 15 28 6§ X1=6
FEAEIEN) - AZE 12 13 § X 7 =43
M4 12 29 6 x12=T2
K 14 17 16 X 2 =582
BEL 14 19 2% X 1=38
BEAS 14 24 BREXE X 2 =55
feimimrEA) 14 15 10 X 4 =57

¥: EiEROAHDOFEY
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— 2. TEBE-AYVTHR

WA OB B R AR, COBMOREL 2B E=2Y L/ RREERL TR\, Fig. 3
IR BERERNERRO 1B P2, Eiz, Fig. 4 ITBRIFEMOBHRADREREH O Cs, * Co,
], S H O SN E R

nGy/h —— . %
150 - HESHR wER —0O——15
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Fig.3 REFBEHRE-FICBITHIREMFTSOBMAM
Rising exposure rate example at monitoring station due to 133 Xe derived from nuclear power plant,

MEREGREDS IET LV A—F VAT MEEN, BREHINLTND, 2OV AT AORERKOE

TIE LA PRI ENEHEZIERTES 2L THY, B AFRBFNBE RN X —ERLELER LY
TRELTNEZ EBZNZ L6, BERLHOREROHK b2 LES., Fig. 313, BEREELNE
IR FNOEEREESANLAITHY, Pe 2B LIz bDTH S,

T LDIC X BERBIZOWTIHBIEFIZER LIz, DEEEICRIEATT AL, 84 ORIE - L5
EOHMBE (N7 7T NOEBFHEH ) 2B A HEICXFORROFENTLONDS, FEEOK
i, BEERMAES R ENTWEEEIEZOMOIEME. 5 WIEIREOENENFHEINZEAITIE
WIS > 5 FREOHMOREMS, HEERZE (o) 2 HH L, 30 2EEMOFMAE LTS,
BHBEZHNC L AIVEERO.4~1.3 mGy ® BB U, 104 O 72 B 00 S5 5 00 45 BR 13038 5 19
10% TH Y, MEHEOREMEEZAFH L (ELNL I FMEEROLEBOMEIBIZES % TH5S, 7
B, FFIEER? O DOFEICL o TT L DRIEMELEHEOHRE 28 % 7201 B8 E TR S TnhAR
VY,

ﬁﬁ%i@ﬁﬁﬁw% F) 7 TROBEERAL, AEEHEORRSGMGL LTOTF—4 DR —1Hic

V. BEELESIEXRZTRREDD S BBBREOEL (M ) CHMERY ORBES ) RHESLEDOT
FIEBEEZIA, TEORREPOPERTESLT—40 ZHLMC L TR SERD D, #HERELH
EOHAEE., MHBOREDED LT —F OREMICERIND b, #EERHEFEEMNRD LN,
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BT Ay, BT Bo/m®, BEK - HUK - -8B/ £, ® oAt Bo/kg (JHL. RS - K - BE T - #9k°H:Bo/ £)

Cls-13THR2BONDEH  ACo—60REFRES SRR [O-131 Fl 710 BPBEE YeH-3 B i
©Cs-13T#: 740 BABREE ACo—b0RGHREREESISEEE O3 B BNl Y-8 XETSEREE
100, 000 -{ @Cs-13THEFRESHEE 1-131 HETEEEEE
| a | e Poa :
- - gio | 4 A
B OO0 gy o ﬁﬁ“ﬁw;f “MT'@
i i i ? 3 ? i =
IR | 1 |
1 % : : | e, A
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] z 4 » NN :
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AR -EHEL Bk BER BEEY S MSE BT 49l Wk wEE BE RE B8 Wn

Fig.4 #EREBOD®Cs, °Co, M, *H OHHEH (1969F~19924F )

137Cs, %9Co, ! and °H concenntration in various environmental samples at Fukui.?

Fig. 4 » 5k, ¥ Cs AL OBERDREHEL LTHOLOIBBIIHFET S Z L 35l
5, ¥7REFEELLTOCoEPtRHanTna s, BFEXLVHETL, #8ENchB SR Iz
TERL RTINS, 1981FEDFEFE BTG EFEIEY LR R ) b OIS ie iR E i L 19864 o
F ) TANEHDOFEBIZONWTIRVETHD TS, U"Cs EOEENH LD BREHIFEET D
Lok, Ny 770 FL~ LM LTBL I ERNEETHD, £, BEREBRST =V TAL
=S, BEOHRN D DL, MBMEOWERRENPSZOFESEALPICL TR LERD
%,

BB 0% Co 217 Cs DRI OV T, %D Table 5~ Table 6 @3 X < HAENS D T,
LIF Table 5~6 b &®), Bl SN EEOBRSLERT —F DRFEZFETIEROBY TH S,

ORAFETIE, TEBRUMC b ER, K, SEMK THREFEEEEABEHENTND

@%E%ﬁaw&ﬁﬁéﬂfwéml%%ﬁm‘“CoﬁE@%F&D\&%%Em%mﬁﬁﬁéc

®°% Mn, % Co ¥ MEEMERDH Y, FHITIE, BWR T Mn, PWR Ti2*® Co 2RI TH 5.

@UFEERE O Co IEMEHI TY NV MEMEOHEGHIZ L5 b O TRETMHO 1 /100 BRETH

%,

Oz OHFEERE D Co DELEMITHIE L » bIFELPDO® Co DRERLIZHTRHINTNA,

®LEFEEFOF TIRBHEEIRFS T X THH D107, EFEEEY (B H) TIOE T LT,

DR B LDOBRHERN L., BE2FENSBNOKEEEY O Co LR LRSI > TWNA,

V—3. FEROAZOHEIE REFMGR

TLDRBIUBREREFIEERDPLOREFFMIIAELS THY, TE(Q) ROBEMARBREERT ST
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CEDEEMELRIG L 2 5. Table 34T MBETHREDE L bO0 1 P Th 5,

Table 3 #EWIE KEFEER (RBRERER )Y
Summary of external dose evaluation at Tsuruga site,

gz %@E?ﬂé@% s B ¥ < (mrem/ )
AR

BE | SEREROHE | UER OHE | ERE | #to s
(Bg,/4E) | Licshpeidd | (TLD) | k2¥HEEiRE

70| 4.8 x10'°

7111.6 x10'° nd

7211.8 x10** nd

7311.9 x10'* nd

74121 X104 nd

7514.4 x10'° 0.2 nd

76 6.7 X103 0.2 nd

TT17.4 X10'? 0.1F nd nd

78120 x10'® 0.1LIF nd 0.02

7915.6 X10'!

§ § 0.121F nd nd

92129 x10°

19704E~19714E DN 7 AR EFHFRICITE+ mR /ETh o e HEREOKR BRI, TLD #H2%
kol (19714 ~) TIRAI0mR /4, FETIEHK 8 mR /4 (0.07mGy /4 ) AT E Tl
oTRY, TLD BAROHEUEREL TED Z LOWERBITIT+2ERTHLEES LN TED,
LL, MEIZLXD28, KBS WREOHIE T "RKE R FIFERELORE BEME, ©0.05
mSv /ELUTTH D Z L OBEEICITRRHEN HD. %iBT 2 X AN IBEL TR V= LR
HBREDBE AL V107°~10° mSv A —F — DRI ZINTRBY, TUATUVABELTWD, 2B
BEDIDIT Table 31 FH T A HED? SFHE LIoAMESH0E < OfEEM b PFE Lic s, [5HmEs] o
ﬁﬁmiéﬁ%%%%bkwﬁﬁﬁu%fi\m%‘w%@gﬁwﬁﬁhmmﬁﬁwﬁ@ﬁ%Bhfw
BHITTERW,

R ERHEGAIE TIX, B IR TEN AR LIZ19764E10 A LI, WE2 0 Fig. 312/ Lz & 5 2Bk
A EENT X o TI9784F EE I ITAE M A FHE T0.02 mR O EHMAEHR E L TnD, |/EE CTIoE

RENTELDO—F% Table 4R T. WINLLEBEBTHED P Xe EOH I ABRER SN LD TH
5, RICTRBRPEEBEORMEBLZLWEETH-oTh, ZAINX—FREBFELELERLIZ LD
LERTRBL WD, —F, BERBEGRERROR S B HERMETE TH D BHARE (M) 2 Lz
A1, FOEFMEOFRMEA & BT 5 2 & THERMO.01 mGy( EE DL 2R3 HE < —EOHA T $0.03
mGy BE ) U LEOEERHIUIAEREL L TIRADZ ENTE, iz, BRNEOKBEH[ERAH S BRO
TRAX—EFREZINGE L7 LV FEMARETE P E RS A, BIC 1~ 2REL LIF3 2 L8 T
x5,

EEEEOBRBEMNEDOEELZERT LD L LT, Table 5IIERERBEEOEIERADEY A MMgDE
M RE R ETMERE RO 2R T, Fig. 410680 U TEFEREOE L O < —E0EED 6 i3
2. L LT Mn, * Fe, *® Co, ® Co, ' I B INTWT, REFMBEEMICITbRA TS, =2
R LU OIBIIRHERE S 2, EREFRISTL, RESHEELICHENICRESNZZ L0 b
HBERIERITIE. 2EMNICTIE LA ERFARERBROERITBB I THRN,

[t
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Table 4 HEBRFEHKE-RICBITIIRFHARENZEOBRHER
List of absorbed dose rate increase due to operation of nuclear power plant by
continuous monitor in Fukui,

W WER R OB
A\ EAR|E B BB % (s kS E 23]
b BAE | &%
nGy/h | nGy
2| AR 1978.5.6 ;11° ~16° 4.4 6.5 | EREHEFEOE
R TRBER
B
1978.7.31;13° ~15° 5.9 15.0 | ERERTE
DEERRAIRIC
SHEZERT B
1978.8.22; 1° ~ 7° 18.5 78.6 | FFFESRAE
Bicks 1 HH
Ei#OHEIED
IS EZER Y
iIA 4 10~ T 8.0 34.4 | T8
THIE 1978.9.4 ;15° ~17° 6.7 13.5 | BAEBELED
BB B 4
1979.3.1 ;22° ~23° 29.0 32.7 | DEZERT &
x| BEH 1979. 9. 23;14° 1.8 1.8 | EFREs o
i RV oFrBERR
= | FREFE | 1992. 3.13;17° 0.5 0.5 | BREE/E-V FHE
BROERBIIAIC
| NESR v 19° ~20° 0.6 L0 | > —IRRE
2 1992.4.1 ;22° :30° 0.8 0.1 | FEE (1053

MEFMICE > Tk, TNICEL B EHREDFHESLETH S, BHROFED 260 HIFIUE,
Table 5 R LCfEIZ, HHEERHD DO ({Eo THREBRLUEE R 72D D) 72T OBEMTEH TH Y,
i, BROUIALBEEBAEILEVWE VU SETR—BECERFANS S Z L, &L TEBLH
HE L ERSHAETAZLBRETH D Z LR END, HEO I PEEAY R L, BE, BEOFE
HREOFEIIMZTVD, ZOKRE, HEISNZREZIEBRIVIILZEMORELY Lo Tn5,
7L, BHRRRVEFBUOPRVWIRERTIEE THAFHFEICMA BN TND DT TR,

Table 5 OHEEFTMERIC OV T BEIBBEZROIITVEEE TILll-> T . IMED (2)B LV Table
1 @ dose factor # AWVTC, BUEY) (—E8. IBEEYTHTE) PO Co EDHTBUTE S A DTEFEES)
RESEZEHELLLOTHD. I bERERZEOKEFTMEE R OB,

@ dose factor BE D - Tz DEEHREE (mrem) 2 mSv ICFHEAEZ 2L DX VKI5 ERES .,

QEFLENEE L BT OETIO P mSv . Faf TH10* mSv & 722> T3,

QOEEMICHEEYEBICRDFERRE VDI Co. REOBEMICITEETH S,

DEERFED? Cs, *° Sr, #0020 py (LT Pu L RE) ORBES & H~1/10~1/100 & K1,

RELBoTVD, o T, FMEDOHKRE LT, "AROBREY EIRE (19884 F % T1E500 mrem .
19894EE D 5 ImSv) H D W TR K B R T IFFE 3R B O E B EEE D0.05 mSv & FE_CTEE LB AM0IT{E
<, PROREFAHRIENTND, LESZLRTEDS, 2B, ZNLEFHORRIL, BEIMmODO
BOBEREFEE LCE, "HREBAUTORNE SO EYIRECEHME,, "HMEBIOMUEEDENED
F—ZOE,, TREEMN. TFOHEGHE, BROESSE, T—FORFORWKE ) REBPEFLND.
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Table 5
Average concentration of radionuclides originated in nuclear facilities and
results of dose estimation,

(X )

T E A (Ba/Kekk)

B MEY GEf) eEE  AE | BEEE | BERE HETEYEEEYE (ndv)
FE | ®Mn | 5°Fe | °%Co | °°Co | ®°Co | ®‘Mn | ®°Co | ®*Mn | ®°Co || BEEEMD |¥EEW) | & &
70 - 17.3 0.9 9.8 E-4} 9.8 E-4
71 - 1.9] 2.4 2.9 4.2 E-4| 4.2 B4
72 - - - - - -1 1.5} 22| L6 - 2.6 -4 2.6 E-4
73 - - - - -1 37| 8.2]11.4] 7.3 - 1.1 E-3} 1.1E-3
74| ('°'1 1.7Ba/kg) - - -1 0.4] 2.8| 2.4 1.OE-5| 3.0E-4| 3.1E-4
751 0.7 - =1 0.3 -1 07} 1.1} 27| 2.1 24E-5| 3.0E-4| 3.2 E+4
76 1 <0.8 —1<3.01 0.7 -1 04 04} 1.1 1.1} 7.6 E-5| 1.5 E-4| 2.3 E-4
77 1<0.6 —1<1.9] 0.7 —10.4] 04} 07| 1.1 6.5E-5| 1.4 E-4| 2.1 E-4
- 2.6 1.1y 0.7 1.9 —{ 01 041 07| 1.1 1.6 E-4| 1.4 E-4 2.1 Bt
(LA A BV "M 0.26, °°Co 0.11, °°Co 0.17mBg/m®) | 5.3 E-6
791 0.4 - -1 0.4 - -1 041 07107} 2.8E-5| 9.9E-5| 1.3 E-4
80 - - - - - -1 047 0.4 0.4 - 6.6 E-5| 6.6 E-5
<0.6 - - - -1 L1} 37} 48 |104 4.0E-6| 1.1E-2
81 —— 1152
(&R 57084y 0. 4Ba/kg (K 1. 9Ba/ke) ) 8.2 B-5
82 - - - - -1 7.0 3.7 L1}| 2.2 - 4.6 E-4| 4.6 E-4
83 - - - - - -1 07 -1 1.1 - 1.5 E-4| 1.5 E-4
84 - - - - — - -1 0.4] 0.4 - 4.5 E-5| 4.5 E-5
85 - - - - - -1 0.4 -1 0.4 - 6.1 E-5| 6.1 E-5
86 - - - - - -1 0.4 -1 0.4 - 6.1 E-5| 6.1 E-5
87 - - - - - -1 0.1 -1 0.1 - 1.5E-5] 1.5 E-5
88 - - - - - - - -1 0.1 - 1.OE-5{ L.OE-5
89 - - - - - - - -1 01 - 1.LOE-5) 1.0 E-5
90 - - - —10.04 -1 0.2 -1 0.1 - 4.0 E-5] 4.0 E-5
91 - - - - - -1 0.1 -1 0.2 - 2.6 E-5| 2.6 BE-5
92 - - - - - - - - 10.04 - 4.1 E-6| 4.1 E-6
(8 - K8 - SERHIX) B ERA - (Ba/Ketk)
- F BRI EETEHEREE|] BHEHTHRE |EEENSRERYE (oSV)
E ﬁ*s} 54Mn SSCO SOCO 54Mn SBCO BOCO 1SII 1321%5 EOCO%” é g_f.‘
71 511 6.3) 25E-5| 5.2E-4| 55 E4
72 - - - -1 L.1] 23] 20| 85| 6.9E-5| 2.5E-4| 3.2 E-4
73 - - - -1 09| L5] LT - - 2.0 B-4
74 - — - - - -1 0.7y 0.6} 226 E-6] 7.2E-5| 7.5 E-5
Ei (] - - - - -1 07| 2.2 - - 2.3 B-4
77 - - - —1<0.4 -1 0.4 - - 4.5 E-5
78 - - -1 0.1 - - - - - 5.1 E-6
81 - - - -1 0.4 - - - - 4,3 E-6
sa| —| —| - -| = -|o04] - — | £185
KR | 81 - - - - 1<0.7 <11 - - - 2.3 E-5
- 189 - - - -1 0. - - - 1.4 E-6
77 - - -1 0.41 07| L1} 0.4 - - 8.3 E-5
mmisl | - - | =| =04 - - | 4£1E5
80 - - - - -1 0.4] 0.4 — - 4.6 E-5
82 (B8 *Mn 0.07) - - - - - 3.6 E-5
) BEEEEASURBEND 5 DO OBMTIGEE, —  REFAS 1SV LD,

CHEBRESEEULO, MERFSO LIRS P NISEPRMETHE L2 b0,

Table 6 (27w — SV 7 =17 7 MEFTH S Cs, *°Sr, *° Pu OBHH RN OEBFLPRE L E
RO 27T, WINORFAEEBHELDORARER B OMERRPOHA L LD TH

50

IO DOERBIZ DWW TORETFMERIILUTOXLCE LD LN,
(Di!%}*;iabiffﬂ? LA OE & e~ B S 5 TR Cs #31/5, *°Sr 281/20, #°Pu S31/31I2ETF LT

ZDO

@3 AR TIX. 2MEZBELBLZ107° mSy 04— ¥ —Th 5,
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Table 6 fEHBMDITCs, WOgr, P0py TIORE L S BIMER
137 . . .
Cs, °sr, **%Pu average concentration in various samples and results of dose estimation.

| SRR - (nbo/Ketk, Fkaba/2)

o VT S i B OE SOSrE By M OBE PPy E iy B HEEHHRELSE (nSv) ?ji;g!étﬁ
s
e | AUE | RUE | EEE 3B | AN B | BOE 2B RUR RS BEE ) Cs-18T | Sr-80 | Pu-239 | & BH | & E
19721 930 520 870 | 520 7.9 B-4 7.9 B4
1973 1 1500 | 440 560 | T40 8.5 E-4 8.5 B-4
1974 1 3000 | 440 590 | 480 591 9.9 E-4 8.4 E-4| 1.8 E-3
1975 | 1700 | 410 480 130 74 | 250 70 7.3E-4| 4.9B-4) 9.9E-4| 22E-3] 7.2
1976 | 1200 | 440 870 | 280 28| 67 | 160 7.4 | 100| 48) T.0E-4| 1.8E-4| 1L.9E-3| 28E-3| 7.8
1977 1 1400 | 290 | 74| 370 521 11 | 120114 (0.8 29| 5.6 4| 20E-4| 59E-4) 1.4E-3] 8.1
1978 11600 | 850 74| 150112000 38| 31 | 13081 0.85) 120 52| 6.0E-4| 41E-3| 1.7E-3| 6.4E-3| 8.1
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Table 7 HEREMEOAOEHEE=SYUYVITHRES JUREF@MER (1981FE)
Results of radiation monitoring at marine environment around Tsuruga site and dose
estimation in 1981 fiscal year.

JBEBAT « Bo/ke
BOCO 137CS SOCO SAMn 13703
X 5
B OB | EEEE R BlA O HE FA A Ay B
—BHAKOESE| - 1.1 0.11 4200 1400 1.9
— BEHEKOEEE - L1 0.11 520 190 0.74
/1) 1/1) (1/1) |(28/23) (23/23) | ( 7/23)
— kO ER ]~ 3.7 0.7 | 0.48 19 7.0 0.74
FEZoES E
— kO EBR|] - 3.7 0.37 | 0.33 3.0 L9 0.37
WIEZ O EEE|0/19 | Q/2) | @4) | AT1/17) 1 (88/9T ) | (B0/97 ) | (26/97 )
BEZ&EOLEEE| - 2.8 0.37 | 0.80 110 56 0.37
0/20) | (2/2 ) | (2/4 )} (18/18) | (111/120) | (83/120) | (33/120)
HEBOLOESE| - 0.37 - 0.70 0.74 0.74 0.87
YEBEOLOLEE| - 0.37 - 0.37 0.37 0.37 0.15
0/32) | (2/16) [ (0/5) | @L/84) {( 8/25) | (8/25)|(3/25)
—RHKOARRHEE | — L5 0.37 | 0.37 3.0 L5 0.37
- HIEBARONEE | (0/51) | (3/18) | (2/9) ] (38/51) | ( 91/123) | (68/122) | (29/122)
HEE - -BEEB| - 1.5 0.37 | 0.33 107 43 0.37
& & o X ¥ E| 062 @19 |@/8)]39/52) | (114/145) | (91/145) | (36/145)
BIEEY S UHEE - BEB&EOFEEN SHE L | 1 1E-2 5. 1B-4 | 7.6E-5
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T ERIOTICHAEREZ T, BRE RER OFICm LD, AR~OBERIRM L L,
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Results of continuous exposure rate measurement at Chernobyl accident(May, 1986).
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Table 8 FxzIL/ TANEHEOSPEELSHE L PRIFEE (BHER)
Thyroid dose equivalent calculated from 1311 concentration of various samples in Fukui
at the Chernobyl accident,

S e (B REEE B |FREFELYE (uSv)
I 9RO ERA |HE (&K O|FE OR|Y O BIEK A
FLFARPT | 4m® 8m® 23m* 1.4 L5
- 22( 25) | 23C27) | 15( 18)
77 AR W A) 2.3 2.8
Bk 1 2152122 ¢ 0 8. D 0< 20> 0< 15> 0<5. 2>
3 20g 50g 100g | [1.6]
(=zxF) 8.4 9.9 81(190) | 100(240) | 48(110)
43, 0.6 £ 105 2,02 2 67 126 38(190) | 41(77) [ 3.9(7.3)
=1 141(425) | 164(359) | 67(141)
B FEE 8g 20g 40g [1.8]
(#2977 ) 3.2 16 5.9(29) | 35(180) | 12( 59)
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Emergency environmental radiation monitoring program,
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Table 10 #0O (RA) ERICETLIHEAOHEIFRRBELSREFRE ) LEHEBERK K
Conversion factor to committed thyroid dose equivalent based on ingestion and inhalation
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Gamma Dose Estimation with the Thermoluminescence Method

Yoshikazu Kumamoto
Division of Physics, National Institute of Radiolocal Sciences,

9-1, Anagawa 4-chome, Chiba-shi, 263, Japan

ABSTRACT - Absorbed dose in radiation accidents can be estimated with the aid of
materials which have the ability of dose recording and were exposed during the accidents.
Quartz in bricks and tiles used to construct the buildings has the thermoluminescent
properties. These materials exposed to radiations emit light when heated. Quartz and
ruby have been used for the estimation of dose. The requirements for such dosemeters
include; (1the high kiln temperature at which all thermoluminescent energies accruded
from natural radiations are erased. (2)the negligible fading of thermoluminescent energies
after the exposure to radiations. (3)the determination of dose from natural radiations
after the making of the matcrials. (4)the geometry of the place at which materials are
collected. Bricks or tiles are crushed in the motar, sieved into sizes, washed with HF,
HCl, alchol, aceton and water, and given with a known calibration dose. The pre-dose
method and high-temperature method are used. In the former, glow curves with and
without calibration dose are recorded. In the latter, glow peaks at 110 °C with and without
calibration dose are recorded after the heating of quartz up to 500 C.

In this report, the method of the sample preparation, the measurement procedures
and the results of dose estimation in the atomic bombing, iridium-192 and Chernobyl

accident are described.
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Fig.1. (a)Conceptual diagram of additive predose technique.

(b)By plotting the rations of Sy/So and Sy+v/So vs additive dose, the esimated dose is
obtained by extrapolation, (Ref.12).
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Table 1. Examples of natural background data.

Beta rays Gamma rays

(mSv/year) (mSv/year)

(Brick and Tile)(Ref.12)
Hiroshima Univ. Tile 2.85 +/- .32 1.25 +/- .04

Prov. Depot Brick 1.91 +/- .38 1.20 +/- .08
leno Brick 2.18 +/- .28 1.09 +/- .08
Inasa Brick 2.95 +/- .38 1.10- +/- .05

(Archaeological sample)(Ref.26)

S-1 High cup 2.30 +/- .07 1.50 +/- .03
S-2 Bowl 1.75 +/- .02 1.14 +/- .04
S-17 Jar 2.00 +/- .10 1.51 +/- .05
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Fig.2. Preliminary results of dose estimated with bricks and tiles in Pripyat vs exposure
rates free in air determined with an ionization chamber thpe survey meter. (Ref,23).
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Present Status of Dose Evaluation in Emergency using

Electron Spin Resonance Mecethod

Toshiyuki Nakajima
Division of Radioecology, National Institute of Radiological Sciences,
3609 Isozaki, Nakaminato-shi, Ibaragi 311-12 Japan

ABSTRACT- Electron spin resonance method as a dosimetry for emergency has been
proposed at 1974. In this paper, the principle of ESR dosimeter, conditions for selecting
the dosimetric material, radiation property of some dosimetric materials and application
of ESR method as the emergency dosimeter will be reported. The radiation property
of sugar, tooth enamel, bone and shell as the dosimetric material, and comparison of
radiation property among Si0z -TLD, sugar-ESR and tooth enamel-ESR dosimeters will
be discussed in here. It is concluded that the sugar-ESR dosimeter is one of most useful

emergency dosimeter both the personnel monitor and the field dosimeter.
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(ESR BT ERHD., ZOHLBAKITEI LML, 1940 FRICITERELEH S NATNS, Z0H
Lz AR L UMEA OPERETREICSHT 5 Z L13 1970 ERIZIBR S RZY. FFio, ZoER
EHEND LRI F =N/ TA VEHLUL LT 2D, TTREFHE L LTHTOzF A
EREAE=F -2 DLW AR UBRGEEAOE= é’ LLTHATEDRZ LORRIzL B L
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ARG T, BARICRBT 2 EERETMEO—2 L LT, M SN TE /2 ESR iz X 34
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TABLE . 1 Fatal radiation accidents reported (1945-1987)*"

Fatalities

Year Location Radiation source ——e—————

Worker  Public
1945 Los Alamos, USA Critical assembly 1
1946  Los Alamos, USA Critical assembly 1
1958  Vin¢a, Yugoslavia Experimental reactor 1
1958 Los Alamos, USA~ Critical assembly 1
1961  Switzerland Tritiated paint 1
1962  Mexico City, Mexico Lost radiography source 4
1963  China Seed irradiator
1964  Germany, Federal Republic of  Tritiated paint i
1964  Rhode Island, USA Uranium recovery plant 1
1975  Brescia, Italy Food irradiator 1
1978  Algeria Lost radiography source 1
1981  Oklahoma, USA Industrial radiography 1
1982  Norway Instrument sterilizer 1
1983  Constituyentes, Argentina Research reactor 1
1984  Morocco Lost radiography source 8
1986  Chernobyl, USSR Nuclear power plant 29
1987  Goilnia, Brazil Removed teletherapy source 4
Total: 17 events with 59 fatalities 40 19

? In nuclear facilities and non-nuclear industry, research and medicine (excluding patient
related events).
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Fig.1 Dosimetric method for exposed persons in some accidents
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Fig . 2 Background ESR spectra of (a) broken and (b)
powdered shell buttons and (c) granulated sugar.”
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FEES L O 2 ) AEEklc 2 S, M3ER) .

Curve a .
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Fig. 3 Pulverization effect of suggar to ESR absorption intensity.
Curve a is ESR absorption intensity of the granulated sugar
irradiated with 3.16 Gy , curves b , ¢ and d are that of the
powdered sugar without irradiation , and the ESR intensity

of them is corresponded to 254 , 896 and 10.33 Gy ,
respectively.'®

4) MY LESD S BHHRIHRIC X DE S/ — 3 il b O (FEMREF ¥ — v b TR
FBEEZRVHTORZOREZELI LICRD, H42R),

Tooth enomel

] | |

337 338 339
H{mT)

Fig. 4 (a) A typical ESR spectum of tooth enamel with organic radical signal(g = 2.0045) and CO .
radicals(g=2.0025 and g=1.997). The dotted curve is the estimated signal of organic radicals while the
dashed and solid curves are the spectrum without additional + -rays and with a dose of 8.3 Gy,

respectively. (b) The ESR spectra of tooth enamel by subtracting the broad-signal component for non-
irradiated A-bomb exposed enamel (dashed curve) and for the additive dose of 8.3 Gy(solid curvc).?
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Fig. 5 The fading of free radicals in the sugar irradiated at room temperture Storing
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Fig. 6 The proportionality of ESR response of irradiated amorphous sugar
to absorbed dose. Weight of the sample sugar was 600mg.”’
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Fig. 7 Energy spitting of the electron in the magnetic
field (upper figuer). And a typical ESR spectrum of
Mn2 (four wead peaks) and irradiated wood (strong

peak) (lower figure).
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Table 2 Fading of free radicals in some materials
stored at room temperature 24 hours after
irradiation.” % Strong ESR background is observed.

Material Fading
0ld newspaper 0.52
Paper 0.52
Wood chips 0.59
Wood in pencil 0.53
Nail 0.50
Salt 0.46
Hair 1.07%
Sugar 1.04
Dextrose 1.02
Fructose 1.03
Maltose 1.01
Iactose 1.02
Shell (Venerupis japonica) 0.99
Egg shell 0.86

3. 2 BRUHTZLZIR/NHEEOKRES
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Wk A~V o MEEICE ZSH L, WE L7222 53R My EIER 107°~ 107 Gy 1272 5 Z & 03 4%
T&ED, BRIZBITDERZ 3. 4THITRT,

3. 3 ESR RUERIRDLVAILNVA
BWEIMLLES LT3 EDESR 227 MO —U R THNIEDH D I1EE, KEMPOIEREIC
MEFMENTE 5, TZ TIERFOWER =T ESR RN E Sy 2 755 0 FES BG) 28574 82
BT R IR A LT & &, ZOWHE P RT ESR W dh#R 2 2 FhE 8, 9 & 101z L72Y,
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fig. 8 Background ESR spectra of yesso scallop (a) and green tea (b) , salt
(c) , pepper (d) and one of monosodium glutamate (e)® .

LbOTHY, MELHABNLDOTHD, —F, BRI LR, W (K9, 1028R) . d#Fo0
THFANVE(F4%2BR), k. v— VDO ESREZ/NF—rO L5z, Bl b oh s Miric R
DEHRBEMRLOETEHEHTH D, HlAE, = ANVEDOEE. BEHFRE BT O ESR WD
iz, ZRERJLEENT PO NORWIHBRET S L9 THA (M4 25M) . Zhid. Fio, e
FHEICII S OREMEZEAELTWDSZ EZRLTVND,

Fig.9-a ESR spectra of irradiated wood (upper curve) and leather (lower curve).®
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Fig. 12 The proportionality of ESR response of irradiated amorphous sugar to
absorbed dose. Weight of the sample suger was 600mg.>
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Fig. 13 The proportionality of ESR responae of the irradiated
dextrose(upper curve) and maliose(lower curve) to the
tissue absorbed dose. Weight of the sample was 600mg.
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Fig.1 4 Fig. 14 The proportionality of ESR response of irradiated shell button to
absorbed dose. Weight of the sample was 600mg. The shell. buttons were cut before
irradiation.”
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%, WFOZFANVAORMRUIRE L LT, 107 cGy RELBESN TS, LivL, REHKRE
L COs* 5N ESRIEGHRE L ORFFET25.0X107* C /kg O.7R) L FTIEBG L RKMTERWET
BEMEATAERDDH LD THB PN, # Gy MR/l RE LT, Tz - A VEITRE,R
AANE=F—Thsd, L L, EREFPEEICHLLDNTHDIEAITE, BERMFE bt X 5
B, ELARNEREEDSRERETEOL S ICBbh S, £, 1+ Gy LT ORI 5 /2 CO°
T VHNMEE LWFEG O ESR & DK S ElBEREETH S,

B 15 HAUHEIRA L2 B O = > A VE D ESR A~ MV EELFHETH S, £, 15 855
TEICEFANEPLOESREFICRENDOES L Z0HNOETEMBEL. AUBMILIIZTER
W, ZOHHEFNCBG ZIEL., WA LOEEENORETMTIERE LA TVD, Ll
BG Al O #E & Bt okt & O R OBURFRFEDO R —MEIZ . BPHERRIR D B R\ 2B H D,

—J7, BEHIEE 25.0 X 107 C / kg A ETHLFIMGERAONDY, ZOZ L= A VE THE
BB+ TEDHT EBRLTND,

3. 5 MEHRBEOEEHE

B2 OFEOHMEOEAFIZIEL, BEFNRFCRENSZIEL, BEIIMT 32 L3, frlo, B
A ORTILIE. SHIERT, Lvh, AFETAHICIIRENFETH D, toT, BRI ( MATE
LYo ESR WULE ) EA <, ENNCEBORE LR, 2OMBZIEE A LR TOR—FOFEHT #H
TEDZERRNCEEND., 207D, MBI OKIHRFHERSE—EM TEHEN 2 b0 THS =
ERPETHD, FlzE, B O BRRHETH L RS REMOREMBEFIENENd L5

&‘: o
Table. 3 Relative ESR sensitivity of sugar produced in 19 countries.*”

Production Sample Relative a/x, a/x,
country length (cm) sensitivity (%) (%)
Austria 5.56 +:0.29 0.991 +0.075 5.2 6.9
Austria (beet) 5.48 £ 0.24 1.025 + 0.101 4.4 9.9
Belgium (1) 5474+0.29 0.974 + 0.055 53 5.6
Belgium (2) 5.53 +0.09 1.077 £0.052 16 4.8
Brazil 577+ 0.18 0.959 + 0.079 3.1 8.2
Canada 5.63+0.30 0.960 + 0.069 6.7 7.2
Denmark 5.46 +0.41 1.007 £ 0.139 7.5 13.8
Germany 573+0.22 1,096 + 0.066 38 6.0
Holland 5.78 +0.82 1.007 4 0.127 14.2 12.6
Indonesia 5.56 + 0.40 0.991 +0.086 6.4 8.7
Iran® 5.80 +0.34 1.482 4+ 0.146 5.9 9.9
Japan 5461035 1.000 + 0.060 6.0 6.8

beet sugar (99.98%) 0.974 +0.037

cane sugar (99.98%) 0.948 + 0.026

granulated sugar (99.8%) 1.00 +0.017
Korea 5.98 +£0.25 0.960 + 0.097 4.2 10.1
Philippines 5724035 1.014 + 0.082 6.1 8.1
Sweden 548 £0.21 1.039 4 0.098 9.4 12,5
Taiwan 6.02 £ 0.26 0.948 + 0.068 4.3 7.2
Thailand (1) 5.48 4 0.25 1.049 £ 0.114 4.6 10.0
Thailand (2)t 5.54 +0.39 1.021 £ 0.092 70 9.0
UK. 5.5740.36 1.036 + 0.090 6.5 8.7
US.A.(1) 5334027 1.033 + 0.057 5.1 55
US.A.(2 5.43 4+0.20 1.021 4 0.023 3.7 2.3
US.A.(3) 5.404:0.60 1.041 4 0.076 1.1 7.3
USS.R.(1) 5.27+0.13 0.980 + 0.066 2.5 6.7
USSR.(2) 5.44 +0.23 1.013 4 0.064 4.2 6.3
USS.R.(3) 5.324+0.25 1.007 + 0.054 4.7 5.4
Yugoslavia (1) 5.354+0.28 0.990 +0.038 52 38
Yugoslavia (2) 527+0.16 1.020 4 0.043 3.0 4.2
Yugoslavia (3) 5.60+0.28 0.964 4 0.087 5.0 9.0
Yugoslavia (4) 5.5240.30 1.020 4 0.048 5.4 4.7
Mean of relative gensitivity: - 1.005 £ 0.036

*hMean sensitivity data on powdered sugar was excluded.
$Color of sugar is brown.

¢ /x,: coefficient of variation for sample length in the tube.

¢ /x,: coefficient of variation for relative radiation sensitivity.
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Table. 4 Correlation-coefficient (C.C) between ESR intensity and the
absorbed dose of sugar, variation-coefficient (V.C) of the ESR
measurement and ESR sensitivity (ESR intensity per unit Gy).m)

Sample No. c.c V.C(%) ESR/Gy
02 0.9984 2.3 0.3533
03 0.9999 1.4 0.4241
11 0.9938 5.3 0.3965,
14 0.9998 8.4 0.3755
15 0.9999 6.1 0.3557
16 1.0000 2.8 0.3512

Mean 0.3761 + 0.0267
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DEWREZITKI 8 % TH ol (RABR)Y, Z O Uiz iR O EEHEE A 97 225 99 % & Lk
DHEEDNT Y X807, FRIZXY, ARTE2 7V =T P INBEDOANSTY XL E DR Lok
HbDETAD, ZOMR, WHTEREFMEHIEAL LS.

WFOTF ANVE, Bkl ERIRYOSEE. 206 0OME., TERRICEEERS X OREHERE D IR
B EORAR L O ORGFROERE, HREOFTRIZE T, BERERELIANED S, 202
EREARBHEICREEREZRELRITNERLRLRD, ZOELZDRV ELEMIZRTZ Ly,
SELRIICERE T D &RfF0—2 &7 D,

3. 6 BRELLKSTOEE

FrpkZe sk 2 B, — AR OBUEHIEIT L7c . B L72 Y, BsRIE L2 LCAREA 3mmo ESR #
B AN, ZORNEZMND, ZO7H, RBSH, REOE O, Bk, BREOEII+5ick
DTBLILERD D, FRz, BHROBEIRSAVWONE 2D, EOREBEEMITBILERD S,

ZORBO—HILE LT, RRFEDHEDCHEEZRK IR L. M, LBOLDHHRLLRWRE—3HEZ
3.16Gy B L7c 3B 0 ESR WIBEZ bR L TR W, £, BRI LEBORE L ZhIz X v AR LT
T UM VIR R WO Te DRI EAR Y TR LI,

B3I rd & ole, BHERMKT TS EMHLCERT VU NVEITHEML, 20T E LT 10Gy i
A%, ZHIUFEBERAREDO XS R EMRE TR, RELBRB XOMHERERCERZWE T2 b0 TH D,
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Fig. 16 The thermal fading of free radicals in granulated sugar
and shell buttons after irradiation at room temperature. Curves
(a) and (b) are the fading of the irradiated sugar stored at 55 and
100 °C , respectively , and curve (c) is that of the irradiated shell
button stored at 100 °C .%
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Fig. 17 Fading of free radicals in irradiated
lucite stored at 100 °C .»
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Fig. 18 The solubillaing effect of irradiated suger to ESR abeorption
intenaity. Curve a is of 0.1 mg of cryatsiline suger irradiated with
105 Gy and curve B is solution of cryatslline suger irradiated with
105 Gy (water : suger =30 ml: Ig}.
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Fig.19-a Signal fading curves for the confectionery and pharmaceuticals. (a) Glyceryl trinitrate;
(b) Piriton; (c)Polo mint; (d) Lorazcpam; (e) multivitamin; (f) Paracetamol. All the pharmaccutical
sampies and the Polo mint were powders; the chewing-gum was in fragment form.1?

67



1008 (g) (¢)
L]
% 50 + -
o
a
k‘-.\_ 8
[ ——g \l-..\____m-
o 1 ! | | ! i
100 8 (b) o (d)
\ \\
o
]
\
Y% 50+ B u
\.
N,
BoE
n'\__. .
! 1 ! | l\ll\“\#-u
o] 200 400 600 0] 50 100 150
Hr Hr

Fig.19-b Signal fading curves for the environmental samples. {a)Leather button; (b) plastic
button; (c) fingernail; (d) credit card. All the samples were in fragmet form.>®
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L. BYHRIAEA ICHE LML ORKE L TWd, ZOEE, BYHEOREMISmSY DIk LT
PER EBHEE L4218 mGy TH Y, FAFEITIVME & 2 - 721,

Table. 5 Sugar absorbed dose and maximum dose at outdor at each sampling point in
priypat-city. The brick wall thickness was assumed to be 50cm.'”

Sample No. Sugar dose (cGy) Outdoor Dose (Gy) Sample No.  Sugar dose (cGy) Outdoor Dose (Gy)
first region (1.032 x 104 to 1.29 x 10~4 C kg1 h-1) second region (1.548 x 10-¢ to 1.806 x 10-% C kg~1 h-1)
02 6.82 t 0.60 24,3+ 2.14 13 14.6 + 2.4 52.0 £ 8.6
03 5.51 t 0.20 19.6 + 0.71 14 16.4 + 3.57 58.4 t 12.7
11 4.47 + 0.82 15.9 + 2.9 15 5.69 £ 0.40 20.3 £ 1.43
12 13.8 + 1.33 49.2 t 4.7 16 10.4 *+ 1.49 37.0 £ 5.31
Mean 7.65 + 0.36 27.3 + 13.0 Means 11.8 £ 4.13 41.9 + 13.5

19944F 1 ACHENI Sz, RYHBEDT =3 a vl T, U754 FDOY e V47 5B EED
FEEMOMELZERLE LT, TROFEEREIIRATOMSY THH, FH20 mSv &ik~<Tu iz,

4, 2 NRILFETEH

19VEENIC ANV T E THICH DI BRBHERNT, V=T v 707 4 V¥ —DEH 2 3 MeV &
TR CFORBREBWERE Lc, FHDO3I A%, EELZFOESHELUMI L., €00 ESR E5&E
b, FOWEREEZHEEL TND,

2013 BB ATINEC X BB OEEBREHEORR L B LizF D ESR 27 M &R,

1"

™
|
9 -
s -
*=0.9995
= B
? _ 7
Q 0 1 1 1 i ]
S8 g-m 4 357 5 158
=9 Magranc Frexd i)
528 5-
w =
7 4
& 4
3 ~
2--
’ -]
0 T T T T Y T
-100 73 -50 25 0 25 50 75 100

Added Dose (Gy)
Fig. 20 Inset is the firet derivative EPR spectrum for a bone

sample removed from the victim”s left middle

finger , middle phalanx. S denotes the peak-to-peak signal intensity which is
plotted as a function of added dose. The dose-response curve
(least-squares linear regression) is extrapolated to obtain a

mean dose estimate of 55.0 = 3.5Gy(95% confidence level).
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Table. 6 Compraison of monitor-properties among SiOz -TLD and, suger-ESR
and enamel-ESR dosimetric methods as the emergency for people.

F R SO TL# FEWEE SRk INBEE SRk
1. BYFEFHS 11. 4 5. 3
2. {EB ORI <30 22U 72U
3. HhFiE oy MMEFES 23" 2V
4. JEHEEE 1071~10% Gy 107t ~10% Gy
5. FRE BN T ES2na 20 [=20d:: 4V
6. LM~ RTEE 50 72U &0
7. PRIRITNE 0 23V aTEtEA
8. EFOMHEY Aalg Hfig fifi
9. REERIE D o a4
10. Kwhi3uf sUBlT ik Hig HBlc kg
1. BNy~ Jaddickikod ;311 it
12. EB L OFHIHE HEEHRES Y | BT R
13, HIEREEKEE U rREEL EEREL
14, &BlofeR BB T8 BE
15, wUBH/ERLEF ZLE FE BE
16. W A 59 Elf:5 e
17. AR OB RME gD 0 R — et — R
18. EEOUHHE Gk NRIE T INEHE T ]
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The Emergency Medical Programs of Japan and Foreign Countries

for Radiation Accidents in Nuclear Power Staions

Yoshiro Aoki
Department of Radiological Health, Faculty of Medicine, The University of Tokyo,
3-1, 7-chome, Hongo, Bunkyo-ku, Tokyo, 113 Japan

Abstract

In our country, emergency medical programs for radiation accidents have been
prepared mainly for the people who live near nuclear power stations. These people
suffered from external radiation or radionuclide contamination will be given medical
treatment and decontamination. If these medical treatments in first aide are insufficient,
they are transfered to the neighbouring hospitals nominated as the second medical
emergency hospital. The patients suffered from severe radiation sickness or internal
contamination are transfered to National Institute of Radiological Sciences in Chiba
city.

As written above, the medical emergency programs for the people living near nuclear
power stations are well organized, however, preparation of medical staffs who are well
trained is considered to be not sufficient in our country.

In the USA, on call 24 hours response to a radiological emergency is provided and
funded by Department of Energy(DOE) or electric companies. Especially, REAC /TS
is a part of DOE response network, in which there are provided well-trained physicians,
nurses, health physicists, coordinators and support personnels.

In United Kingdom, National Radiological Protection Board(NRPB) is responsible to
a radiological emergency program. Each nuclear power station has its own emergency
program consisting of a team of physicians, nurses and health physicists.

In France, French Atomic Energy Commission (CEA) is a responsible agency for a
radiological emergency program. On call 24 hours response to a radiological emergency
is provided in Fontenay-aux Roses Institute and Curie Institute. Curie Institute also
responds to radiological emergencies in other countries at the request of WHO.

In Germany(West Germany),compulsatory assurance system covers a radiological
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emergency program and a radiological protection. There are seven centers in West
Germany, in which well-trained medical staffs are provided against radiological injuries.

In this report, I tried to propose a new concept about emergency medical programs
for nuclear power station accidents in Japan. I think it is a very urgent theme to provide
on call 24 hours radiological emergency program, in which patients suffered from acute
radiation sickness with internal contamination or contaminated radiation burns will
be treated without any trouble. We have to make our best efforts to complete basic
or clinical research about radiation injuries including bone marrow transplantation,

radioprotectors, chelating agents and radiation burns etc.
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Whole-body Conuting and Its Application to

the Internal Exposure Measurement

Seiichi Mizushita
Department of Health Physics, Japan Atomic Energy Research Institute
2-4, Shirakara, Tokai-mura, Ibaraki, 319-11 Japan

ABSTRACT-

Whole-body counter is used to determine radioactivities in the body by detecting their
gamma rays and the result is applied to estimate the internal dose. In accidental
situations, whole-body counter is most effectively applied to evaluate the radiation effects
of the body incurred by incorporation of radioactivities. It is generally used in the internal
exposure monitoring program of radiation workers in nuclear installations. The detection
limit is several tens Bq for the precise counter and several hundreds Bq for the small
counter. The body burden and its retention with the time are observed by the
measurement and the time integral of the activity for the dose evaluation is calculated.
The more practical way of dose evaluation is made based on the estimation of intake
from the observed body burden. Calibration of the counters is usually carried out using
whole body anthropomorphic phantom. The intercomparison study using anthropometric
phantoms of different size, adult, 11 years old and 3 years old, were carried out between
JAERI, NIRS and PNC. Through this study, validation of the calibration data and body
size effect on counting efficiency were investigated. The calibration network will be need
to establish the hierarchy of the standardization of calibration of whole-body counter.
The standardization is also required in accidental situations which ensure the results
of the subsequent studies. The cooperative study for the calibration of whole-body
counter for the purpose of investigation on health effect of low radiation dose are
continuing between Ukraine and Japan from 1989. The results shows the validation of
the calibration of the counter for the measurement of the public affected by Chernobyl

accident.
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Table 1 Classification of whole-body counter

Geometry Detector Detector Number of MDA* in 30 min.| Shieldings
) size detector counting for
(cm) '¥7Cs  (Ba)
Arc " NaI(Tl) 204 X 10 1 150 ~ 350
Arc chair NaI(Tl) 104 X 5 ~ 1 30 ~ 200
23¢ X 10
Standard NaI (T1l) 16¢p X 5 ~ 1 20 ~ 150 5 cm lead
chair 29¢ X 10 11 cm iron
Scanning NaI(T1) 134 X 10 ~ 2~ 4 30 ~ 100
detector 204 X 10 !
Fixed NaI{(T1l) 104 X 8 ~ 2 ~ 54 15 ~ 50
detector 204 X 10 10 cm lead
Fixed large Plastic 50X 50X 15 4 ~ 8 10 ~ 40 36 cm iron
detector scintillator
2 Liguid 280 ~ 520 ¢ 6 ~ 10
scintillator
4 Liquid 550 ~ 1500 ¢ 1.5 ~ 15
scintillator

* MDA : Minimum detectable activity
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Fig. 1 Geometry of whole-body counter
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Photo. 1 Inside of the shielding room of precise whole-body counter in JAERI
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Fig.2 Block diagram of precise whole-body counting system in JAERI
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Fig.3 Isocount curves for a 3’Cs point source in air moved 10cm high from the
bed of whole-body counter with five Nal(Tl) detectors in JAERI,
(responses of each five detectors and the sum)
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Table 2 Shield and detection limit of whole-body counter(WBC) in JAERI

Type of WBC  Shield Detector Detection limit
Precise Shield room 5 detectors of 16Bq for l37(35
WBC (20cm steel + 20cmx10cm NaI(TL) 10Bq for 60¢,
3mm lead) set up below bed (in 1000 sec counting)
Chair type Shielded chair 2 detectors of 180Bg for 137Cs
WBC (1 to 5mm lead) 20cmxiOcm NaI(TL)  140Bq for ©0co

in lead collimator (in 2 min counting)

of 5 cm thickness

I—-2. BIE(REEERESHI A

WXL BEBEHEMEE D U VX IXRTF AR, KT HFEHLE THRNSEORETMmIZ A FH
CHERAENTWAEEAIY U FTHY, BBEUEREED 72 LIX20FAEN, BEEOBEBEORE S
BROREBEDE TR > TS, Z0Oh Y U HZITENBHEDEEEESIT A FIRERMERERO, BTH
MR 5 AENBEARE BHICETIREEZA L TND. Kb v ¥ OBRHRAEREIZEA DR
ERERBIOBEROBEAFIE OB LV (FE LV H D WERE L~V ; ICRP #1% Tl Z 0fEix
REDL/10) 2+ TEZ SOTHY, SHIEEAEOEBREOWEEEICHE L 2R LE VWS &
AT — Z LI (IR, PEL T —Z OMFHLER ) 2HE2THD, ERXEEResIv 4 X
VEIS Y v FU v —)b N (T72bbRHIBEY B8 LU OB S O B & Ml LIz Bk e s )
Ll oTnNB,

R E AR B § B~ KBS

R EE A P < £30%

R : <400 Bq(**" Cs)

Tk CEET.5emP B Nal(T1) #Hi#s 18 % 7z i3 @

CRERRHFIERE T 2EEIREE LT RN)
BEVA A MY — @ HEHRTF, BaEE BEEE
HERE VY RV e R
BHIFREY @ 40 5 em R EE OO MK
MRS 80 1 ~ 5 omf2E DOIEHE
BEhE DREEEER TH L BBEIR AR
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Fig.5 Block diagram of chair type whole-body counting system in JAERI
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BE20em X E & 10em Nal(T) #HH#B 2 @AA2E S S5emDfa U A—F WML TH 5D, Fi-mFipids
EISRES 5emDERASIESNTEY, TOMOEST bAKIZL DNy 7 757 FORELL S 1
BT AEMNTIaBEOHRERSEESN TS, —F, ZOMSHTREE D 7 v ORFEDBIUA
OERIER 22 < T2 LT, FERFICEEFREZBR L ESERVERLOTWESICR>TWD, 208y
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1—-3., RHY—=VTRALEHYIE

AN == TREHE T FE, WRE KT D0E ((FEHIB, EEROLERY ) ICEEMNT N
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DicHDOF—F LT, FHOFEHCROTRIBEBETMORKLRD Loy LItERBNT —4 %
RUTHZ LkDEND., BEABOLBEICEELLZESE L VL, BEOWITEHIZB I 5308
BELEDBEZEL VLIV LENZD, TORED T UV EOREREICIIRENSE Y 213 EORET
BELINR, £, BELTHETSZLOHSBELENDIOT, ZOEON Y F OBtHEIZ=2 Y
A= B OONTZ B e L R S D R S, RSN B THREAASREE L 2o T
B, Bl F— A QITZZOBMICE - BEEFTOLERDH Y, ZOBICHIENSEETEDOIRIE 43 7 fE
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Photo.3 Portable whole-body counter for screening purpose which uses a 63mm X63mm
Nal(T1) detector installed in Vetka District Polyclinic in Belarus

TOREHTEADRELT, FzN/) TAVERERIN— L TERIBIERSNTIZEEIT L Z D
BH % Photo. 31T, ZDH Y o Z OHHEEIFEREGCIIM® Nal(T1) #BHE 1 EE2HLOES 5md=a Y
A—Z AL CTH D, EHTiE 1 mBEOHS REERSEESTW5D . JIEOHREILIGE R X OWF
FETTHD,
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M. £55 7 ¥ OKIE

BN OBRERNEIC L ZENE L ENORFELOBESTETIZLThHD, EHFN T /Y
DREHERAEFDLOTHBH, FROFNFNERDEL OWHRE BN O THELE L &
AL BB ERTEXARANEVWSERIZLY, BExACEFE LERERARATETHD. Z0D, BF
TR EORERERETI 77V P A (AGER) 2 AV TRERMTONL TS, £H0 7 5 DXL
Wb nsEfe7 7y bak Table3 27T, @FI VYV FORENRRELZIORDO 1EFRIC
RENTVWE T vy 7RO 7 7 v b AMCKBRFREREZHA LI OB —HRICANLN TS, 2077
kA, AMFOEFOBRERBHREOSLOEDET 7 I APEC=— /L OES (F B, 19,
AL B, BE. KER. FHL B) TEHRESATWA, INHORFHE. BWRBAEFELSWIEAEDC LI
EHICHBEALENTND R, FAFNOKE SRAROERBRET —FILESHWTRESNZ LD TS
B, BUREITST A RE S AR L Sf2 7 7 v b AOFEM ELTIIK, XYV =Fry, MIXD, R
Y LE LR ENANAREMNDDHB?, KO YRIZHT 5 BIRRE S HMEB ORI MAERI X GRELL
TBOVEE LRSI, KEFEA L ARER B 2D ¥ ¥ ORECR S IVHICHNLN S,
LB H Y HIEREORFERREDTL DI, AMEOFREBELHRLIZTELILTHLIEETHIO
T, BHOBRIIAMEOKE SIZES6AVE SRR SN LD TH D, EEICIIAERHITETFL T
MR ATLT B, — RS D T VA RACHTIEEBAEOREZANRE LTRBY., KAD
EHEOTITTT AHROETIT RISV, LaL, FHOEKICT L TRRIESEREARA LR
JEEIC R DD THEB/KEL LTS, 2072, FHEORIEOBICILEE ORI 2 2= OHIE
B—RANCIINE L END,

Table 3 Phantoms used for whole-body counting and other external counting

Materials and shape Calibration usage
Water phantom Plastic box Homogeneous
water filled w distribution
Neck phantonm Plastic cylinder Iodine in thyroid
‘iiiiiiill'
Rando phantom Tissue equivalent Organ calib.
body
Remcal phantom Plastic mannequin Organ calib.

with several organs

0
|
Il

Realistic phantom Tissue equivalent Lung calib.

torso




250

j60

390

Height 96cm
Head circumference 30cm
Chest circumference 52cm
Abdomen circumference 48cm
Width of the shoulder 25cm
Height of the crotch 39¢cm
Length of the foot 15cm
Body weight 14. 6kg

Fig.6 Design of anthropometric phantom of 3 years old and its size data

LB B DBHNEOERKREKEEHND12D, BHRBROT7 7 b ATRHARL X WBERELKE
Lic ANEEHRIZE 7 7 v M AT L D2 E H T ¥ ORIEERZ 199040 H1993EIT T TEE Uiz, £
I 3 ED AEERIZER 7 7 b A (K A173cmb4kg, 107 J2140em35kg o U8 3 ZF R 96em16kg 5 = D#EEI D
3FRT 7 v b MO TOWIEARZ Fig. 6 1T ) M L, BB JAERD . EH (NIRS) 8 XL W
Bk (PNC) ® 3BHEFTOLE N v & THRELZ LR Lic, ZOAEEBEIENT 7 b ok, EBO
AEZEOFEMRFIEICE SOV TCAROBRERBEICHE LZ I RXF v 7 OEHRAKEFTLTH
V., 2HTES>TTEBIRTEH—ITHHERHATE D XS REEICR>TWD, 77 v b ADFRZEES
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1217 Cs O EIRER ( 3 kBg 72510 kBq BEOEME ) 220 —BETEH A LT, 3H|EFT
R EEREZTo, TNETNOHRFTORRTIEBICOVWTEROERGONLRLBIEL
Table 4 10RT. HIEITETF LICIROELIENEFSIE T OREOEBE L MESEICEFEL, 3F
ROEBITRTT D HZIRITRADOERBICH T DRI OL A~2.0EDE LR o7z, FHFOEE 7
SR L BDPERELEREOVHEHINC L VYRR LI b D% Fig7 1R, IV, BEDRBEEOW
BIZHBIT 2 ERET D &, 6lkeDEETO 1kgdhiz Y OHEOLEBKI0.3% T 5 DIkt L. 16ke
DHEETIE 1kebie ) OHEOEHBN 3% LHESND, Thbb, KAOHEETILEDA S S D%
AT DHROEITNEND, FHOEE TIIEOKRE SOLEITKTERROE(EA K E WDk
MEROEREENFILETH S,

LEHEHNYLAOPE LD B LIS RN O EICTIEMEEL LTWAE 7 5 o b b L EEOR
FHLEORMOZIERT ORELPNELTND, ZOBREZEOREZEEL TR ZL3ERDE=2Y 7
BN TRMERAZ L ThE, Sbiz. BRBIOREIGEL S RENSDEELH50T. ICRP 1T
T Y SR ONTOEEYDF T, BIEIRERT I RIS E 50 BEEIZT A Z LImEizisne
HRETIARWEERR L TWA,

Table 4 Results of whole-body counting of three anthropometric phantoms
(adult, 11 years old and 3 years old size), which contained *“Cs solution
homogeneously, carried out in three institutes in Japan

Institute Detecting Detection Detection Detection
system*1 efficiency*z efficiency*z efficiency*z
for for for
anthropometric = anthropometric anthropometric
adult phantom 11 years old 3 years old
phantom phantom
JAERI fixed 1.09 cpm/Bg 1.20 cpm/Bg 1.48 cpm/Bg
5 detectors
NIRS scanning 0.35 cpm/Bg 0.46 cpm/Bg 0.67 cpm/Bg
2 detectors
PNC fixed 0.49 cpm/Bg 0.70 cpm/Bg 0.86 cpm/Bg

2 detectors

%1 Detectors used in each institute are all NaI{(Tl) detectors of 20 cm diam-
eter and 10 cm thickness

%2 Detection efficiencies are for photo peak of 662 keV gamma ray of 137Cs

EHN T ZEAAEFMEH—AEEC > TERL T 72D, — BRI V45
FOBREERAOLGI T 4 L LREOEEL, KRERXY PU—27 O, WEAHOMSIANLEL SR
A0, BEZBWTEEMICOENMIC S Z OF—M2 TRy, £z, €507 21z X AED R
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Fig.7 Weight dependency of counting efficiency of 37Cs in phantoms observed at JAERI
precise whole-body counter for three different type phantoms; antropometric,
Soviet pea and JAERI block phantoms
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Fig.8 Retentions of '*’Cs in the body of same subject observed
by whole-body counter in JAERI
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THEMETH 5.
(2) 77 AWLEY OB ZBR LGS
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Photo. 4 Whole-body counting for Soviet green pea child phantom of 10 years old(21kg)
carried out by JAERI whole-body counter in 1989
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Fig.9 Spectrum of **'Cs obtained by the measurement of JAERI whole-body counter in

July 1989 for a Soviet scientist who ingested about 118 kBq of *’Cs for calibration
study of whole-body counter in June 1989
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TWAEFOBEETHD )., ZOERICHEALEZESOET 7 F A, FICL ) AMEERE L% 1E
D, FOHICP Cs £ Cs THERLTWD S Y — v E—RHE (K670 Bg ke ) ZRIEFIF & LTEEHIA
ATEROCERMRES 7 7 hATH Y., BARDOHFIHT & OHEBKRIEERIC LY ZOFHENHES L
T, BEZBWTLLEI T VY OREREICFER SN TND, £z, 2F VU VX OREDTZDITH
120 kBq ™" Cs # H IR O 5 L 3 ADBEHIC OV T, FREDORIEZ 1T 80~90 kBg DK
EBEREA L, FORMETHEONIZARY MVOFE Figd lZiRd, ZALDAARTOREIZIZIEHZ D
W b DThHoTz, ZNHOEREBU T, FHEZICVETERENTL7 7V FALEDZR2EIT V54O
RIEOEYE, RUOERERONBEIEL 2FHET 272D 7 74 FERIN—VTEBIN TN D5+
BOEE N Y AL HREDTEP E PRSI,

F7o, 1989FEIC AAZ M LIz 1 A Y HOREE 2 T E1990F I B AR THRNEORE 217, EN+E
U AOEYEREREL L LT Cs OF—F 1 BHITADMER, £ Cs OF —Z 5> H1X134 A O
HEFBLURENOLE DY & THRUNEN, BEFHEDO L TEELRRHO—2DF—22HDHZ N T
&z,

Table 5 Results of whole-body counting of green-pea phantom(GP)*! containing *"Cs

and 1¥*Cs, and anthropometric phantom(AP), containing *’Cs, both phantoms are
of male adult size, carried out in four different places in USSR

Phantom Filled Estimated .
5 . .. .. Difference
Place™? (name of nuclide activity activity from (B—A)/A
(facility) estimated its ’ measuremernt (%)
activity) [A] (B 0
Kiev GP (*¥'Cs) 28,300 Bq 27,200 Bg —4
(AUSCRM)*?* | AP (¥Cs) 37,600 35,100 -1
Gomel GP (W'Cs+¥Cs) 31,700 33,000 +4
(hospital) AP (¥Cs) 37,600 38,900 +3
Vetka GP (¥'Cs+Cs) 31,700 37,400 +18
(hospital) AP (B'Cs) 37,600 38,000 +1
Khoyniki GP (¥'Cs+1¥Cs) 31,700 38,900 +23
(hospital) AP (Y'Cs) 37,600 41,800 +11

% 1 Green- peas phantom, which is possessed by AUSCRM in Kiev, has contained both Bics
and ¥Cs (activity ratio of **Cs to ¥'Csis 1/8) while anthropometric phantom has been
filled with ¥'Cs solution.

% 2 Gomel, Vetka and Khoyniki are the names of town located in southern part of BSSR
(Byelorussian Soviet Socialist Republic)

* 3 AUSCRM is the abbreviation of organization of All Union Scientific Center of Radiation

Medicine (in Kiev)

1990 K OOEDH AT EARL Y AEKHAFEN 7 7V F2EZBYH#E (VI T4 TBLUORT V—
UYICERAR, REH Y X DORBRIEERZITolc, ERICHER LR AFERIZENT 7 > b AKA
(64kg, 173cm : 19904EZEHE ) . 117 V2 ( 35k, 140cm : 19934 e ) 38 L O 3 ¥ J2 ( 16kg. 96em : 19934F 5
W) ThD, 1990FIZEM LIZ KA DWW TOREEROFERE Table 51277, ZOERTIEZ 7 b
AZ¥Cs 38kBax v 7 T4 TORNMEFEYRFEE V¥ —IC CH AL, ERICIEYREE L4 —
DET7 7y hAEDHBBEZTH., IEEHEOWKRIEEZBREBILB, XRINV—VOER TIIOOED
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Z— (HMFABESE YRS X — 5284 ) I T20kBg ©' Cs RKIFHEx # N FRE A Lz, 199341
Toley 754 FONRERBARY 27 ) =y 7 TOREEROHET % Photo5 107RT, Z ORIEEROD
#EH % Table 6 12T, AEEHIFI T 7 b AREIES LIz T, v 54 T EOKIEEIZIZ
IFE20% LT THoMN, NI —fMENZ BV TIE 20 % %288 2 5 IEE b 80 & LF R IE DL EH:
Bh D EHEE NI,

AYHEEOZEMOMERIZEL., E@EI VAL BMECHROIKRECE L TS ETHRELEZ
TERZhb—H T2 T, ENBIOCHEYHEL OB CERIOBRHFP TEL I LIXEERZLTH
D

Photo.5 Anthropometric phantom measurement by the portable whole-body
counter in Mother and Child Polyclinic in Ukraine in 1993
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Table 6 Results of intercalibration study of whole-body counter using anthropometric
phantoms, 11 years old and 3 years old size prepared by Japan side, carried out
in Ukraine and Beralus, where their estimations of the activities in the phantoms
are expressed by the percentage error from the exact filled activities of 20 kBqg

Whole~body counters Anthropometric phantom
: 3 years old 11 years old
UERAINE %1
Positronika in RCRM -1 % +13 %
Supef gemini in RCRM +2 % -9 %
WBC in mother & +16 % +1 %
child polyclinic
WBC in bus -35 % -4 %
Portable detector in Bus +4 % +1 %

belongs to RCRM

BERALUS %2

WBC in SRIRM +17 % +23 %

WBC in Gomel District +29 % +11 %
Polyclinic

WBC in Railway Workers +5 % +34 %
Polyclinic

WBC in Vetka District +44 % +39 %
Polyclinic

*1 Ukranian Research Center for Radiation Medicine
*2 Scientific Research Institute of Radiation Medicine in Gomel
Belarus

V. BbHbYIc

LEHN Y AIIERMUAEREBNET 2 HETH Y, WEOHERE 2R TS LIicR D0, B
HARBETHAIZDIEOND T —F DEFEEFEV., Eiz, HFEWE 28 L 26O PR &5
Mz B B HEETHE, N—FU =T, Y7 MU =7 Ol THHMCEM SN, 23D F ORIE Y]
R ENTNDRBIE, EEHBRS X OEERHC BT 2 BAOHNIERMREDORETMOFE L UCIER
CEBHR D THD, —F, WIHHBRRETEOILDIMERTIIEPOERSNIMReL LTL, F2
BIHBROARENIVEEICHEIMTEZAZ DT ONDIBINIEILRVEELVRETH D,

25 2T LB RETHE 2RI > TITW, BOBEMCH Y 2 2FIBTH70Diid,
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Exposure Dose Assessment using Bioassay

Shiinichi Suga
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

ABSTRACT - Bioassay involves following steps: sampling, pre-treatment, chemical
separation and counting of radioactivity‘. As bioassay samples, urines are usually used,
although faecal analysis may be required in some occasions for example to assess intake
of non-transferable radioactive materials. Nasal smear is a useful indicator of an
inhalation case. Exhalation air is used to estimate the intake of tritiated water. Sample
pre-treatment includes evapolation for concentration, wet ashing, dry ashing and
co-precipitation. After adding small amount of nitric acid, the sample can be concentrated
by 1/ 10 of initial volume, which may be used to identify Yemitters. As the pre-treatment
of urine, wet ahing is used for example for analysis of Pu, and co-precipitation is used
for example for analysis of Sr. Dry ashing by electric furnace is usually adopted for
faecal samples. Methods of chemical separation depend on the radionuclide(s) to be
analysed. The detection limit depends also on radionuclide, and for example typical
detection limits are 0.4Bq/ 0 (volume of urine sample) for * Sr or *°Sr, and 0.01 Bq /
0 with urine and 0.01 Bq per sample with facces for *** Pu, ®°Pu or **' Am. Simpler
methods can be used for some radionuclides: For example, radioactivity concentration
of tritium can be determined by liquid scintillation counting of urine or condensed water
from exhaled air, and natural uranium in urine can be quantified by using fluorometric
method. In some circumstances, gross-® or gross-f analyses are useful for quick
estimation.

To estimate intakes by inhalation or by ingestion from bioassay results and to asses
the committed dos equivalent, commonly available bascs are the relevant publications
by the ICRP and domestic guides and manuals that conform to the radiation protection

regulations.

106



1. [ZL®HIZ

REE T, WIHE IR T 270D AAL AT vt A OWEE, ZORRZ AWz < GE
DFHIZ DN TR D,

NAFT veAE QR ﬁ&&@ﬁﬁ%ihiﬁﬁ% RIS NIZAB O34 - WE L. Q)& EOHM
B X OSBRI D R T O EWRIET NV LISV ADENIRTEDFHN 21T 5 HIET
% (American National Standard N343-1978 (2 331F % indirect bioassay PHEEEFR LY )., Z Z T,
R TE DRI & 1%, EPAOBURMEYE ORIEFEE, MHED D WILIREDOREBEZ{TO>Z L ThH 5,

AR OFHSH & BRI \@E@ﬁ%£ﬁ5M%TVW£%@k . BIRORKK, BROFSH s, WEY
AV EERFF LT, BURTELBEOMBEZRRT 5, BB e LTRERR, DWTEXPAWLND

25, A EICE Uik, PR A BEEAAVWLR D,

ROEER LI E CEIBEPORINENDEIE LB KER S DI OWTIEHE RO L W ER
EBEMTED8, LBNIRLDICONWTIERSTEZEN T2 EPREETH D, ZOYE, FEIIT
BN FETHD. BAIVIZRAZ LS ENGELROMMTRMINTRTHY . HIREMOBY, TE AT
bhTnd,

2. NMFT7VEADFIR

— N ITNA AL T v A id, REHER, AT, S0 (BEa8EE) « BER IO R OMIR &
WO FEEEE TS,

2. 1. HHEER

2. 1. 1. BEHOEHRERRE

RIAL AT v 24 REOFTHERBESZEETH Y, KOZELTINENTWD, HSHHEIZMOR
Bl &R TEHL &, U OANE & RPIEER & OB TRHATE SR T —F b %\,
ﬁm\#%ﬁﬁwmﬁﬁ%g(@mwwnﬂwb I b=0 L% ) OBREOHEE D DIZFR A
WHNBD, FOED, BITHEOKRSMESEIZ LHRIIZET Ltk FR2E2BHE L CHbEFicgy, 3%
FIZPHE XN b O8RS D, Licdo T, BT, IEBITHEWTHLOBREYEDLE . WITEERR
Bz 055,

B2 VIIRABEROFEZJHIGT I LDOME THN R —RERETH 5,

FPEUE b U F 7 KR AREDRIE R EIZHEMNBN DS,

AL - TiE, Mk EZOMOREIBHNLNDIZ L 3H 5,

HEHREICIB L TIE, HEHDWITAIICERBE X GNDIGE. FNOBAHEI O ORABY AL Z
SHENWEITETDHZEBVLETHD,
(MFEHFERFY M (RELVER)

NRAFAT oA HEHRRF v FO#lL LTI, Ny 70RO b0BRD 5 TN

@ #HE RAESH (R, ) ORYVE” 18

@ RHEEHIRAS HME(EE 1SR 500mi~ 1 0 B flEFR500mD 75 AT v 7 K9

107



® ﬁﬁﬂﬁﬁ%y%:1ﬁ(3§2ﬁ§ﬁﬂﬁ@#yh@%%%%o)
(QHEIE PN HEHERE A B L e 24N IC PR S N B R, SR
QEREE Ny 7EZHN. BEEZMLOTEITL. 1 BOPEEZ SRR 5. R, 3L bHRtEEIC
T ZNENRIDERIC h@ PR £ FEAT 2.

EE1 RANEREEOH

ORI OREUL, Bl RFOA»HEE3 B
3179,

ERATHE D ISHEME (AL D=V . P b= A
%) OEBREOHEOZDICE, BEA LK 5 ABOREEH
B LTERET 5,

HEHERIZE LTI, BEH 2 WIRERICERBE Z bR
DG, ENOPNEPEDORBATFREZEZ S RWVWESEE
THEZEBMLETHSD,

1 BOFO—EOR LARIREN 2ol &iid, EA
DIHDRF 7 VT F=HREER—ETHDLZ L E AW,
RO VT FovBEZELTC, 1 AYREEICRET S
WIER EBTbIRD,

GEBEONE BEHITAL AT v DL SEICET

BER2 HFEHERYY OH

EE O FROTFVEHE. K4, BEEZ, §iEOR
R 2 BRI RO AT D,

@  FRIZHU R 2 NI L 2B (RO A IR OEREL) 6, 4BMEICK
HoT1ESZ2EDD, flzd, 1THRICER L &3, BAOITHIRECHEICED O Pk
RUBERYT 2,

® iz, ERZEALOEDIZRIDEEENTWZEEIE., bPRECFOERET .

@ HEE EXPEMOLIEBEREBOMEIE., BRSOV RWFIREDO L OB LW, KLU

108



o

HHORE

RITIROIRPIRD L ACHBELZEZILY, Ny 70 v FembIBENRHL10TH
%

RAFHIMBEIC X VB LT, ZRBR I 2 EUED DI OLEEC 25 D THSRe NI+ 5 2 &
BEELWD, ETHILEEEIARTNETDHD, £z, BT o TITWES &2 Mz B E W
D, B> CTREEAEZNAZ T, BE~OEELTHLEVTD, Z2RHDZ LIILBO ST TEEIC

AR T E R B 72N,
FERHEHIBH L TR T D LD EE LY,

PlEDZ L1, B OMEDEIZ L EETRETH B,

2. 1. 2. BR=E¥

B2 YL, A& OB TRIENE X I YE
BL. A EOHARER e ERER 2 AL
THETLHZ DD THD., TOFEFTRA, Fid
WADBENDH o TeF IR L THEAI NI L &
WKDETHERNTHD,

O WMABROFEOHE

@ WAFERE, MELEER L ORI
BEOA— X —DHEE

B2 Y OREMRERFIEEZE 1 ITRTY,

2. 1. 3. BR( MUFIL)

MR D b ) F U AZ2BRT 55k L
T, I— Ry PR, mafER
BATITOZENTED, —RRIZITFER L
LTRIATAREZE ) —NVEZRND
B3, KEANIIKIZT TH Ik 2 8
Wb &ENTED,

500~800mifRED Y —h—2 HEL, XK
KEAND, oIk, Kk Liz, 15me
BEDOAY vV 7T R D WTHRE 2K
KOFNZET, (BRI DIZRFFET
HATBLLRY) , BHEG~T7mDEH
BV F 2 —730~40mEZE LiAG, T2
IR AR & ADIE, B OFER THS T

I mlRREDOEMRKERRT D2 ENTE
e

109

1 BRRIYENFIE

1) MBI AlEEEOT 5,

Cr-7E
<

2

AHEMNOHBEBTRERER I¥T 5,

BAIv—

3) AiEAELD, BEL, HHIED Y BTERSE S,

— K \ Hem
_é}—gg—( %/
B2y AL
4) B ERRERE TRIET 5.
M2 MSKKORIE
HRERE U
e oo A b @Y
H@E
/
P
—t Ty /=

L ¥34T4A
Fhoid ok




K 2 13HBRECHTH D, BBRENICIEER LR 2w o < DIid& 4, &L oREH20E T8
1 € OMESUKBERTX 5,

2. 2. ®ginE

R BEREASAAFAT v AREHE, ZOEETIREVFENZ WO T, HEYOBRESLHAE., HBWIT
IHTEICHE LI LRI S DT DIT T OMEREE & U OIS Tt D, BRI 13858
i KAk, E£ERH D8, BB T ORNEEEORB L EREBRE Lz LT, BITE S OWE L BES
I CRET 5,

(DFR B ORTALEE

@ ZEFRE: FROEOWBEZMA TNERGETS L. B2 EOBRELLIC L /10BEE T
MT2Zen3TE, YREBETHIEBEOMEIIE., ZOFTETTHRERE 25, (727EL, KR
HEBEOCYKDIBERDH DD T, HHELV-IUVRENGEDONEILEONS, )

@ wRRAL:  FibEE, BREE L ERRER3H 528, REBNCILEFAERKIE AT b, 3%
B 1/ ABREORMBEMA THIEL Lictk, HBREWETD, £, RO EORF LN L TRk
& LTcts, BERNET D FHESERDH S,

@ Hib: HILEITRNANWAD BN, VT A, v TR AOEEME Y R TLE ~ 0 Sk 285m0
Avnbohd, ZohElE, Z<OxBRBKLT I, RPOKHEDEOFMEFER L LTHWSRE,

LU, THROFER L THIERIEDS, K31z Ca - Mg V VEMEILB~O4tib #2571,

1A[uafms[vB[vE[vB[wB] VI iiB[nBiinA[WAfVA[WAivnA 0

AR SCETIEY éc% M Fest CoNi A Cud Zn
TEENOIAMo T(@ R PA A4/ Ca

D A AT AR A A A ffg]

¥ Sm ;L\l Gda T4 Dy j/Ho Er2Trmd{-Yb4 Lu

e
PuAmyCmy Bk | Cf | Es | Fm|Nd{ No| Lr

L TR
D S 2 T

®3 Ca - Mg U UBIRTER~NDOHKL (REH)

=
3
3
~
N
N
=
(2]
3
=
!
o)
(e
%
'
B

VAE e SRR U
FEORPLHEFEE LT, BRFEAVEERIRIGER - TH S, Thbb, R UILEREIL,
EHENETIHEEZRVT, MLEL LTEOEEERFTRIT S (2720, KILLLTWEROST
DEEIE, dBR) .
[(FE DIRACFNEDHI]

110



a,

B 2 IRIRAR

CANT £ EHEREZTV,

A= NE2SO BT TRAL, RIEEREESE 5.

c.

b. BEZHRLIC EF+HSICERL,
TR E 2 450Ck L 10 MR ER b+ 3,

D%,

R+5378 O TEICEEFEMBAAS 5,

d.

ZOFER, fILLeT WIS

TOEDHEREETD.
L LATLN L RE ORLI LD E2 R 1ICRT,

)
HEHTER,

REORKEMIZE L,

UAT250°ChALIC B Calbl 2 B -

T DX S IRIGFEITIE,

BRI %_/\?Léo RSACYS ()

FoREICT B,

(IRAEIZE THTRWRFEDBE > TOIuE

WAEHLIR S D15,

K1 NAF7 vt RROFNESZE
wanE B W BHRE BIErE 1 %
R AEOEE R BRITTRDBRDP SN,
EXIRALDT B E LT L EDNRS,
wRIKAL FHEORRE FR URAEER 2 02 Nk HRTROBRIEI BRI,
IEREE . B LKFRE  BROEKR. La—LPRET S,
FFHZELbHB.  —ROICUEERPRPP5 .
KA AEMOERE # o OERFEHAWTIE S LT VITRIILERTE 20,
PEMACEMPERT 5L BDH S .
£ % HEOTRO R OESLHECL VL METHS.
ik 3¢5, WALV mTRELTWS .
HRLZWTERL DS .

EIEEZE S TES .

K2 EORAHBBICOVTOREELRERBR (ICRP Publss &Y )

[ Bl bilistes R HBRS
*H R kS FL—3 3 U 0.4 Bq/mg
22p R BatEl 4 B¢
8Sr_ °°Sr R ALEERO BRETE 0.4 Bu ¢

226R g R ORHEESE L aBARZ A RY 10 B0

228 hH  232Th 7 » 0.01 Ba” ¢

234(] 2357 238 i » 0.01 Bg,” ¢

238pq  23%py 74 » 0.01 Ba ¢

# ” 0.01 Bq
241 A |74 " 0.01 Ba, " ¢
# " 0.01 Bq

111

ERAL



2. 3. AHEBE
2. 3. 1. #W

—fRIZANA FT v A TRERZ E LT B HEEEIZIEEIEVWO T, SEP Ot EEZ IR I <HAlE
THZERHEZRY, ZOD, BURMHEEEOFHMNE, M SN HEHBEOTEB L =R v ¥ —
IS Ll iriE EEERA A WO NS, ATLEOH, SN & EN 5 B D RN ELTE & o8t - R
Do ZOBMEECESHD D VTEICHT LR, FOFFEIT, HILE, A4 URRERERHY . %
S L THAEDE CHEA NS, LM%, EREE, B NWTEEREICE o TERL
TRERE OFR R RET 5.
T4 OBEFIZ DWW T ORERINESE & RHBR O 2% 212577,
2. 3. 2. RHEDH
()7v k=" & -239, 240
FIALEE . —ARICiE, 0.5~ 1 2 DRERIZ &Y, (EFNRZNETHIDODO b v—HE2MZ 5. HER TR
KK TD, HBEINETIZ, VyBINVY T A YaUBIALYT A DV LRTEY vk
(7 vibE Y U atE) 2L oCHILSHE D,
L5  BETONTWD HFETIE, M ( 8M) THEMLZE., BA F VRIS X > THEET 5.
HDHWE, TOA —F 2 Lo EAWEERIIC X o THEET 2,
MERLTE . BEBE. DOWI. HLETET v X 58I L - TRERE 2T 5.
AL R, 75~95% TH D,
BIZE - PEAHRIIICE D affA7 br 2 MVIZX Y, BB OMREEZNEYT S, (FHLEFRIT. @
900—50004F, FHLEhRITR L Z25~33%., RFEMR Ny 7 7T T v NEHERIZK 0.001c/ HTHD.
MRS . BHBARKXTEZ BN D,

1 K K / K 2 1 1
MDA= —_— | =+ B +4Ng| — + — (1)
60Y f 2 ts \ ts ts te

v

MD A : FH L& 28R OBURTE Ba)

K: E¥(GBEFK=3)

Y o B (100%=1)

f:FEhE (RE)

ts: JERRM(52)

tg: Ny 77Ty FOUERRM(5)

No: No 2 750 ROFEE(C/45)
SHEAE L0 L L, LFNERES% L L. FHEIEE30%, MERKMEZ0S, Ny 2 750y RAERRE
ZREILI0S. Ny s 7Ty REHER0.0015 ¢ /4 &3,

1 3 3 3 2 2
MDA= — Ko K| —— F — + 4x0.0018X | —
60 0. 85X 30 2 90 90 90

= 7x107% B¢/ ¢

112



)& ba vrF oy a—90

AIALER :  JREBVEIO0mO~1.5 0 IR 2 N 2 Mtk & L. InZh, SrifE &z iz1%, Ity v Etic it
hEEs,

L5530 hiR AR I A 2. BIEMMEIC XY Ca L 28T 2. Ik e ek dkib s ¢
Brx. Ba. Raldz v AEEIC L CHBET D, KER Sr OW 72 b TOY Sr 3B Y & U Efifc 4
Do

PIESUEIERES . YHEEZMZCY 208ERL, Y avi(y MY UL LTHRBIE%, BRI
5. T ETONEITKSNTHD,

BHBRA: (DXcky, #2100, (BFREEONET D, KAy 7T 00 FERZ BV TH
EL. HEEIERE230%, ABRBLIOARy 7 7500 ROMERMEZEIOD, Ny 2r 7500 FEEERE 1
c /&L,

1 3 3 3 2 2
MDA= ——————— X —— X | — + — | + AXIX | —
60x0.80>0.3 2 90 90 90

= 3X107% Bg/ ¢

(B E AT

iR 22 A 21T O eIz, FFEDOHIFMEETRICE BT 20T, Bz olifigaid 5wt B
TET (£ oflHTER T, & BEHESIT L b EDLND. ) BITDONEZ LRBDH D, & BHHESTED
BleR 4Ry, bLIOT THERBRIHIZ26E, BfCER LT, MELHTE21T5 Z L0358
PILETHD, (R51E, Ny 7 75300 RERE 7V — 710 onTE BRI ORR & LT ol
) VLR OER L PRIAROAHEZRLIZLDTHDH?,

v 400 ml

<— BHiRE
paliEs
<« (1 : 1) TXEITHR
> H 3EEE
|
(iﬁal}ﬁmﬁ —
EiEAE oo W
e (1 1 1) IEfE
&K
(6N ) UrEE
< (1 1) TYREZTK
© H EHEE
Fméﬁ%_w
VB W ohe W

|

!%12‘ I
M4 R0% BHAHEASHEOD

113



0.20 T T T ¥ T T T T
Correlation coefficient
r= 0.732
0.15p -
T
8 o. 4
&
>
i)
et
>
B
¢} 0. o
<
-0.05 i i i i i i i 1]
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Weight of basic phosphate precipitate, W (g)

Correlation between weight of basic
phosphate precipitate and gross beta
activity (82 urine samples, 1984)

H5 EEEYVBIBARONNY I T F PREEES T

—fRI, BEAREREIANY 7 770 FGRHER L QLR LMHITEDZDT, EOXHRMETLHE
Bl. Ny 2770 REREP L ORR L OUBRLETH S,

2. 3. 3. BEEOAWE

PL DS =722 047 LIRIERIC DT 2 28, BICE o T bo ¢ BETHOELARH D, 21
LOFIILLTOL S TH S,
(DEHIC ViRZWES D FHE

VIRE T AT Nal(T £ ) ¥ v F b—v a VIS E iR SRR S 2NN WERE % 7
DEFHEEDL DLV 2T o2 TET D2 &R TE D,

Bl6ix Nal(T &) v FL—ZIC XEKEBOHERNFEOWHERLIZ LD TH D,
Tz, 71 GeL) $EEBRHBOKAENHTIFERIROAYERT. A, BIIT 2 U ILEE,
C. D, ERAFESR. F. GRERXVZF L UBIR AR THS,

@itk y »F Lr— a3

MY FULDLS =IO, REFOEEHREL v FL—ra VEHIT22 b TE S, 20
B2 8ICRT. FYFUAKEBALZEE, RED MY F 7 AEER, BEOKEE L biz L5
L. #92 R CTAICHET 5. RPO MY F 7 AKERA LIHEOTET LU F 5 50E LR LY F
U AREERROVNGRT, ) F U ARARE LEELAOIEEARS PO MY F oy AR, 3~ 4 B[S
DBLLE L A TIORREB .

114



(%)

n

MO EWRHEBE I

=1
iz}

BB — 7 D HES

ﬁ?%%ﬁ

Absolute full energy peak efficiency [%]

40 & $E 20 cm $ I 5
B 5" ¢ x¢” Nal (TI)
30+ HE g oMl i EEY
L KB K o <)
Wt 3. 5cn P
5| @im@m
10 F
Ian
5L
i t = 0.5
t = 1.0
3r t = 2.5 cm
L 4.0 ¢cm
a1
] ; ! L
01 02 03 04 05 0.7 1.0 1.5 20 3.0
THIANLEF~ ((MeV )
E6 Nal(T £ )88k 5KEEOHBXIER
30 T T T T T T T L T T T
: 50 mm 3.9 cmd -
" 39 cmd N
. 60 mmé 13 cm3
" 77 cm3 —
: 92 mmé 300 cm? |
: P.B 100 cm? :
" 500 cm3 -
0.1 ! T B B B S T oyl - L
0.03 0.05 0.1 0.3 0.5 1 3

Photon energy [MeV]

K7 HEFRHIERICEDKEAHOFEHEOH

115

mm



B &L kst 0. 2~1m{¢

- k> FL—% (15m¢Q)

A Em O~ 1 HEF RS D

l

AR A = > F L — i = > &t 7
B8 REDMFILAHEDH

1071
L]
[} } in the water of
expiratory air
4 — 108
O in urine
G e :
2 N
< o ~e g
e O
_ A \1}~.° O Person I | -
\‘ e~ — 102
o ﬁ
= ° Person 2 S
4 3 \ e O e al
o 0L\ e o
' *h
= -
- ‘\\\ﬂ -
~a person 3 — 10!
a
f—4 person 4
107
1 i §t 1 1 i i 1 1
0 5 lD(h) 1 2 3 & 5 6 (d)

LI O 4358 14 ]
B9 FUFVLBARDOESRELVRS M FTLRE
Q)7 7 HIHT
B ERRNRAY 7 v RREY 7 R 81 dADIC L > TERTHZ b TE D, HBR

(1me) #ASMETHERBEREZ. 7ol M) v 22BLE/A (FI2E, 7y MU UL LREED
VAt MY T LDIREY) TERME. BEEPOHD YT VEEOBEZ Y T O THIE L.

116



S LUEERT S, MHBRIZNS e /0 TH-T, KARYS T, #0.1Bg /02725,

3. KEROER

BRE L, D20 OPOASTHREEZE S, MYAZR LT, MIESMNE (S22 MitEnH Z &
BEH) OFICRREND Z EE2BV, BV ALE L ITME PRSI BUHEER S 5.,

R TERER O RN ~O—ER VAL OEE, BAIRVIAAZTESHZY O 1 B HT2 Y OPEHIERO AR
ZHEME RS NS, Bl FOBEOYEMBEIIMIEL THD (Thbb, HlzhbRETHETHD
POLSITRELTNSD) o PHERE#IT, 2RO OWTICRP #EEYY4 262 5L TW5,
Z OPRIERBEE AR NA Z LIt T, BYALBEORR L ZOSTO—R 7 DRI BEY AL
BRBEETES, Z0LE, JHEEDOS LR DIWVIZFICYHEENDEEBKETH D, TR biE, 1
FIRAPYEMEEE D D5 VIFFERPHEEE v, Fuo FilWIREREZ LN TWA, Fu. Fd3f
RIETH DR, TNHBHESNTHDIEHE (TH) BHENRLA TN (R3BZALOM—ERTH
5Y) o FHEERVABERDPIUE, RIBRETNE DI WEEIBEET AV EANCERRRLEETX S,
FREMSI1E, ICRP Publication 30 125 2 SATFEBTRECHEE AW CHRELHET S,

£3 HRICHTIRPHROBEF.OH-ER

FET&Ss £ 5% T % 4 Fu

1 H K 0.6

6 C 3 0.036
11 Na FTHRYTA 1.0
15 P % 0.9
16 S B 0.9
17 C1 BH 1.0
20 Ca VLRI NN 0.5
26 Fe £ 0
27 Co e PAVIZ 0.7
30 Zn i 0.25
37 Rb WETT A 0.75
38 Sr 2Ry Fryh 0.80
52 Te TV 0.75
55 Cs Ry NN 0.8
56 Ba VAURIFN 0.1
79 Au & 1.0
84 Po i iy VN 0.1
88 Ra PRIATNN 0.05
90 Th [NURINN 1.0
92 u A7 Ve 1.0
93 Np kS inty N 0.5

ICRP Publ. 108Xt Publ. 54X93H
3. 1. RPOH#EH, S OERE DT
(DR ABR DA
TASEIR t B % (B BIRE SN BEHMORA N2 RSB, WAL 2~3 BLM) IKlEShk 1A
72 Y DR FHEIE Ba, PRIEREIEY () b 2BHIECHT B R P HEEOES Fu A C. SIRETIE. %
AELF OGS MBI RERS 1 m O & %, WAD 7 T ABNCKK THES NS,

117



Eo(t)explAct)

(0.48+0.15 F1) Y(t)F.

7 7AW
Eo(t)exp(Art)
I=
(0.07+0.417) Y(t)F,
7 IAY
Eo(t)explArt)
I =

(0.00440.48 F1) Y(t)F.
T, LHIROEBRLUEZTELEREE P OEIBICRNENDIEETHY . LB EEHTH
b5, 20O FFEAE (1 Bq) RAZORMPEENEEZELTND

(2N N EROEE
E.(t)explA:t)

fiY{(t)F.

T, LEBOEBRUETESEBREL SERICRNSNIEETHY . ATHEEEEEHRTH

(NN, N

%5, ZNbOROGRITEAAE (1Bg) #OBREORPYHIENEGEZRL TV,

@ rYF T AK
MY F 9 AKIZOWTHE, BRE TIEERREU OB/ cm®*E W kX EMNCEEENS,

42,000 U (£ )xexp(A-t)

R(t)
2T, 42,0001 A OEFITHRATHKOE (af) 2RT. LTMHEELTERTH B, £z,
RO BAEICHARERVIAALZ N F U a0 HKAARERL TS,
FEUERY 72 TR R L BE OB ZE{kiZ. ICRP Publication 54 12 k&A TEH 2 L TW5

1 t
Cul(t) = ———— exp —{0.693
42000 10

T, tIEEREOEM(A) . Cu®iE. 1 BqEVYVIALBLOEL t 128 B RTEE Bg o)
Thbd, Cult) DDTebiE, MI0DERBYTHD, ZOHPAOR (H) i, UL+ 5,

: t
R{t)=exp {—0.693 _ }
10

118



T BRI EERA T ITI!IHI T T T 17T T T TTTT

T T 1T
oLt il

T IIIUH‘ 1 IHIIHI T !”HU'
1 lllllll{ i ]ll!!!l! 1 l]“lill

T HHHI
11 HIHII

T HIHII

L1 llllul

FRACTION OF INHALED ACTIVITY
S
IS

T IIHIII!
| llllllll

10”7

[ IHHII
I HHII!

10"8 L1 111111‘ | 1|nnl 1 lxnml oot rrags
10’ 102 103
DAYS

Tritiated water: Urinary concentration per mi, acute intake.

B10 FUFDILKTBAEREORPREDRMNEL

—
O
(=]
—
()
=

3. 2. EHH. BXSVvHSOEREOME

(1FE 47 2> © ORIE DOFHR

ICRP Publication 30 PIFREFRETANCHEZIE, ZELRNFHHIHERRE (AMAD) 281 /m TH
AD Y FAY DAY ERA LIS E, A8 (BIR%QI5 B ) ORIt S 3 E & I3 BIREDK48%
Thod. POFEPPEL E: & Lic b &, FHES S 8E T,

I =E:”0.48
Thd, ETBADYT FAWDILAEYZ2RA LTI HERE LIRS THEIRS,
1 =E:70.41

(2052 2 ¥ b OBREDOHEE
AMAD 231 pm TRAD Y 7 AY DILEHEZRA LIS E, BRAIVYOBRKEIEENE Lz s &, #iE
ahpEREIENIzZE - THELND,
DO I r=THITONT
=20%X Ns

119



@ T b= LS OEREIZONT
I :40X Ns

BT, KREERTHICE > TEROEROZ < & & Y HilZ TRWZRYE - @AM EER &N
B OUTRR, IRAETRICEHAT 5.

SE Xk

1) AAREYHY2CHEBSNHEEMEENEMNERS . "WIBERICETIMAT=2Y v
DE” (1983) .

2) MREMETS : ‘& BEUAMRRAINIIRBIT D5y 7 75 07 0 RL~vOFiE”, JAERI-MS85-134 | {ffE
Y¥E — L HFE —No27, ppl31-133(1985) .

3) WhmRz: “IRTFVF—fEN Ge PEMARG AR OFE & RRRIBICH 3 D HIZhE",
JAERI-MB85-134 {R{EHIE— & & HF28—No. 27 . pp.189-190(1985).

4) WAREE . Y F U ARAROMSERRIEOZE%”, JAERL - M6690 . R & 2 42%H - No
18 . pp.125-126(1976).

5) ICRP: “ICRP Publication 30 Part 1. {F¥FIZ X DHRMEEBOERORE” (1978), FiRR,
HART AV b—71% (1980).

6) ICRP: “ICRP Publication 10, Evaluation of Radiation Doses to Body Tissues from Internal
Contamination due to Occupational Exposure 7 (1968).

— MBIz SE(C LXK

« ICRP: “ICRP Publication 54-Individual Monitoring for Intakes of Radionuclides by Workers:
Design and Interpretation”, Annals of the ICRP, Vol.19,Nol-3,Pergamon Press, (1988).

cHEFHAREEMfEUA—: "“REBEECICBITSRBLEOHTE - BT =TI, (1988) .

« Bruce Boecker, Chairman; Bioassay Procedurc Working Group: “Current Status of Bioassay
Procedures to Detect and Quantify Previous Exposures to Radioactive Materials”, Health
Physics, Vol.60, Sup. 1, pp.45-100(1991).

G.F.Clemente, A.Delle Site (Edt): “Commission of the European Communities: Assessment of

plutonium internal contamination in man”, EUR-7157EN(1982).



I AERRIRERM & N FT v & A - - -

3. PIERHRRRR BRIk & R A

A fFOA
MR E G AT

Research Subjects on Internal Dosimetry with Emphasis on Emergency

Nobuhito Ishigure
Division of Radiotoxicology, National Institute of Radiological Sciences

9-1, Anagawa-4-chome, Inage-ku, Chiba-shi 263 Japan

ABSTRACT - Dose assessment at emergency is essentially a methodology of
presupposition both in external and internal exposures. It is, in other words, a long
way to reach an appropriate estimation of dose using limited ambient information.
Especially in the case of internal exposure, since the dose is determined by behaviors
of radioactive materials in the emvironment and in the human body following intake,
and also by radiation sensitivity of body tissues, we have to consider the dose assessment
of internal exposure an tremendously laborious matter.

In the present seminar we report three research subjects on dose assessment of internal
exposure with which we are able to deal and subsequently we have to deal in near
future in National Institute of Radiological Sciences. The first subject involves problems
on metabolism of radioactive materials; 1) how behave the radionuclides contained within
the other matrix materials and 2) how is the metabolism modified by the difference
in shapes of radioactive particles. The second subject is associated with radiation
sensitivity of body tissues; 1) identification of target cells and their spacial distributions
in respiratory tract and 2) to obtain scientific basis to determine factors for
apportionment of radiation risk among different resions of respiratory tract. As the
final subject we describe variability of internal dose among populations; how can we
determine variability of dosimetric parameters not to be obtained directly from human

data.
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Table 1 Activity in Hot Particles

Nuclides Activity CED (Sv/Bq)
95-17 0.133  1.9E-08 (W)
95-Nb 0,137 8. 3E-09 (V)

103-Ru 0.116 1. 68-08 (V)
106-Ru 0.032 1.0E-06(Y)
134-Cs 0.005 1. 28-08(D)
137-Cs 0.006 1. 6E-10(D)
140-Ba 0.150 1.7TE-09 (D)
140-La 0,112 4.2E-009 (W)
141-Ce 0.135 1.7E-08 (Y)
144-Ce 0.104 T.9E-07(Y)
89-Sr 0.063 8. 4E-08 (Y)
90-Sr 0.006 2.98-06(Y)
238-Pu 0.00005 3.2E-04(Y)
239-Pu 0.0001  3.2E-04(Y)
242-Cu 0.001 1. 58-05 (W)
Total 1.00015
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Fig.2 Ratio of Am/Pu in rat lungs following inhalation of Pu0; aerosols
contained with trace amount of **1Am
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Fig.3 Lung retention of Pu in rats following inhalation of PuQ; aerosols,
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Table 2 D—FLEDOHITR LI X 9 2REEZTLEY ., BRMICISERCFERREHSEICE VRS LD
BELEEFRoTNDY, SEGHROERZOLICESIIIRD NP oTc b WHEEARK, FEIR
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Table 2 Partiton of Radiation Risk Among Respiratory Tract Tossues

Resion Tissues for dose calculation Factors for

Apportionment

Bronchial Secretory and basal cell layer 0.8 =0.6—>0.33
Bronchiolar Secretory (or Clara) cell layer 0.15—>0.3—>0.33
Alveolar Whole tissues 0.056—=>0.1—>0.33
Lymphatics Whole tissues 0.001
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V. #2820 VARIABILITY

1. VARIABILITY
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Biological Dosimetry in Human Hematopoietic Cells

Nanao Kamada and Kimio Tanaka
Research Institute for Nuclear Medicine and Biology,
Hiroshima University
1-2-3 Kasumi, Minami-ku, Hiroshima 734 Japan

ABSTRACT - Measurement of blood cell count is one of the most important, convenient
and reliable method for estimation of exposed dose after accident. Furthermore,
morphological changes in peripheral blood and bone marrow are useful for determation
of therapy, like a bone marrow transplantation in cases exposed more than 5 Gy.
Lymphocytes are most sensitive to radiation and the decrease of 50% of lymphocyte
count is speculative for 1.5 Gy exposure to radiation. Seventy five percent of decrease
of lymphocytes within 24 hours seems to be exposure to more than 3.0 Gy or more
of radiation.

Recently, whole chromosome painting method is available to estimate the exposure
dose. Furthermore, fluorescence in situ hybridization(FISH) method of prometaphase
cells gives us more precise dose estimation. Application of this method to A-bomb
survivors was presented. We believe FISH method, either chromosome or prometaphase

cells, will be a useful for estimation of exposed radiation in the near future.
MRIZ &k DEMENBFREEDHEIZONT

MR & 2 R E OHE OB BITOFRIMBRESL TR HEOHFHEEOR THHEFETHY, @
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HD.
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#3 MBEBELEMNSH-2HRERE

WIRLH [CH (T 5 Mk D E
mik#d 25% 50% 75%

Yk 0.6 1.5 3.0 Gy

8 Bk 0.8 1.9 3.9 Gy

ST 72 - T Fluorescence in situ hybridization(FISH) &3 FREIC 2 - TE e b, L@ Ak
X VBESIE Y +OBE L%, RAEEEBICE S BE 2 EEMAE CHl T 5 FER R AT,

2 pairs of chromosomes (chr.4 - red/chr. 9 - green)

30
m Cf neutron
i o Co vy ray

NV

10

\...

Chromosome aberration frequencies (%)
""\

0Ly L 1 1 | 1

0 0.5 1 2 3 . 4 Gy
Radiation dose

B 1 Frequency of abnormal interphase cells induced by -y ray and neutron detected by FISH

1IRABLEEPFRICEED L OIC, XOBFRAEPFICEEDISITHLEL LTCERIWCoY
MEZNENRERF LEHEORFHEZRLIZLOT, CLHEFL CoVb 1 Gy HDWiE 4 Gy
Bl ETRERMCEAEIRETIZLBDLO0TEHROBRFPLETH L, PR ELEARAD
A TREEEEZ PR VML VEEE THEETE S HELEEALND.

&E 3
Cremer T., Popp S., Emmerrich P., Lichter P. and Cremer C. (1990) Rapid metaphase and
interphase detection of radiation-induced chromosome aberrations in human lymphocytes by

chromosomal suppression in situ hybridization. Cytometry 11, 110-118.
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Dose Estimation by Chromosome. Analysis

Isamu Hayata
Division of Radiation Hazards, National Institute of Radiological Sciences

9-1, Anagawa 4-chome, Inage-ku, Chiba-shi, Japan 263

ABSTRACT

In this paper radiation dosimetry by chromosome analysis of peripheral lymphocytes
is described as follows. a) General features of lymphocytes (number, location, and life
span). b) Types of chromosomal aberrations used as markers in the radiation dosimetry.
¢) Methods of dose estimation by means of chromosome analysis. d) Individual difference
in the yield of chromosome aberrations. e) The dose range which can be estimated by
means of chromosome analysis. f) Chromosome aberrations caused by the environmental
natural radiation.

The theoretical limit of dose range to be estimated by means of the chromosome
analysis is considered from about 2 rads to 800 rads in low LET radiation exposures.
The lowest limit for a practical use is considered about 20 rads and analysing
chromosome aberrations caused by such a dose range to obtain statistically significant data
takes one technician one week laboratory work. Necessities of establishing a biodosimetry
center where technicians and equipments will be stationed, and of developing the
automate system for the analysis of radiation induced chromosome aberrations are also

mentioned.
1 #E
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BLTWBAILD, HEDOEDMBPERERD > THOEDEELZT, FRBOT NI RABLERD, &

137



oo TORBIIES THD OTREME L LTHBETH S,

RETIIRMM Y v/ SBROYERGHTIC X D BREEHEEIC &, OFRMBM) VRO, ERTO
oFi, Ffn, ORERECAVONIYREREEOEE, QRAKEFOHBTBENPOCKRELEETDH
B, ORFBRICE > THERSNIREREROBEEOEGE, ORGfST THETERARENH, OR
BEHRESRICL > TETIREEKETE LV I IEF TR, REAITIC L 2BEADRETRIC X HE
T3,

2 RH#EMY v\BOH, ARTOSH. Fw

Y 83RkIz oW T IAEA Technical Reports Series No. 260 (1986)0TIZk DBEIT R~ TIN5, ERK A
THRAERNIZKSIKED Y R HRKEREDL, TNO6OEITRE. U o 8, TOMOMEMFIZFELTE
D, FHMIZHDDIEE) VKO 2%BRBETHD. Vo BEROKES (£990% ) iZF a1 E < FREH
B 3FELHEIN, —E(N10%) DY v 3ROFMTELS 1 ~10AETHEET S, Vv BROFAER
BRI 2~5%/BTHD. U EHD S bDB0%ITEET B &30 LIEHMIZE BT, K& O
Ma . U oRE, 2OMOMBT TRY. —ERBTICRE o7z Y Vo RIS MIZ B 5 01412
FFZTH D, U U BRITHRMM BT L 2722 FR/BEL WSS, KLY v 3RkEoimT52 &
IXENOMEBEF DY VBRI DN T H RIS T 5 2 L 2 E%RT 5,

3 WBREETOEELCIRBHER

b b OYEFIT22 OFER AL L 1 OMEREAEKP SR 6K THERSNTND., EF TR, SRERK
WCIRBRELFEINS S ONB L 4 FT2520H5, > T, BEEOFIT 1 MIIC46H Y, MERER G
BAEOEERFE SRS T LRTOXOEFEIREL LRV,

Y VR (G MMM ) AEFRICERET D &, AT OREEFRFEIIDNA © 2 EHOWABERE S 1
TOYEERBMBER LD, —HELFEHEOHEITIZI—RICIZIDNA © 2 EROFAHBRGEHER S A 7 04E
DHERORE LD, REFRMEE L RASFEEFRFBECE IEBEOSRTHATR IO L, £
ROWREE VR TES, B2EEOHYTIIRAARREL 2D, > THHRBRIC L DEERET ©
ST BEE, KEMY L kESTCTPHA ZIRMLTHEEL, B 1EESHPHMBONERNE < 2
DHIABFERBICEE LI BEARE AVD, SEAEREOHMIZHE (BE, 1993)YE22REI v,

Go fIDNAER F1EESEE H2EESHH

HEhE
I |
Tl g kR
{LEoE H
|| B
Frial Yem A ARIRE

B1 BERELEFNEICIIRBEREEDORE

138



BIFRROPBRIRBHEE DRI & 2 DY OBRFE I VRBICE S RE LEMRBICESRE LD
b, TNHDORFEDS B, MRSRICEI > THELTLES bOEARLERER, HEAEFICTHRMAIZIC
B> T bDEREMAEE LIS, REMBRE LRDPALEMRE L7253 DNA HBAEESL
LR DOEERAF OIEIZ L VIRE D,

THEEICESSRAEREROMMARE TRLERTH Y, Ul ALEE+EEEKNE (75 72
YR b, 2HREBICESSREBHERFIIBBAER LIEN., 1 FROLREHERND 2 rATIcE Ui
BICESLbDE, 2ADEEEDENENIC L y ITF 2L LBEICESSbOLEHS (K2, K
3). 14EEN2BEICESIEE, FPREMAF L LT, BRBREGREK+T I 7 AV £l [F
IR R EBR+BRIR T T 7 A 8 BIERSH, KEMAR & LT BEREESA) £33 URERE
WAL) BEREND. BRI T 7 AV MR LELERDO I SIT/NEL, DX D REFTITH/NT R & W
B 2YEAR2EEICESKHE FLERBRELLT (2BRE+T7Z 748 BPEMSh. €8
MYe b RE L LC RERE) MEREND. SHEEBU L, $72bb 3BEEENEE, (It
BHREF L L TR IHRAKEZEInERERERDY, BLE THFEBLEREOHBR TLI LITHET
b, TNHIR2B/ELEI N —1EOT I T A L e THBORETH D,

{8 ———
OCITTT

| -

Eﬁ %% Translocation

—C

—5

N

-
—

-
R,
™~
X o
S

K2 2BREELIEEREDRH K

”N\Vf:} . ;”! Inversion
-

iEZD ﬂ}{) é@)*" ® Fr + Rc

B3 i ERRREBEORK

139



4 REBERREOHBHEENCREZEEITSIAE

4—1 FTREHLEBHEEE (Dic, Re, exFr) ZIFELTHEA

BHEOBEEZFOZHRECEREAEFESLT T /A v M L ORRERREERET L. HEMKFH
Do, BRSGHEZIOTHEBET TEOEERNTE DS, INETEREINTLREERITICLLBE
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b, SEHEMII2EFEAN 2AEEKRINZERZL, 2HREMEFEICED TEHET 2.
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BRITZ 7 A b (exFr) X1 RBERTH D70 0 THYBEDRBRITERE RS,

2BFAE Dic) L BREER R 1T 1 RIEZ L 2RBBRKCESIFELDD, XBEP VR EE
L E T (Linear Energy Transfer) S ROGE. RBEOEMESH Y OA 4 ALHENKL, 1REFT
2 (%) HEELZE L IEDHREMEIIRY., REDX AT DICHEWREIR S HE 2 2 ek 2 #BE12E-5< Dic
¢ ReOHEBEEREL 25, TOREKLET MR DEE @ Dic + Rc ORENRBRITIERERIZIT
BERO L2 BEREFIZ2KERHL RS, —FHREFR, BTFHE. o288 LET BARDOBHE.
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KR ) > SEROY BRI L > CHRIBREB 2 HET 5B, Tl Licins ) OF /2 5o i 2 5
R B Y A AR L F IR A AR LA DR E TR ER AT, La kR
DHBBEE 2 £ LR EHICL D Y=A+ aD+ BD°0 o, P2RdD, £ LTEORICHEE DR
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£1 CovBnAKRABOBENREF
WE | OWHIRE | DictRe/100MHAE +SE | exFr/100#Hf4 + SE
0 300 0.0 0.0

50 300 4.7+1.2 4.0+1.2

100 300 13.0+2.1 5.7+1.4

150 300 22.34+2.7 10.0£1.8

200 300 38.3%3.6 16.3+2.3

300 300 88.0%5. 4 35, 04 3. 4

400 300 146.7£7.0 61.3+4.5

(Brewen®, 1972% D)
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PR EHE | DetRe/1008HfA+SE | exFr/10040Hd & SE ERAIZ #E(R)
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EV O BRI RILT D, ‘
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F=(f{/P)/(1—f+1,/P) ®
p:e—D/Do @
Ei B,

Dol3 BB DOFE T 37 % L 72 DB T, EBRIT X o TEPHE 22 b HEIC I 1T D gREN O E|
EF Q@D 6kESD, Dotx® Co VT 350rad (Matsubara 5, 1974)%, 250kVp @ X# T 250rad
(Lloyd &, 1973)° LifEES N T 5,

Dolphin 5D F#TiZ 1 Mlg4 Y 2 AU EOA L ERMGEEERET ZF > MRA PG ORLETDH
D, o TZOHEFZEBHNEREFEBROH AR THEHATETHD, £, FEY L FRAEM I
A Yl lR BE & Bz HIRE R OB A E 0 D AT OB HECEF LI BN TOLBHTE 5,

4—1—4 Qdrix

Sasaki & Miyata (1968)13 28, MDD E L LDOFETH > THHEBEE OBEMAIC b b H A
ARl QdrEE2FER L TN D,

Qdr HERHE L TWA Z L SR TH HHE— B B ARG TR aFRO R L R aF 2% (Dic, R,
exFr) & - iz M M i 817 % Dic + Re DHBMBEE OR B RBEGI OWBRELHET L HET
b5,

Bt L7 Dic + Rc & X, REEHREERE LR o ILMIROBEN u., FEENYREEKRE &
B o IR IC 81T B Dic + Re OHBBEZ Y1, FLERREERE LFocMIEFICBIT 5 exFr ©
HBBEES Yo b 95 &,

Qdr=X/Nu=Y/ (1—e ™)
L,

REER G BAR B 25 - M 81+ % Dic + Re B LU exFr OHBBEE OB ELRBRITER
WEoTKRDHZERTELDOT, ZOXMPLBRENRRKED, Qdr B LAHEREL, TTOHEE
MRS 817 B Dic + Re OHEBBEE OREBMNRBERISHE LTILBRE L OERDRITIEE B~k

143



WGEWZ EBRHERIEND 25, HEOEBEIS OFEOHEIX Qdr ETIETER ., Ei. /RS OHEE
PHEBEREFLRNMEAZEB L TV IBRIRB AR ENRE 2o E—E B S PHMiEs L L
HE LW ORBENELI 2D,

G ICALEREEFREMBOHTHEE & Qdr EORRMEEERLTRT (AR, 1976)”. REE
BLEEREMBOBMEOREBRETEH-Th, QdrEIZRE—EOEEZREL., EHMEICHE Y R
BREOHEICFIHATE D Z LHES,

-
PV\ Qdr

(g
o

gee
Qdri#E

05
04

—
(5]

Cu (DIC+R)

RETERIR R AR DSERE (%)
o 3

200 400 600 800 1000 1200
\ BIREEHE

K6 Qdr ELTRERRBHETAROBRMATER (AR, 1976& V&E)

4—-2 RTEHROHEE (BE. #4) L HREBHEE
REBRGERELFH o ILMRITMRESRIZE > Thb s Z LIZEW2 D, REEEEZ2E20H
fa L ORISR PPDLOTEDLLRNEEZLND.,

I T T

REk R EFOMBOHEE X

{ { !
g 0G0 2000 3000 3000
BR&EEH

B7 REY TRERRBEAEZTHROBENZERBIZEL (Bucktond, 1967&Y)

BEMEEERREOHRBAEDOREYNREMZ Ys=A+ aD+ BD? YGERAFELZFELRZVMEE
No. BEFLEREE 2F > lan$z Csk 75 &
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Cs/ (No+Cs)=1—e™™
ERY, BIISGHIC L YV RERRECAEREOHBEBENSHETENEIHREREDHEELTETH D,

X 7 iz Buckton 5 (1967 )'O238f 4 U e SRE MEFHEBIEI R O BAHRIGREE ORMM Y /SBKF DORE
Yo R B Cs & AL ERYAAREME Co0EEORBOEILD ST 72574, b CsDIf
BRI B DR NE, BLO, CuDMEERWRERICIT CsOBE 2 RIgIC EE B2, ABigE
FTL. ¥3ERITITHFETDIZ LBMHED.

Awa (1990 ) ViZES, BB ORBHIEEIZ OV THBBNSELRB L 2 BIcHn L T aEsir
fTolefi, BSEEZBETHLHALNICHBREICHARE L CRaEKRE (H90% IR ERREERE ) MILD
HIRBEERELS R TN EREL TN D,

BEMOGPEEREIIZOL S CRMBICOIL VRRELRYT S RWEEL 258, TORHICIE
RESRDYNRE— LV EL ORBEEPEE L CERTEERGRZHETIARAESTECL ST
BB, REEMYPEEEREO0EU EORRM L FRBLPE 720, ZHE TRERNTIIAL T, &
A DBFOL Y EFEEE THEICRIETE 2820, EAOTEESEL Lo TE Tk,

4-2—-1 RBEBEREICIIREHEBEEREDOSN

KERr—L 2 Y AT THERO Pinkel & (1988)' 213t k@ 23 F OYLEED 5 bOEKEEDR DIk
DNA in situ 3 FRMETHIEPRETIREFECELRRE Lz, TOFETIRELRE (F6) Uiz
R LMD (EER) REEFLOMTE UL RBART T, REL (MEGE) Thhv, RLER (28
FiE) Thh, YNEEEREEL LTEAMEEEEROESFA 7\ — iR, HELEL1LEOYR
BARD 2 OIS 5 Z L OEEICENTE D (K2E8R).

Yol B OETIIE A LB EORGAEMNIELCREOZPRE SN DD, MBS ORakEs
DEEPCRELZEETDLDITITHEPLELRD,

BEHRIC E DGR DBIBEIL T VA ATHLIPOREEDRSICHFILTEL, o THBHRREE LY
BEOEIIZHFAILHEE TETL B2 OND, 2REBRIZHTIECLZLEAFNODN ABDE S
BrETBREEYEEEOEERE Y R TEEREHEE YU TOX 5 2% H 5 (Lucas b
1992)',

Yi=Ye 205r( 1 —1)
Lucas BHiie b 1%, 3%, 4FREFE2EC L CREFRELZMHBITL. MEROBAESITIC X SHER
CHBLIZEZ A, WL L IBREABEPBNERBEONZEREL TN D,

5 BEHRICL>THERSNIRBAEREDEAZE

FRAHRRIC X DY RFOHBBEDOBAZR, T@BIIHE Y FEETIT2 VA, DNA BEEREROX
BEEEERETRAROI LB OEFACHENEGEVHE TREFEZELFRE NS, Sasaki b
(1970) 3B BRI THIERRERE (FUVERI FA4 7 = VE—E ) TIHALPICBEA L
0D EVEE CHARIC LS RAKRESFRINL LWMEL WD, TORFEHED LHIZEERS 28R
R OB ORBEREILLDHDTHY, exFridFEL TR, HHIEER, BEAZED,
HERTRFRESNDIEREOHERES, TORBAIWETL, 1~2F AP OHRALRBEDCHEIZLD
EBELTCWD, IERDO) VAP HERICE o TERE TREFRRELFRT L LWV O ERIT,
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Lloyd & Reeder (1978) 1z X » T H MR E N TWA, Liniecki & (1971 )O3 #ric & 5 Dic ®HIR
BOEFIZIHFEBEEZR. 0F»670F £ TOM Dic DHBARIIRAITUET T 525, Re OHERITIT
FOLSREMIZADNRPTZEHRELTND,

BalZREN THHBREBEREZT R LFEBEEORMM) v N IRORBEFFTZTRoTND
(Hayata 5. 1992)'", FEBEFE TIZ1ENC 1.8Gy OXBEIT ViREEBR Y L Eic+21c Y 55
WLTHESEOHETER 2175, TNODOBETIRRNFE, B8, BEHMIOKE ZIZITRENE
Drofe S, B L7 gERE (Dic + Re) 12100/ 0 15.5~110L K&K BRoTWWiz (F4 )., &
7z, T0F LA b B T RE#EIL56.5 Gy T Dic + Rc OHEBFEES35.2, 7100/ TH -7z, 60
FLUTOBREOZNLOMEIF54.3Gy £61.0/100f I8 TH V., BEE TIIRFARICIILEHREEOH
HHEETEBICETL TV,

£4 FERABRFRABBE2LZZLORMEMY UARITRH S W= 28RE EBREEED1006
RO HBEE (%)

AE B £ i & #ERD BRI R B 5 5
(=) (%) (%) (Gy) (%)  (Gy) (mm?)

WS 52 0 2.5 1.8 58 56, 6 160X 160
KT 55 0.5 - - 69 64. 1 160x 90

S H 62 X - - X 55. 6 140x 150
™™ 49 0 - - 38 52.1 140x 100
SiT 59 0 0.5 1.8 g7 50.4 | 150x 150
MY 50 0.5 2.0 1.8 31 49.4 | 150x 160
IH 58 0.5 10,5 1§ 3.6 - 50. 4 150x 150
Us 60 0 4.5 3.6 — 54.1 170x 200
HK 54 0 0 1.8 73 53.1 175X 150
FK 81 0 0.5 1.8 15.5; 56.6 | 170X 190
HM 74 0.5 1.0 1.8 24.5) 56.4 | 150x180
S K 67 1.0 0 1.8 85 56. 6 160X 150
MH 75 0 0 1.8 55 57.7 160X 150
IT 69 0.2% 2.0 1.8 29 56.9 160X 170
IN 70 0 0 1.8 35 56.6 | 170X 160
S M 62 0 1.5 1.8 53 55.3 | 170x160
NH 84 0 0 1.8 33 54. 8 170x 160
NoM 69 1 2.5 1.8 27 55,1 170x 160
TK 68 0.5 1.5 1.8 45 56. 1 170X 170
oT 74 0 1o 1.8 48 56. 8 165X 143
SaT 62 0 0 1.8 42 54. 9 170x 160
NaM 67 0 3.0 1.8 110 56. 9 160x 160
F1y 64.6 0.22 1.73 2.0 51 55.3 | 158x 158

6 RBERSTCHERRETREER

BB EOEMCHE W REEEREOMBMEEIIENT 22, bIRELZBLD L, FEaEREOFMIC
BE LR WBRIRREOEMESNLEAFEEOFREBMEDO LAERe ERS, SOITRENPRERD L,
SHRITRAEREEOHBEEILHCET LGOS,

Norman & Sasaki (1966 )'®11.9 MeV @ X # % #E%100~200 rad /4 T15~3,000rad & FDFK
WMz FRE L 72 E8 A 5 Dic + Re O HBLAHEIZ500 rad LhE TRFIUREBIZR > TN D LT 5,
Norman & Sasaki DEBRT—# 251z Lloyd & Edwards (1983)'*13500 rad UL EDF — & st Lz
BEOKEENREMEND o, fOEERDZ, RETZOFEREZFRT. ceOEIAITR> TN,
15rad T Dic + Rc DHIRMEER O /516l Th oTeE L, Ny 7 7T FEZ S5 ,/10,000& L7cFiZ
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X5, BOMEIZ500rad 225 ERAETIETLTWAZ LMED, EiEb 0% (4°) bIEALTE TR
v, Lloyd & Edwards iz K3, Z ORR» GREES T THEEFRE2RE O _ERIZ600~800 rad T
HAHo5 Lk TND,

RS BERERZRVBEOERNK ¢ fLERE

BAEE a+SEX10™* |8 £SEX10°° x DF P

2, 000 4.3 +£2.2 2.340. 30 193 10 <0.001

1, 200 1.52+1.21 3.6+0.28 44 g <0.001
800 0.17+0.77 | 4.5%0.25 13. 5 8 0.10
600 | -0.40+0.55 | 4.9+0.23 6.9 7 0. 44
500 | -0.7840.50 5,240, 28 3. 02 6 0.81

(Lloyd & Edwards, 1983k D)

PEfRREZEEL L TENBEVWREE THHEERRETH 55 & 5 B A1 Pohl-Riiling 5 (1983)
20 L Lloyd & (1992)iz Lk » Ti772bh iz, Pohl-Riiling 1z XL 2 rad 7»5 Dic + Rc O HiERAHE
DEABBDOND LB~TW5, Lloyd b bHREHEDRIMEIL 2 rad fLTHA S BTN D, K
SIzmHEDHE L, 5~30rad £ TOF—# &7/ ® Takahashi b (1982 )2 D4k & STITIER LTz
BESHREGRS T 7 E2RT, ZOL 5 RIEBREROWBRBEHTICIER L EROLECEDSFTBLEL R
5, bz, Pohl-Riiling & OHE X108 AT D ILRRFZE THI 6 FHHA ( $928075 8 D Yufafk ) % H47
LCHEZLOTHY, Lloyd 5OHFIL 6 HFEFTOLBHEIZL VKT 5 FMIE%E (K440 5 @D Y
F)EFMLTHELNILLDTHD,

---%-~ Pohl-Riling et al.,1983 16%keV X-ray (in rad)

——#— Lloyd et al.,1988 169keV X-ray (in cGy) X

—® = Takahashi et al.,1982 '°/Cs (in rad)

OO O = = 4 1 1 ek ek -l
NN HR DY

oo
630}

Dicentrics + rings in 100 cells

0.0 | i 1 i L ]
0 5 10 15 20 25 30

M8 REBEUMTEACLLIREETDNERERRLICEITS Dic + Rc DREHMNRMEF

HEHNCERO D D EL B/ L ICOITLBEROITHIET, PERSNLIEDOHEP 26 SOMRLUNICEHE
EOFETDMEEZS% ET DI RMBEENLT DL
Z 0.05= 54/ p ( 1—-P )/N
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L2 B, ZooslEI%EEMKERTFTLITH S,

#£6 DI EMBBY

P
0.1 0.01 0.001
1)
T 10% 3,457 38,832 383,776
*20% 864 9,508 95, 944
*50% 138 1,521 15,351

ZORICEVEH Lo T & MIEEITR 6 1077 . BRaEITIEESE R 1 BICo T 25
300~350#fifig & Vb T3, Dic + Rc #A100fffE % v 1 EHE T BB THREWMEEZ1TR O 2HIT
X SDERE50% THDHET. 1,21 TAILERDHD LN Lithkd, ZHX1EEEDL
BESOLERICHEY TS, I AOEBEDREREDL D ORAEITELOER LORAE 1:8M,
1EEE L35 L, RafEHiTETOREHEE P FTRERRIITI00MMEY v 1 /80 Dic + Rc #HIHT 5
BREOHWRHFEL VWO ZLILRD, M8nL, X#HXP VROBEDZDHREITH20 rad 12N T 5.

FEi e L aEsT THETRREMA LOREFMAIIXA, YRICXZ 225 —SHEBROHE20
rad (cGy) 25800 rad(cGy) it L W5 Z Liz# b,

7 BERSHRICE~TETIERBHER

Tonomura & (1983 )* 1T EFREBCBERB OB (HEBEETE D) AR L UHA R 2B,
FAEMY o BRPICHER T DY EEREOEEDOSIT 21T o0z, TOGIRREO—HMEEN LK 7ILR
T, HAERTI Dic+ RciEBER ST, 2071, 30FREEFVPEL 2 DITH Dic OHIRERNP1.70X
107 /488, EDE A THEEMIC LT3 L RT3, Dic OHBEEBOBEMN HRBABIC LI DD &
LT, BRESERICIDHRERREZI0IY VALRETD L, 1 LA (104H) B9 O Dic 0T,
1L.TEATH S &R~ TW5D,

K7 TRERREBHEHEE (Dic, Rc, Fr) ODEAREHREE

o ANE | oFrsiEE | Dic(l00MjE) | Re Fr
2048 13 12,495 9(0.07) 1 11
304t 20 20,322 17(0.08) 1 26
4048 22 21, 560 25(0.12) 1 24
504% 21 18,546 26(0.14) 4 20
6O 20 19, 544 19(0.10) 7 34
mAAE 96 92, 467 96 (0. 10) 14 115
R 23 15, 325 0(0) 0 14

(Tonomura®, 1983%k D)

148



op ERFER D5 D —HIF Iz, HE O T A RRERASEY & B LB VISR S 5. hEEA
S TEBEERTTIX. ZOMIBOERDKMBMY 73k D Dic + Re OHIRMEE % M@ lc BT+ 57
B, K4 OHREOHENMIGEDOT T, RAEFERLEMLLEEKITET o/, TOSFITBW T,
Ba OHEETHRE LS /S h2EBH LIza s Ca—FHHOF— AT — VB A & BEISEE % 5
L. WRZFIC EDETOBEBMBAHEF = v ZHELIRIZLTONBELZ EIF. £z, ST AL— K%
FFTns, £8IcFDFERDO—ER Jiang H. 1993 )Y 2 Rd, EBRMNGHIBEAERTIZ, =y bn—
JAZ HE~BE 6232 Dic + Re O#EE AR,

£8 PEREAMSRBES LU EBBETROBRMIHRICE SHEBRELKRMEMY o/ \Zkp
® Dic + Rc OHBERE

BET | i | M | BRBEHR R/AE) | ST HEBEEL | DictRe/1, 000K
E1 [8 |5 313. 19 1,937 5. 68

F1 |8 |5 443. 55 1,828 6. 02

Gl1 |11 |5 321. 55 2, 000 1. 00

D1 |66 |53 341.94 2, 062 2.91

Al |84 |3 419.71 2,087 3.35

FHy | 73.4 367. 99 1,982.8 3.79£2.08
M1 |70 | B 90. 97 1,829 1. 64

P1 |64 |5 78.51 1,908 1.57

N1 |64 |53 84. 80 2, 010 1.99

P2 |56 | & 67.97 1,889 0

L2 |5 |%& 83. 41 2, 006 1. 00

¥ty | 618 81.13 1,928. 4 1.24£0,78

(Jiang5, 1993&9)

8 #5358

LLEMRATe X 9c, BBEoirEic K OMEBEHERERIT, £7 0 ATV TIERICFM & R 258

o T ODORBEEAT O EIEHECREE 1y PTICEE U TEEORERL, £P (2522 & B8HES
L O RWERE, ANEPRIUEY BPREITH D, EESKECRBIT D2 L5 CEMOE L F—TRETDHZ L33
g LnEBbhd.

e R TR & 2 EADKETEZIT 5 HE. HENERBRED TRIZIGEEMEDOHEER L L TORKE
DIRFIDH DD TR, RVICOERRIEERPRAZRDTND. BRBIRROERBOZEL
HNOROEN Z OEYFHBMBOENEMZ BE L T, BHE, RAOPFRETIIHFARICL D4E
EREOFIEDBE Y AT MEDTD OBIFERFE ZED TN D,

& 30k

1) TAEA (1986): Technical Reports Series No. 260.

2) FH(1993) : Yeatho BN, FAEFERGREL, BEoTHEHR, BAREFESR, pp325-
339, EAELEERALAR.
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Biological Dosimetry by the Radiation Effects on the Skin

Yuko Bessho -
Faculty of Medicine, University of Tokyo
7-3-1, Hongo, Bunko-ku, Tokyo 113 Japan

ABSTRACT

In cases of partial body over-exposure, the dose estimation with personal monitors
or with reconstruction of exposed conditions is often impossible without considerable
error. Clinical signs of irradiated skin, such as epilation or moist desquamation have
been used as the indicators of doses in the radiological accidents, because each sign
has the threshold dose. As hair growth is known to be sensitive to radiation, the
dose-effect relationship of the delay of hair regrowth and the reduction in hair length
of mice after irradiation were examined to investigate if they can be used as biological
dosimeters.

Hairs on the dorsal skin of 290 ICR mice (8 weeks old) were shaved and irradiated
with a Sr-90/Y-90 Bray source in the early anagen and the midanagen stages of the
hair cycle. Skin doses were from 0.5 to 10 Gy.The time of hair regrowth and the hair
length were examined with the scaling loupe.Dose-effect relationship of the delay of hair
regrowth and reduction in hair length were both clearly dose dependent, fitting the L-Q
or L function depending on the stage.Dose estimation functions were derived from the
dose-effect relationship curves.The histological observations suggested that hair growth
retardation caused by irradiation in midanagen might be due to the cell death and the
depression of mitosis in the hair matrix cells.

This dose estimation method was applied to the case who was over-exposed to X-ray
on his hand and fingers.The findings showed that hair regrowth delay was a sensitive
biological dosimeter in the case of partial body over-exposure, which could be applied
as early as a few days after over-exposure. The method was simple and non-invasive

to the exposed patient.



I. [FL®HIC

FFHRIC K DBRIBREAFAE LLBICE, HBETEIR BV, HBRELATRERRY E
WIHET DI LR, IBEFHORERBLIVOTROHEDENLGEETHD., LL, LA LDEH
T, WREIIRBERZHETOILODOEAE=FREAEELTRELY, iz, AAET=F2EELTND
BETYH, MEPRETECEHATERAZBL TV Y, BEEWA L HREEMAER -2 LTS
O, WRIBALOBEOHEITIIRILIZRV, £Z T, HRAIEIERFETREOHEZTLI 5% %
2,

WRBBOHEELE L LTI, UTD2 200K ERD S,

(1) e HE

(2) &Yk

X MR EHTEEE OWREN 2 L TiX, BE, YEELOEBRORNEZESRoCTHRL, HWEBLLMAE
CRBITIREEOWERER L WEFHORAERERICL ESWTHBREOCHELXTY. UL, FiHYH
ERPRBEDOADREIZ S &£ SWTAFE LI HERORREOMBEREGL, HEFHOBHRIIL T LULERT
Wiz, MEOHEMICIIKERBELED.

25PN BREE L SECiE, MBI FEORM MG O MERE DR EE L & B3 EYFERRE
HEBELLTEDTHY, TTREOFELHLIN TS, ZhbDEYEMBEHTEEIX. Fo1/
TAVBEFHEERER, IAT=2TER(TTIN, 1BTEY) 2L, EBOERFICLLERSA
T3, ,

LA L, BEESRFTENCGERIEE LI Gai1cid, MIREEFHEER, MiRFEMNEIC X 5 FiEdEa
THZLERETHD. 22T, KEOHWRBEOHEIZE L TIE, 161 b BIAEORRZBEL T
BEICHERPEEINTND, BE, I, KEERZEDOEEEED, Wbhbdd TLEWRE, 2HA
L TR OHRREOHEN T TR,

I. REEROLENEEZHAR LHERREDIHEEZX

1. BEEROLEVRE LWL SREF TORKMMR

Table 1 Radiation effects on the skin and the threshold dose

Effects . Time of manifestation Threshold dose
after exposure (Gy)
Early erythema a few - 48hours 2
Spontaneous epilation a few - 10 weeks 2
Dry desquamation 3 -6 weeks 15
Late erythema 4 -6 weeks 20
Wet desquamation 4 -6 weeks 20
Alopecia ' 3 weeks 12
Necrosis 10 weeks 30
Atrophy 26 weeks 10
Dilatation of vessels 52 weeks - l0years 10

(This table is made from ICRP Publication 59, 1992)
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BEOERWIRE, BEHRIEER L ORR? O, BEHRIC L 2 HEER LBE L OBFR. ERORRHZE
BB B RITH L V. BERZEICBWTHWD . THEE,. "HERE, R EOHEIX. B
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Q@ HEFEORBESTABENICHS Z L.

HHEHORROBFHRIC L 2YBEAOZBEHEMET. B, Er 105U EOBELHEN, Zhi
REEIROTNWD, MEHEDBEMNEEETD L, EYFRREBOREOHEIT 2ERELNTDHD
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Table 2 EERMICKRFHShTHWIRBIETEIE

B W& MEHHE (Gy) &F
(1) EYYREEAEE
1) BEEORREZLEL 75 30-84 WEREED D
2) I\, AENESR 50LLE
(2) M AEEENTE .
1) HEEORD YIRS T 1-10 WEKEFHES D
2) FEOOEHAHEE < 0.5-5 MEREFED D
3) EEMBEOL I [ 1-2
4) ERMEOREAEE 7 1-2
5) HEEEHEFM O  T¥ 2-10 MEREESD D
6) RIERLSWOTTIVA  TH HMEEREED D
(3) ZfbzEmieiE
1) FERFRMIATT v b 1-2
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(1)XRBRFE

ICRAEFKO~ T A ( 8BS, ) OERMORILIEEZHE L, 1ERHELUA (BREMH) BXOL0R
% (FRESH ) T, °Sr-*° Y(740 MBq, #RESR110:22mSv /sec) D PHEZE B Lz, MEIIFX0.5~
100Gy BEU1~4 Gy DHH T, SFHEH T LICI0~20EF o0~y A 2R Uiz, B LHEER.
REMHICIEREOEE S, EIRETHICERENFEE LRVWREFRHZBIR Uz, RHTE 6 -24F[H
fIRE C. BRETEML & o FRARAL (B ARG ISR RITEANL ) OB OFERYBS L UBFER DI I L OE
BES2ESHEMEBICL VEE - JIE Lz, BEI L O RERL & Fik U7z BRETEML O B4 OB IERH 2 |
"REOHAERIE, L, ERFALATHRICBT D, MREAL L HE LIEREBEIOGEOR S DET
(£) %, "HEET, &Ll
(2)E=BER

EFIEOEEOBFAEBLEOHRENREMGZ Fig2 IR . REOHABLEITREICLAIL THEINLT
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Hote. REFHOBREDRERICIEL, —KAPEE L.

FRC, REMHOEEOMERTOREMDRESR 2 Fig3 17T, FEOMERT b HAERIE & Rk
CREICHFIL THEML TR Y, REMRERICEZRAPICHEE Lz, BRES U THEEEFPRDDL
NDFRNREIT 4 Gy ThoT. BETHOREDRBAR/ITIT—KANBEE LT,

HREOFERBEL LUREETOREBDRBER/ICEETIBERREZELDTRT L, UTOLEBY TH
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Fig.2 Dose-effect relationship for delay of hair regrowth in the early anagen stage of the hair cycle
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Fig.3 Dose-effect relationship for reduction in hair length in the early anagen stage
of the hair cycle
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Fig.4 Dose-estimation curve from delay of hair regrowth
(with 95% confidence interval)
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Fig.5 Dose-estimation curve from reduction in hair length at 7 days after regrowth
(with 95% confidence interval)
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BEITREICHS L Tz, pycnotic index X BB #% 2 BEEICIZ T TICHER L, 6RMRICY— 2 EZR
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Fig.6 Growth of hand hair after exposure
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Decontamination of Radionuclides in Food

Yoichiro Ohmomo
Institute for Environmental Sciences

1.7, Ienomae, Obuchi, Rokkasho-mura, Kamikita-gun, Aomori, 039-32 Japan

ABSTRACT - The release of radionuclides arising from the Chernobyle accident led to
widespread contamination of the northern hemisphere through fallout. This accident
provided again an opportunity to investigate how and to what extent the radionuclides
contamination in crops and animal derived foods could be reduced. The following topics
are included in this paper.

(1) How to reduce the transfer of radiostrontium and /or cesium from soil to crops:
A pH increase of soil is effective for reducing their plant uptake.

(2) How to reduce the transfer of radiocesium to animal derived foods:
Ammonium-ferric-cyanoferrate (AFCF) should be the most effective compound for
radiocesium excretion in the feces. Experiments with lactating cows and /or poultry
gave extremely good results with respect to low radiocesium concentrations in milk,
meat and eggs.

(3) Removal coefficients of radiostrontium, cesium and iodine from contaminated leaf
vegetables and cereals during food processing and culinary preparation: Though different
by species, more than 80 % of cesium and about 50 % of strontium and iodine can be
removed during culinary preparation of washing and boiling.

(4) Simultaneous decontamination of radiocesium and iodine from drinking water and
liquid milk: Metal ferrocyanide-anion exchange resin, specifcally Fe ferrocyanide one,
was successfully used for a rapid and simple decontamination of radiocesium and iodine
in the liquid samples arising from the Chernobyle accident.

(5) Removal of radiocesium from meat: The meat structurally contaminated with
radiocesium is easily and very successfully decontaminated by pickling in NaCl solution

and the decontamination is much speeded up by freezing meat before pickling.
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Fig.1 Relative yields of corn plants for the different treatment®
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Fig.2 Relative concentions of heavy metals in corn plants for the different treatment®

Figl X0, BELTETHE LLRONEL, HROZNIZSON, HFRILEP 7. BELEV (K
TRAETE) TRECHROCHEONELZRL TS, £ Fig2 XV, BEIEIZIIFEL, »win

164



LEATERRICRIRER DD EE2RLTWS, Zn, CdKRUPb T, BALEVONV>I >, Cu Tit
V> I >NV>UDIEIZ G ~DBITIRBIALIR B KR E o7z, RRXICIE, EEBRTZOLEFIZBITS
FERRE LRI - BITE L ORI DWW TR 6N TND 23, Kb L EFEEVOLRZVDOT, £
OEZITEET S, Fwme LTRKEMT X 5 pH EH &, iz X 3 CEC o4 bes, +
BPCHFETIERBOILKR LEEILZREL, EY~DOBITE, OV TIEAKR~DOBITEE IR
Lk _RTND,

F#Eic 10 pH _EFIZ, °Sr % Cs O £80 5 BIEY ~OBITEBILITEL D,

A :0~5 cm soil layer grassland
02| FANPIN S soil layer forest clearing
B . 5~10 cm soil layer grassland
. o: # soil layer forest clearing
o

-~ 1
e 10 oA
- o
g
@
ol
0
-
Yy
9 g0
g 100
v
@
W
g
¥
£

107 -

10 ~2 1 j i i ) 1 1

pH of soil

Fig.3 Transfer coefficients in grassland and forest clearing in relation to the pH-value of the
O~5-and 5~10-cm soil layers®
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2. FAHH,SEEDNOBITERLS

Fx /) TAVRTFIFERPREL 20, SERRKFEOEVECKHEETIZ, SEY~DOBITERIL
SMEOEEMPBUORHMEIND LR o, F=v/ 74 VRFFERIRNC S, BERIC L 2BER
FHEVEYE X oz, T v MERAW60BIR BB RSN fTOh TS, T bid, 7=rn 7T
ANk HNWTZERENV A PERAWEZERIC2ZKBITES,

Txu T ALSKIREIELEOF T Cs LEAL T, ¥ Cs OWERNZMAEI L., Zh2EPicHE
SHBIREF D, W Cs bR LT zu T L, ERiCEBEE Nz L, BRI L LTELRT
b BERLBEMICRBEIRE NS Z &3,

Tz T AL, ANV T A BASTR, =y VSR Cs QLB RIBINFIF & L TR ST
W5, Muller”td, REHEDO 7 = u v 7 kg Fesa(Fe(CN)els) £V, aamA BROFIATT T —
(KFe Il (Fe I (CN)s) ) D BHELEROBEMEEY U AOBRBIIIEHNTHDLIZ L2HELTVD,
TNy T T A—DREOEFERE LTI MFe Il (Fe I (CN)e) #8& 2 b1, MICHEE TR EL
T, Li,Na, K, Cs BRI NHBEZO6ND, ZOFTNHsFell (Fe I (CN)e) (LLF AFCF) 8% %
TR TWAD,

FaeV)TAVERE, T—AMTVTERNAYTE K 472 EICAFCF 2&51L T, BLILVY
~DOBATRIEBIL T 2 ERB3 T Rbh,

FOFER%Z Table 1~41Zmrd. BPHLPDLLICARING ~DBITHE 80 %~ 97 % b{EHI S
nd,

Table 1 Radiocesium-intake, AFCF-doses and Reduction Efficacy in Cows”

Daily radio—Cs | AFCF-dose/day | Cs-reduction | Nurber of Nurber of
intake {g/d) efficacy in %| tested animals| controls
( Ba/d )
80, 000 3 80 in milk 3 1
75 in meat
50, 000 3 80 inmilk 10 10

Table 2 Radiocesium-intake, AFCF-doses and Reduction Efficacy in Caives”

Daily radio-Cs |AFCF-dose/day, Cs-reduction |Number of Number of
i(ntjk§a {g/d) efficacy in % | tested animals| controls
Ba/d

1,300 - 2,900 2 0.8 - 91.2 2 3
in haunch

91.2 - 92.9
in back muscles

.0 -%.4
in the heart

9.6 - 96.8
in the liver
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Table 3 Radiocesium-intake, AFCF-doses and Reduction Efficacy in Pigs”

Daily radio—Cs | AFCF-dose/day | Cs~reduction Nurber of Nurber of
intake {g/d) efficacy in % tested animals | controls
(Ba/d)

1,800 2 88.8 in ham 2 2
89.9 in cutlet
88.5 in abdomen |

Table 4 Radiocesium-intake, AFCF-doses and Reduction Efficacy in Sheep”

Daily radio—Cs | AFCF-dose/day | Cs-reduction Number of Number of

intake {g/d) efficacy in% | tested animals | controls
(Ba/d)

7,800 - 7,900 2 81.5 15 15
in skeletal
muscles

89.4
in the liver

89.7
in the kidney

Ny R F A MIIMOERBEPORER E LTHELNTE, LALEOY CsERIEFIRIT1IR1EH
2 ¥ 100~500 g %5 T20~50% R ETH 5.

Voigt 5%, EIVRADIZhEY CRBOT v 57—, F=2N/ T4 Y RFFERTHELESNICHE
PHFRBELEFERLVy P ERULSBERENTNEZRI~ RS L, FARIC AFCF 2BE 028 (KR
WA, E, ALY )CBETEA, TESRVY MZEERDY Cs ZARF L HOUEITHEL,
INERICESENEY Cs IERBEBIICHNET S DT, bioavailability i/ D™ Cs O FBE W EZE
oD,

BT Cs OEHRADEY B HEMRT, EERECBVW T, SEHETRAEREDTLE 4% Tho72h,
AFCF 0.66 g/ kg feed 58 T, " Cs 2FERVy P THEZTRHIB0x: 1 %iT EH L, hEELT
EZ 7rBCI1386E 2 %IZ ER Lz, BEUERB ER LIz WD Z &id, IRPA~OBITHED LIz Z L &R
w1 T35, bioavailability D&\ Cs 54 AFCF iz X 2 BEMR 235 <, TINIFHEIZIERS K E V.

3. F|E - MICEBRE

FONAEERITRE, 1E29NABIZEEND?Sr % Cs O—HiE, 2T 5. FiTtiE®
BTohd, ZOGHE, THEVNIREREICIDREL N IBAH BRI LD,
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Table 5 Removal rate of °°Sr from vegetables by pickling in NaCl solution*?

Sr-90 -
o Sr-90 Ca B
& 3 oCike| S | glke |gamy| — ERE
H£121.37 | 57.30 | 0.37
=g = —| 74.8
| 5.38 | 11.20 | 0.48 S%NaCIBE
4| 4657 | 83.17 | 0.56 1223boilgd
B BT — " 17.4
1 Bl 38.47 | 72.51 | 0.53
= w1 622 | 27.04 | 0.23
BT 23.8
. | 474 | 2061 | 0.23 .
1 854 | 3713 | 0.23 NAEE
L |ERO0 64.7
2 | 278 | 13.24 | 0.21

M) EERALETOR, EREBNOMBR[EZTOTETHRECLERBELE,
@ BREZBALEZEBOE, BHROBHISREEDEEETDE.
B REDCall*tNZETLETDE. BALERIEPDCaCBRT DEER
ENE.
@) su&lx
VSrOEPRTOBHEEEENICTMTHEE, CacDILTEZIDEEY
BIEHBU, LESDT, BEYVEREWEEDOISHBE (DC) #1880
CallWgdLE L TRT L ENHD. COBOEANOYFIL - AT v~
(Strontium Unit) &Y, su.&ied,. 1s.uld, 1pCi¥Sr/8CaTdh .
(BAEEE | TREEWEL, 018, b7, AE, 1976.)
B ROEER
BHZE=(NSridE (£) -WSr@E 5 ) /OSrEmE () X100
E) CNSrEE (R)  BREBICIRBERES OEROBEDIC
BELTVWRNSrRE

L ENAREET | SBOREVEERENRMERRIIVERE,
62-63, (1967.)
) K@ FRERRRELSVTRHBENE "ERR, LHET<

MRS D EE LD, SRS RET ORRWRIBEN TH D, FICEERAILETLSZA
Hit. I wEOD accumulator TH b, ZTDZASE, BICKICISDBRER L TRIZT T, pRVELE
DI YFERKRFICEHLTL b, ZASKFIZERTIE, KZBTLWIRET, RShickoicR
230, DLAFASNDIORELIHOFTHD, 20X I 2HFE. BRL W AR AET TS, F
k. MTHEMOESICI Y. FIF10%FAEND, ZOBE b IASEDOBE LEE Bl W) HE
HHTEESRY, RERZRETIBAGCIZIORCHEETILERDD. RIROFRY L U EOHE
BRLR, HLEEOBEAICE, NF—~DOBITR, F—A~OBTRLEVI BREEAWCHIREEELRLT
WBEES, MEE DD EMCINT TS EETHAINZWESS, EDX S ICLEINDDPH LR
BEAI, RENBIPRHITE S, RAOHAIIEFTER, 22 TEAEHFEZFICEHNLRWT,
BMTIC XA ELTEBRDZ LT LTV,

(1) RoOKAIZLDEL

FAR 5%, KRRt Sr, Mn, Cs, Co RO Zn ZFFRIE S & T LIz ZkE v, FBREICRE
AHIRMEESEOEL R, FOBRICINE, BEEIO~15%DE ZATHETS L, Srk
Mn HH920% L KICE SR, B BT E80%MEshD, Cs ZT0%HBkrESNDS, B
BREOERFORFEIP—ETITRL, SrCs BRPOESREL TNDIZ EZRLTWSD,

(2) BEOWREE. FEIZL IR
Table 5 & Table 6 |2 B 3ERE OB LBRERIEIC L 5% St OB RER LI,

i
=1
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Table 6 Removal rate of **Sr from vegetables by pickling in NaCl and/or CH3COOH
solutions(continued)

V Sr-90 -
= Sr-90 Ca BRare
o 2 |pcike| SY | glke 2&9)@%% ERE
= #1340 | 30.91 | 0.9
~ T K~ 2.8
_ x| 2.66 | 38.00 | 0.07 19%NaClaaEe
% =R
£ 8.29 | 31.90 | 0.2 NDRR
E—9 10.3
R’ B | 7.45 | 28.65 | 0.26
= #1597 | 14.90 | 0.40
ER 2.8 v
| 4.45 | 14.80 | 0.30 0.259CH3COOH
4 BE
w1 774 | 14.90 | 0.5 155BE
el T 2 59.5
e | 310 | 9.39 | 0.33

F () ECREALZDORE, ERIBRODEREEFOZTETHERCLUTBELE,
2 BRERALEDODR, BHROBFCTRBFDRIEET DR,
B RBEOCalZ*EMZETLESDR. EBLEEEPOCaICHETDIEIER
ENE,.
@ su&lk
VSroEMRTOBHEEERNCETIDEE, CasDULETEZIZEEY
BIENBV, LEHFDT, REVEDEDESDOUSHEE (DC) =180
CalluWI DL EL TR ZESB D, COBNEANDOVFOL - 1wk
(Strontium Unit) &Y, su.&2d. 1suld, 1pCillSr/gCaTs 2.
(BRceER | THREEWEL D18, pl117, RE, 1976.)
B WOEEEE
ﬁQ)E:E‘%OSF;RIﬁ (&) ~90sr@E BR) ) /0SrEE (%£) X100
F) COSrRE BR)  BESRCKRBEFREESOSROBEDIC
EELTWLWRNSHEE

b EAAREET | EIOMAREREMRRRFEIIVERE,
62-63, (1967.) '
£) B, FRNERRACH\CRGSNE (ERE, 25ET<

Table 7 Removal rate of fallout radionuclides from spinach leaves by washing with running
11)

waiter
EHZIE 25fd (%) 109 (%)
20520y 20 - 35
e s5 | 70 |
[ eRu | 30 | 40 |
[ ozr—sNb | 30 | 45 |
[ ves | 65 | 80 |

W & BE F ERREORSTESRORE, AREERTTERE 12:1(1963)
FLESERTL, RRMTL, ELERMTL, BORICREZEVBRD LN TS, LWRLEY
i RV UEREIZ O WICHRAMEETEOKEIZ L SRR E2R AT, £ORREE Table? 1oR$. ¥ Cs
DRERPENZ ENDPDE, EALNI/IRFELFRY L UERY Cs RO Sr & Te/kEhiE TR L.
BoONEREY "BEL) 20K 2EFETLELZEZ A, ¥ Cs T2V TIRIFIFIN%, % SrizonT
RBLENNPBRESNEZLEZRELTND, SARLIE, AU L UVERZ 2B TRLER, Zn b
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CallbzvirEshihortd, KXNadXIRTAVHIYE&BIL. S0%BEHOFEBFTTIZ L%
CHELTWS, SridCabRBOTAN ) TESBTRTH D, Ca BHEMEOFHMARIC LEHZE <
SALTRY, ERHOMBLETE, FHCBTLIEZCWIErD, St bBIERL LS 2%EHE LD
boLEZOND, —HFKRCsDXORT V0 &R, EYEOBBIIFHLTCNDDT, REL
WM LTKBIRTETD & BHOF BT LTS DD TRARAVWP LR S TS, ERLPIE, T2
ROCHs I BE U, 2EFBAELES VLAV IVESE, TE2EBBRNSELLRYVUVEEZMEEL, B
BLEDOL olc&Z A, CHal EmILE & TRBREBKRY L U EOHEIZ0~70%kE Sl pd, Lib
ERTLVUVETIER, BIEORBRE LUPRRETE P oI EE2HBELTWAS, Hungate 513 ER=
THARTHEASYE, EEMESELIVRIBRELIZSWDS, 74—V FTHRELZIVRITRRELE
Mol biBRTND, 74—V RTUE LI UVRPHBABRE LS WOITRFRTHEELTNEHT
v EHRIEN S, RMUKREI VRTH, LERERLVAERAIZILE 2T, BRRERERD Z
EERLTWS,

(3) FHoMITickd%1k

NI OFAE

AP 2ROBE L TELNELEAN, N —%BE LS, NEA—ZBITLE® 1, 0~
T% (FH2%)RETHoTe, Lirxy b (EILEESR) BEWE. INEBANCLS2ABEASELRE
BEORY 7 o VERRIC L DAEADBMEDSBICE VAERELSBL, BERESCBTT I I 0OBITE
BRE L, SBBRICEVEH T ERDNB, BALBITTHOREEDOBLE20% THoTc, LRy b
FHEMLUCEESEBEEROBEY 20— RE W, BEOESERT— LR, ZOh— &L
DIz, B ESRIZLDORF—ZAThHD, H-T, BABESICBITLEP IR, 2F0BLZF20%TH-
e ZliE, FREBITION. £ED20%FEND Z Liied, LrL, P IOHER, Bk
iz decay out LTLEH DT, WEKEBMEMBEIC/L D Z LTk, RBFRZ—2iX80%5FD™ 1
BEDD, ZHUTETZOF KB E DM EHEDLILD

ii)? Sr DA

Bz bL—H— & UTHEE Si(®* SiCle) 2L, —BREEHR. XF—LF—A2@E2HEL
Tro NEZ =3, FHZ30CITME L, EOD8E (2,000,495 T204H ) LTZ ) —2o%2588, KO
B LTIEE Y T2 L, UEBOPEE Y BIRRONAZ—IN s OFIEPREL I BPEHETEHERS, &
OHREM DTz E Y, BIbAZ—28177 5% Sr i3 ThidoTlz,

F—RF T =TI T DT PF =R ONTHSr OBITE2 LT, T—F 4 T7OF -1, v
% v b (streptcoccus lactis & Streptcoccus cremoris) FE F CEBEIETHELNDI I — FE b &gl
EENT, —HATVF—RT, HBOL O RBERMLTELNII— FebitiEshiz, &R
HEA VBBEET D A=A, LRy MNEREZBER TR Z L5, AbEER Ca BiEET
BEheb TORETHDIOIEXL, BEBETIXICaBvES v 2bBind, Ca bk SridRU L 5 eZg)
BT Eld, T—FIA FOF =TI Sr OFJ4E% BT LI, H T VF—Xid, bF»r2%L
MEIT LT,

iii)**" Cs DA

OSr DBE ERBRICNE — L F—X2BA~DOBIT 2RIz, LD LAF—IZIEEED0.5%, F— R
W& A THEERD 2 %BELPBIT LRI T
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DBz X SICRAN DI, NF—, F—X, IS  alcnlBRREEENS, NF—
BLUEDBONZ —3INs, F—IXBEOBEDO R~ L, P OTEHBMEC Pt 0, HET
X5 A E100% e b a2 A TRHE LTRSS X 51X oTnd, fEoT, EEE "BEL, 1cL
TEREDEN LTI ERY, RELWOIBERDLTUIELR,

4. HEEBHIREE

BBFCEENDBSESEE, BRCRBMEZ A ETICHBICRET L Z Li3BHTorL
W ZZTR2OOFERBMLTRL,

1) REKRE OHF 2D DERY

EF 50X, Metal Ferrocyanide-Anion Exchange Resin V>, BKEIK EEH1 D, BEMET &
BHE Cs 2 FMRFIZBRET S Z LzElilc, ERWEREEL > Amberlite IRA -9042U 5 Cl ZYiz,
0.5M @ potassium ferrocynide IEE =B L TT7 = v ¥ 7 VEZEZ TR E, IM 0&BHELY (CuClz,
2H20, FeCls- 6H20 Wz NiCle - 6H20) ZEHSE T, 7= 7T UMb, 7= v 7 8RO
Txzui T uAbs y FAEA T AR R LT,

BT Cs RO T ZoKkiEK, MABIOFIICEML, —ERMKE Lizd L EBRICHE L, BRIYEBE
i, BT AELENYFETITolk,. Ny FETR 7= 7 L e¥l.5g( S%RER) 2 RI 25 TeksE
1000mlcinz, |ES Lk, WTLETIE, 72ud 7 Ui 2~3 g#ERL1 cm DI T L2,
KEES00 ml Z¥f#EIOml /2 TH# L7z, ”2BI VROEEM & LTHWHILD charcoal bERICHEL
7o Zxuy T AL v FIVEEA A UREBBEE WL TR, Sy FHEIc kY, 7 Cs 099%55 03T

3 A
SFEDT7 =z u LT L ALYEA A R HBE & charcoal ZHWT, BEKBLIUOHEALFTOP L BLW

10" DRGNSy FETIT o L ERFER T Fig7 8L U Fig8 TR 7.

v T ¥ v v v v
100} D —-1 .
&8
=
k=
@ 125~ _
550 | R 12510, R
(23
e
[+
£ &
0 i s 7 1 1 LD @ 8- k3 G-
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(1) Tap water

Fig.7 Adsorption of '?°1-and '%°103-on “metal ferrocyanide-resins” from tap water
by batch method1”

Adsorbent 0.5g, Tap water:100ml

O : (FeFC)R, O : (NiFC)R, A :(CuFC)R, @ : charcoal
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Fig.8 Adsorption of **1-and '?°103-on “metal ferrocyanide-resins” from milk
by batch method'”

Adsorbent:0,5g, Milk:100ml

O : (FeFC)R, O : (NIFC)R, A : (CuFC)R, @ : charcoal

charcoal DRYEZNRITFED TERP o7z, BBIKRDOB I, 7 = v U7 AL8RA 4 R HMIE TIE
E100%BEL S 5, P10 DPAL. Tz T ANOBRICE>To e, T=u LT ALsT
IIEIEN0%BRETEDIN, MDOT7 w7 ALYRA 4 UBIETI, KL<, LrbIRE SEEMBEL RS
ERIIE~DORAERMET T HHESBFTD bz,

£Y OB L ROPI057 I oW T, 3EEOT7 = n V7 LA & VBl b, S LA YR
CHEM %2R L, R E S REEI30% T80~85% A3krE S 47z,

AEAEIC X DI OFENEEITIIFICHIL DB RIZTED bR o7,

ii) A% B DYy

Wahl 51, 19864EiC, 1.7M ORIk £29.7mM © KNOs&2 ETekiEiic, ERLTEDN1/81C
WYHY Cs i5Ym%E 1 AMBL TR L, " Cs R4 ITH - T, BRKANTITIHIBED 5 %K
FCEOLTIENRTEDIZ L 2ME L, REAKTAHAEZHELTORUERICRDB, FOBEEDE LTI
B Cs BA-TWBHDT, BAICIZES 20,
~ Franic 5%, ZOmRAICHBE I, BREOHMEREZIINDIFELZOVWTHRITLE, 51 LDHHA
EEHAELCRE, fEL T4~ 5 RFHEEEKLE (10%BHEKOAE ) 357210 T, 90~95% D™ Cs 2%
WTED LWV,

i, REERETD EMBEIEIPVEN., ADCsAFé NaAf A4 v ORBRIEPEEIND
DTIRRNWNEBZOND, ZOREIC LD EEKOERKERFEN RSB ONTIERFEA T
2N,

BhYlz
B RP O EREORYET., FHE o MTIck3b0 L, BBABRLED 2 IkBlE5E, Ll

FOEFILTLUOHAETIIRY, LA XRAOREKLEREIZOFTH D, BTFESEEHLMT A
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Restrictions on Food and Drinking Water Relevant to Internal

Doses Assessment

Hideo Sugiyama
Department of Radiological Health, The Institute of Public Health
6-1, Shirvokanedai, 4-chome, Minato-ku, Tokyo, 108 Japan.

ABSTRACT - After the Chernobyl accident in April 1986 it became clear that the guidelines
on the management of the consequence of a nuclear accident was needed for action
over long time scales and for dealing with the widespread radioactive contamination
that affected many countries at distances far from the accident site. One of the major
difficuties in area away from the site of a nuclear accident concerns decisions on the
safety of contaminated food and drinking water. International organizations, ICRP, IAEA,
WHO and several other organizations, have considered it appropriate to develop
guidelines to assist national authorities in making decisions on the control of food in
the event of widespread contamination by radionuclides in a radiological emergency.
These guidelines and the recommendation for intervention in food and drinking water
by WHO, ICRP and CEC are summarized, and the considerations and the problems

to adopt the guidelines are proposed.
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BRI OHAGSN D BKEYB LIV EOMIEROBRBPHLEIND, ZHLORKBIZL ) —BA
R BRBEREZETIRBENOHDHEIT. HWREBILOTLOONAEELZ LD ERLEL &N,
KHADOKE S, HEMSA, HMERE, KBELRUEREEZZRLILLET, NALULE ERBIUO TR
DEHFELVNINVOBICRETDSIZ L E L, BHKOEEDIDIC 1 FROHEEREL LT, ERL~ULE0
mSv BLOTFR L5 mSv 2R LT,

UL, 198644 H26H, BYEF =)V /74 VRFAREFTRE LLEKIT, KEOKFEEL
MR O L WNGE TERICOE VR Lie, 207k, BYRSNIEE L 2RI OV T DKL #H
CERFETE OGN, TOXINEEFEEZ EDD, L<IL, BRROBEBICOWTIREERNDORZ H$
EREBICOWTHBES LRSI ER SNz, ZTNORBEICEEL T, EE21 TREZRIFT X
5 IR RIS R BRI ARIGEE, S HITITAROBEH#EOZH O FAI & EEICE L CEBAH
FA{EETHIZODEHE2ERT I LEESE# SN, ICRP . EBFRTFH#E JAEA) H 5 Wit 42
M (WHO) 2 It L 0 BB ahTE,

ZITE BT Fa TV EREER EERCLYVERISNTWIMARROKFEREICD
WT, ZORBEBIUVEREZET,. £72, ICRPHDH5WI WHO 2 POEB#EICLY, =074
VEHBOEREEEESEATAELRRIN, BEFERRINZHECREOF N OBEFIZRBITIHK
BYEREBICETAINELEN L, BARBLTOBRBEIZDWTIRTRT S, 61T, BE~DHEEW
FEENG, Fx v/ T4 VERLUE FEEHOPTOEAEE Y Y ABEOEMERMBRBDLNDLF
) e oNT, B LALR X OB I AR E T

2 BARROBITHERE

2. 1 MESIERERE~ORE

198645 4 A268B. BYEDF =)V 74 )V RFARBEHR TERBRELELTLOE, PRETHFRICLD
A RETE YD v, 5 A 4 RITIIMA B RARB LT, BERICB T 2 BERER O—E okt
BIREENT, TO%., BHABICLVIBRSNICMARRBICET IR ARPHEE L2y, EEET
i, 5A8EMDL GM I —_A A—F I XD BR MM LIcH, SRERFEBERMLOMA DR EE
EEBL. WAROHFEREOHMEEOREEZBE L LT,

2. 2 BABRRPOBRGEEEEREDRE

198645 A, BAEK, "BRPOKRNEICET MRS, PRESN. MARROBIUC L D HER
2%, ICRP O774%£h% (Publication 26; 1977 )2z & % A S DEA DB EIRE DEM B 72 ¥ 500mrem D
3HOILUTEEVE TS Z L 2EREMEICT X, 19864E10A31AIZ, ¥ Cs £ Cs A FT370Bq /
kgt WOBEREMEZRE L. BERCDIzo T, BRBEOLPEICRT 2R TYOREEEL
BILOHENEOTF— 2 2 £ICBHPOMNMEBEOFEEILZHEL, ANEBR~ORSREPEL LR
BV Cg L1 Cs DAENKIB6%. % Sr 8833%. EDOMDIEKNERIEN 1 U T Tholz, Zhk
v, BELOFEE LR L2 LT, HEREIRX Cs L™ Cs OUHERELZNSE L Uiz, £z, RE
BERO—2: LT, BRIALIBDZY OBMMEREILSEDDMARLDOEIED 5 b, ERINHIEL OIEE
MABEDS %LU T THINLLEEEETS E1E, 2MARRKOEETHDIB% 2Rz, BMARHD
FURBEEERER, DUTIRESHWCEES N, BINERGEZES (CEC) DY ERE Th 5 I RE 370
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Bq /kg. —#&A&H600 Bq /keB L UCKEOE EHLEMTHH3T0Bq /ke b BIE L TRES L. ¥
5.4 X 107° (mrem / pCi) X 1.4(kg/ d) % 35(%) X A(pCi /kg) X 365(d)
= 500(mrem /y) X 1/3 X 66(%)
A £ 11339(pCi /kg )
= 421.4(Bq /kg)

ZTokE, 54 %107 (mrem / pCi):™®* Cs +¥"Cs(** Cs /¥ Cs k£ ;0.5) £ LT, 1pCiROERL
L EOEFIHTOIRERERE. 1.4(ke/ :EBRIALIBDIZYORLERE (EALEHFHE). 35
(%): & HEREI 5D 32 ARLOEE,. 500 (mrem /y): £HITTHHEERE, 1/3: BARRID
DOEBRDERLE, 66 (%):"** Cs +%" Cs LI L 2BEFHEOEIE, L LT,

2. 3 MEBEEEREOETE

BT ERELZHRE L 1 FHOINTELLA, BIE TR, EREOBHMEZITo/. Z OHFFHE
F UTOEHEIZESS DOTHY, HRELLTIESROEEREOZLENTME N, TOEHALLT
i, OICRP /%) 5= (19854 ) I2 &L W, RROEYRELYEMRED 1 Fi2-o& ImSv HRBL &,
THICESX89E 4 A b ENDKRFRESHILBEDERESTFES N, QINE TORFERED
HEIV, BRTOEBRETAREMHEEEOEELPHALN o7, QFEHEZOFEREE LY, &

BT _REHARSIZERMNHMIBREIZREL TINWI EREThol, 22T, BMHEI O DBMAZRD
ETHREERECHNERE THRINTWILRELZLEDOERICL2EHEYHFELER
(mmﬁv&%mén‘ﬁ%@%m@%@?%KRP@@%@(M%@)f%émﬁv%+ﬁT@é\&w
fEamlcE Lz,

2. 4 HMEEREASEBERE

HURTEMAE RS L REER T O VN TE, D19864E 5 A b DOEREE, @19864E11H 26 DO ERE R
Et, Q19874 1 A7 b OEKEMHOIERE. @1914E 9 A b OBER S5, Eof/b, ®19934 1 A
SOBRERNEOFHENLD 5 >OEBICK G S5,

D19864E 5 AN S DEHEZIZB VT, BYE, =7 K2 E160E. 5B8RHICZO>VT GM
P A —F B FNT 9D ETORERT TRESBIB ST,

@I986EILA M OEEMEBRERIZBN T, SPMOBRERTYEALY VFL—vay - F—~g
A= EBE=F ) I BERSN, BROFTEEOD D BMIZONTIR, ESZEHERRATT Ge $E
Rz Z AW EESTICE VHEZIT o T2,

@197 1A 9B, M ahboiiA~—E LT v V25 520Bq /ked LU 980Bq /ke St &, LU
%, BEOBRPOERERAERSNZ. 20D, ERLHBICOVWTIREKMIEEZ, /-, BERE
g LEC o TiRaEhadg L LT, MERRIOREAR G, BEARKEDEE T 5B
LTOBRELHB S, 198845 Aitid, FER 5 PFTOMRERIC Nal & Ge X EEBHEBENHRE X
o, BAHIE DS ATRE R AR S B S Tz,

@19914FE 9 A, BEREMEZBADZBRBOBAZ OV HBENEREREMIBEIND L O
Enb, vy MEEOHRIZH > HEICEREND 9BRENLI0%E=F ) VBT L, £=4 )
VIRBERZOTA DL 6 BEBERBKRINI,
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©19934F 1 AISEM 613, HEBMEVHRERELZTTARIL. ~N—7. /3, N IS ARE—E
KRESNDZ &, £l 20 b 28T 2N 0% ERICITHAEREDENEA BN R 2 ->T
RTWDHZEPh, HEORMBELLET, ELRAMKCEZ L 2BRENRORFOREL T, UTFO
FREAFOS &, MEFICE VREBERE TS,

(@) BFRERUHEML&G (KREEZ2ERF /a2, "—T7H)BIO D) M1 ARER v MEE
©FFE, DBEBIV () v—7=XRF10%E=FY T ‘

2B, 19926 8 A E TORBREMEIZTH 3 THEZBL, BRAMITIVIEIADI v 7 ARNSL AL
BIIERESNTROT, R1IWRTISICEOREIISMETHD, »

R1 BREREEREZEABWARKORNR (E£H)

Numbers of foodstuffs containing radioactive level exceeding the interium derived
intervention level decided to be 370Bq/kg (as '**Cs+'%‘Cs) and inspected by Ministry
of Haelth and Welfare in Japan.

370Bg/kegr &8I & B &K
by & —T

1987 1988 1989 1990 1991 1992~

N—=FIWF v 2

& B 1

|~ B G - 1

5 1 I 1

E — R O fE 1

By <¢hEa—L 1

7 - % v F 1

FA4AIY-hAa® -2} 1

A=Y htwyAa®-%t 3

¥ — 7 = F 2 1 1

A B B o 2 5 1

+ - 4 7 2

N — 7 2 4

k= A S 2} 2

N = T F 4 - 3 2 2

* Y a 6 2 1

I WY RARANA R 1

& &t 30 16 4 2 2 0

i AR G DB AR E R EE 370Bq /keld, F v/ T4V RBERIZ L D HBHEFRAELICER SN
TWAHH, RIC, 3k, BHEREBRELPBURELE LIHEICE, Flc 2T EREMBOBIALEIZRD
THAH9,

3 RENCHEITHHREYOERHIR

—EEHEDIES &L EANDRE—

3. 1 ICRPDI9NEENE LBMHBRRERIIBITILRDLED- DD Afsdt

TSR DR AN 2% 2 J5 % R~ ICRP TTREIESBET S . 90FE)E & LT ICRP Publ.60 23FI4T -
ENZD, ETEOALE A-OE., BEOENICIVERENL TV, ZTORHAR I UHNAITHR
WEIZRBH Y . BARECETIEMETRVERILE, BRFEDFE- T, BB OWTHS R MR
BOCEE-TW RV, AT, BERLWIEEIZEL T, KEE THIICRTR SRR # G
RTHINACETIERNRBHEZBNTHILELED D,

T, KEBEEEOBROARKDOHEIZONT, ZOFHEDLDDRAEZRS, MAVIIZONTEER
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#fE$t Zx L7 ICRP Publ40 #3gkET &4, 1993 4, ICRP Publ63 & LCRIfTE N, Z DFE#HI,
T TIZ0FENE DA (223 ) IZRBW T, Publdd i3, BB LU RECHMOEBIZIBESINT
W E LT, $NTORMBEZ AT DEMOESH ZTITT DEEBHLNICENIZ LD THY . NMAIHE
L CREM»OFEMRRA E M A VSV BIRRER TN D,

ICRP 1990 #)% (ICRP Pub.60)

ICRP D90FEE)E Tk, HMUFTHRIFEAERICE L TIdfT5 (Practice) . 7R HAICHT DR ZHIN S
3 AMBEE &M A (Intervention) . T7R20HB AWK TIWBEELRD S5 AMER, ©020%28FcL
TRV, BSHREOERMAEL & LT, BFHWE 0 TR<ESBEFT L ED DI DL LT3,
FTRWCET OB REGERIT, THOESL, BEOREL, BAOKHEREDCFANCESILOTH
D, Flz, AARBELTE, MARELVDROFBERENLD, BIV, NMAOPL, HE, HEIT
EROERERALTE L5010, BELSNERETHE - L BBESNTND, SEERIC>NTI.
TR EIC D DBRBEDOHCR LT, HROBEDOFRRIEIZOWTHEH L TRY . HHFRG#EGEROFIC
FIE S THRWERIE, TR0 bEHROFEBOKINWICE D DN BRBFRE bEAANL TS, &
R~DHREBRETHD 1FMBIZY ImSv id, TEABFEENTCWIRECHEATI2LOTHY ., BRIE
BDHESN THRNBEREC DLW TREA IR, NARLIBEEESLELRY IR ELT
i, ERIZBTE T FURRE0BRRICEET S BHAEOERBY R H D23, b OREITERMARMEVT
WHLDELT, BEROHBEEZLEL LTWRY, FHBIUBESROMBEIZONTIE, AROBHED
TEHDRA BT O BEEBROHBR DS, SHIC, BERFEE LT, LEREBICNTINMAY
ANERTDZ L, BENRFIEOLELBAALVSNVCESSFENA VSN ZRELTEL 2 LBEE
INTWD, &Lz, BRIz WL, BRESEZALEICHIRT D Z & 28T 572dic, BlREET
FENALVINLEANDZ L, T2, ZOLVUUE, LORFIZBITBIAA LIV EB—THDILEDR
WZ EBREFAIN TN,

BEHRRSRHFICBIT B DRDOIFEDT=HD I Afest (ICRP Pub. 63)

ICRP Publ.63 iZ. “Principles for Intervention for Protection of the Public in a Radiological
Emergency”( "HFABRBEEBRICBIT I AROBEDTLOON ACETHER, L LT, 199442 Al
ARTAY b—THEPOFFRATHTEN ., ) LEIND L DT, ICRP Publ. 00UETHRTH 5.
FOERML, LETEEZEZ., RIOBCRSEZEODLDIERICHTINAEEEZ T ILETHY, £0
BRZ, £7TEOFRLEBEH, BLO3ODMNEENLRD. AXTiX, 1. Fim. 2. SARET
SHESPEAMFAL 3. PHEABEICHETIRMOBER, 4. NTAHEOLDOBFARBEFEONT I
U—Z2OWTDHEE. 5. MALIVOFEETIE, BRIRIZOWNTON A, STARIRR, BREEE, wE, %
B VT LO®KE, ANORY, BEOLE., EVEHE L EERK~DONA, Bk, BiEY L HREOKRLE,
6. RBRISEHE, 7. BESALAALSIMTONTERNLER, BRENTNS,

FIRICDIZD SEBDNAVINVDOFEDOFT TR, BYEE L EKEK~ONMAICET S, 1. #
& 2. B LKICETDHIR, 3. BAEEEOEMERICB T HBTORIR, 125 THEMPAOERE
HICRENTNWD, UTFIZ, ZOREZENTD.
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1. # &
P EZ 200 T TV —CRKSTDHZ LHRTESD,
1. {BYREREKOHEEIC OV TOEREDHIR
2. VBYENTZER, T KD OBYRESIC X D B ERREOBITOHIR
RAVVTERBRS. Fl2E, Iv7, HEE, A A 888 BR BR%cky, ML
BETHIENTE D,
FENAVINVITHEE T DRETORFRERE L TRETHY, FlE, BINg 0L 5 ek
BB CORKNEBIRE L T& TRV,
20o0HTTY =BT ENRENLRHRHREL LTI, BESBLShZAREZNIAERIZTS S
Lo B, REMDRABHEL L L. EYWESE~OBITEHIRT 5oz, FERPOHGETO
BEHDNIEEOLEEEOHARD D, '
2. BY LT B HIR
1. BOBK S 25 A~DORHUIRHERTEDBIT
— BT, EHERICEETRY
KD D NI RLEOMEBAREANDERIN—T~DERE
2. BEMEEEOKRETR I UESR
BY~DOEEILEIC L DFEREINVIDa s he—)v
3. BRAERKOIRTE LHEOZEIL
R D SREM O H D RER KOG TR B
4. BHEHSEIC L D575
BYEE DO LS, +aRBHORY 2 br— A BKLE
5. HSHEREOBEEEIC K H{ET
EDORSE, i, B EDHDNTHEHED? D DOFU
6. EHbEESNDHMALL
Ba OBEORMCT L TELLENDZINALVINVT, 1 ERCEBINDEHRELE LT

10mSv
REERBEEEINRVD D VITEMAPEAZBELRRO & &, 1 FEMIC210mSv 28 %25 L~
NPEELENBZEBDD

7. BN R
B. VMR 1000 ~ 10000Bq /ke
o U MR 10 ~ 100Bq /ke
8. #i— LI EUEDM%
KETORS BELECIT. BEOEEILS 52, Iz L BIEHE S ORI S O EE
9. EBESORLERBEOHL
WHO & &8 i 24H (FAO) 12 & 5 CODEX( 1989 ) th A & DS IERTEO N A K54 w1
~ VDL
HA RTA LV T O EREORER ML, EEES O ETHEZ LICER
3. AUESIT X B HOHERE ORBAT ORIR
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1. JEEYHIE~DBE), REHAHOME
a2~ OEEAL L IRELOBS L
2. BEROEY (HE)
IEBYBEIE~DBE)., REAEEOME, (LFELFICLIPEODRE
3. TEIPLEY~DOBITOHRE
EBHEE L ORE, #HHE
4. BIELOH, BRE~OFIHOEEE

3. 2 WHO OBRTOMEEZBIZETAFIENALNILIES E WHO/ FAO DEBESZIZEITAH
A FSA4 v LARJIIZEBT BiE8

ERPOMSEZEICETIFENA LGS

198842, WHO X &M F OMFMEEEOFTENALVVICET I ER LD, Z0EeHE, Fov
)74 VEEORIZ, BRMNEFLETIEALCEBEEEICLY, TOEES L LEESEH SRR
BRSHRERIC L DB TR O EBEEOBICER T2 2B L b0 TH S, ZOHEIIE,
FENAVNVVEZEE, EATIETOHEMRT —FB3RR6NTRY, SREYBEHIRICET 2 HEE
HHVEEDEAFELEETD ETOSEL LT, ZZET.

FIEH T, MAL L2 1 EFMOESRELEL L TOmSy L EDR LT, EMEREEE (ke/y)
BIOMBHRERE (Sv/Bg) #bsic, UTERTRICLIVFENALNVEZEHL TS,

ZZ T, DIL =8FEN AL~V (Bq/ kg

RLD RLD =t AL~ v (Sv /y)
‘md m =FERAEREEE (ke/y)

d =#HEHRHEFH (Sv/Ba)

AL D5mSv /yid, ICRP  Publd0 D FRBEELVNVIHETIETHD. FHAEMEEE
(ke/y)id. R2D X511, H40OPELEZHBICEBRFEDOEWVCLY 82D/ —FIZRS L, &bz,
BRIZONTIE, BUBIKZBRWT, F£H20kell E2HEET L TREHIZI V-7 L LT, £ THEE
B LT550kg /y ZEALTWS, 23, MERELHIT, R3OLO5R1EE, 108EBLURAD
EERENTHER, A RTA L VLVEEDETIE, F#ickY 10°Sv/Bg £ 1078Sv /Bg @ 2
DOOMEZ T ALK SLTWD, BEBREFRED 10°Sy /Bq i Pue7 s F=F, £, 107°Sv/
Bq RZz0MogBICER LS. TOLSRLTHEESNEFENALNILVERLAICRT. 22T, &
BIKDMEERIZERT00 0 THD. ALV EEERBILIRETHIZ L, BIU, I L0FEN
ALV, fdh, & IR BRERTREETSIREBORHEBRECEN T2 L ORI, ICRP
Publ63 DEIE L ABEREAF TH D, BB, BFXH. N—TBIORDOI S aEMIT, PEBROK
D, ME~OFEIRENLOTRNE LT, BEPHEHOTA NI VLV DIEDHEETETD
BEEZRTILTND, £z, Az, REEFTHRERBAOIN OFENA LIV BREINTND, Zh
Bk, EHAELBEERE L L T275kg DIV L 2T5kg OEEIK, 2bNT, RIWWRLEZ 1EROKRE
BEGEICIVEESNTLLVTH D,

DIL =
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K2 BEIMTHOEKENE (WHO)
Food consumption patterns for different diet types (WHO)

(kg/%)

BHY LT B, B WE HE B o 7 % ' B - | I Ny
77U h A& 127.4  134.8 25.9  45.2  16.8  15.0 28.9
HB T A B R 113.2 46.0 38.8  98.6  42.3  18.7 82.2
H e # 171.7 85.8 85.2 5.5 15.0 8.9 1.9
#ow W R 188.2 19.3 91.6 101.5  30.4 8.4 74.3
R IS 121.1 72.7 86.7  81.4  75.3  20.2  154.9
N SN 206.6 28.4 54.3  48.3  21.5  24.4 33.6
A AR 161.9 20.0 63.4  63.9  24.0 7.3 77.2
BT AU AR 129.5 67.6 34.2  83.2  48.4  14.4 70.7

£33 METEMIERN O FERIBREBRERE (WHO)
Age-specific dose per unit intake factors for different redionuclides (WHO)

(Sv/Bq)-

AT M % 1R 108R B’ A
98g8yp- - 1.1x10°7 4,0x 10°8 3.6x 10"8
R 3.6x10°°¢ 1.0x 10°¢ 4,4x10°7
t3agg - 1.2x 1078 1.2% 1078 2.0% 1078
137C0g" " 1.0x 108 1.0x 108 1.3x 1078
239py- - 2.4%x 1078 1.4x 1078 1.3%x10°¢

x: ICRPR L 2P EHESI NI ETCOYEE
#x: HRAENHRYE
xxx; FRBOFERABEYE

£4 BENMALNILDOEHOHA FS54 E (WHO)
Guideline values for derived intervention levels (WHOQ)

(Ba/kg)

MY 7R BE O BERE BE RE=E 'R I NP BE ook

I: Eﬁﬁ?ﬂéﬁ%ﬁﬁl 35 50 80 70 100 45 350 7
(10-% §v/Bq)

I: EFEREHRE 3500 5000 8000 7000 10000 4500 35000 700

(10-% Sv/Bq)

£5 HEOBENALARILDEODHA K54 E (WHO)
Guideline values for derived intervention levels for infants (WHO)

(Bq/1)
TG M A% FE VR
°esr 160
1811 1600
1370g 1800
239Pu 7

x: IO FHEMIIHEERRO
HB B ELSMSVIZ ® & T <
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WHO OF A KA L, ZREN L DORGBEN 1 SOE Y 7 XL v B EhIOREEI
BRAINDHLOTHY, BHROARPEROBRBICL VIBERINRETIE, £TEMELL S ZTHA
LRV DEMSV/y BB EEEARELE LTS, LER-T, BROEYRE Y — v, ThbbEE
BFEKICEY, A RTA VN VIRRRD Z LT, 22T, #5810 Annex 125 5 5 DD EHE
NH2O08E KT,

1) &7 BN Cs 0ATHLRSNIRE

5% 107%(Sv / y) = 550(kg / y) X DIL(Bq / kg) X 107 (SvBq)

DIL = 909(Bq / kg)

UEXY, FEHNALULIL, 909Bq/ kg LBEEEIN S,
2) 2O0BGBEEN2ODKES 7 A THRSNIKE !

BARFPOBBEELREEDLDDEART7 7y F—Lird, — Bl LT, BELEER® Pu &
BICsitk Y, BAHOPPuDFEELE 1 L LizE &, BEO® Puil, RO Cs 23100003
OB D Cs 310000 EE TIHELENZHE T, RAWCRLEFTNEROL A T4 1
EANT, UTOXSCEEESND.

1
DIL(**° Pu, meat) = = 0.63Bq / kg
1 10 1000 10000
— + — 4 -
100 35 3500 10000
10000
DIL(** Cs, meat) = = 6323Bq / kg
1 10 1000 10000
— 4+ — +
100 35 3500 10000

FHEIC LT, BHEICOWT, *Puid63Ba/ kg BLUP Cs 11 632Bq / kg EEEENS.,

PUED X5z, WHOU198R) L RENDBMPOHFAMEMBEOTA T4 LVt A—0OE#ES 5
ARNTORGEHZNMEL, SOIZ—FOBEZ AL LMELZETHAALADO5MSY /vy ULTIZH D
TLEEREOERLLTNS,

ERESCHITEINA RS54 LALIZET HiEH

FAO & WHO #1989 2R LZEBERICB T 5 A4 K74 » L1 (CODEX)®ix. ICRP
Publ63 iz &, Eiz, 199348, %ETH O IAEA @ Basic Safety Standards @ K5 7 MZ b
DANRBNRTRY, BARRSRICEL COREROERESICRT 2H—rRHEE L LTOME ST
Mo TWARIIZH D, ROIWCHTA RTA VNV EBRT, LYLVE—BREREINVIBLOIIEEI
Ko Sh, ThEi, BEREREICI Y 3ODOEBEI/ NV —7ItaiT b Tnd, —FEBMIZERT,
NI RBEUILIRE T, o BIHETE S v — 7 OB E G5 107° Sv/Bq & 1HiEVWMERHAWDLR
TRY, e, WIE2YSrOBEIN—7TZANTIVENTA KA VLU BRESNLTNDE, &
DUV BEAEND O, FHBROLIERTH S, & &I L7z WHO 58t (1988) Df b O ibHE
BREICBETIHFENA LIV ERETD L ALV D5mSY /y . FHAEMEEED 550kg 1 UE
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ThY, Elz, METIRETOMNERELTZZLIZo0THREREE THD, /XL, DEER
BRIV, FETOFERRRZDZEERBHELTND L LTV DIBEMIT RSN TR, AV
L)UEstT A E 2 1L, Bl—OE NV — 7R TIIBEROBRED L~V 2 MET D, 3 o0EEIS L —
PO TIIMEICNET 2 LEEZRD TRV, ZORICOWTIEAL RIS TWRY, IR/
BRETICHEBEINIABFAORRE L, ZOE, #TEDIZLLLTVD, B, LYUVOHEE
IS & WHO #8588t (1988) DFENA LNV EERBIZRILTH S,

#£6 BEFHEBERICLIBFZ2OBROEBEZOEOOEBEZDPORIAMBEOHA FS1ULAL
(WHO)
Guideline levels for radionuclides in foods following accidental nuclear
contamination for use in international trade (WHO)

(—ik&E &)

fi B R REMRBEEZE LR
(Sv/Bq) (Ba/kg)
10-¢ 241 Am, 23%°Py 10
10°7 Sesr 100
10-8 1311) 13405, 137CS 1090

(VI BLUARE)

B HLS R REE 2 o R E [P RawI%
(8v/Ba) (Ba/kg)
10-° 241 Am, 229py 1
10-7 131, sogy 100
10-¢ 134cs, 137Cs 1000

3. 3 CECIZBITHREZDHALE
BROBABRHOEERE (FIL/ TA)EH)

#&7 CECIZLDPEROBARFDYEERE (FxU/ TAVER)
Maximum permitted levels of radioactive contamination of foodstuffs
originating in third countries following the accident
at the Chernobyl nuclear power-station(CEC)

(Ba/kg & 7z & Ba/1)

HEA S V3T B RE W RE 1BA0s 4 13T O oY B M E
IV BEU 500 - 250 - 125 370
HRER
o E-1] 350 = 175 = 90 600

x: 198658 6H >58 16H>58 2680 0 &M fE
xk: 1986 5H » 5 1993468 £ T O & ¥ {E

CECUk, Fx=/ 74V EHHE, T2iibiz, ™1 &P Cs BIU Cs a2\ Ty AFR I 0% & 1
BT, MBEMICBNTH—LEEREHEAER L, R7TICEEEEMEEZRT, W ORAEREIC
DWW, 19865 A 6 RIZERE LT, 108 M ZEBT 5L I EEELZL/2IC L TN5 2 & A3 EHH
TH5Y, ZOREIZ, BEMTN T OEFEHB.0R 2B Lz b D EABN DS, & HFEE RN
IR L2 & ORI b BB SN 2 L RHEREND, —F, ¥ Cs BLU™ Cs Izo0 T
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EHRRICRE SN EEECEEIRLA SN (19934 6 B )10, d2RRIZONTIR, £ OFEMITE
< A3, WEESE, MBIz TRELBITLITWS,

BROBEBEERFE LI

CECZ, F=N/ 74V ERITHRIMARE OWERELE LIZRNIT, 19874120, FFHEEE~EH
FBIDDOELORFERAFELV-INVERELLY, RBICTFTHARER L —HERIZOVWT, A br
F v AR, I URRAME. o BEEEERS IO Cs &% Cs 20 L7z ¥ EHI10R L E DR,
L AEIN—T DL CECHTEREBENTND, ZbD L~ vid, ICRP ®° WHO OfFét &
FREID. MBETHREOHNERETHE T30 LTW5, £k, PEBRAEKII—BRELZDO L1
OERAPLRASNTEY, LEMOBEEENI0kLLTOREMIT, REMEIZRELOFHLALND. &
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Cleanup of Radioactivity Contamination in Environment

Toshiso Kosako
Research Center for Nuclear Science and Technology,
The University of Tokyo
Yayoi 2-11-16, Bunkyo-Ku, Tokyo, 113, Japan

ABSTRACT - Envitonmental radioactivity cleanup is needed under a large scale accident
n a reactor or in an Rl irradiation facility which associates big disperse of radioactivities.
Here, the fundamental concept including a radiation protection target, a period
classification, planning, an information data base, etc. Then, the methods and measuring
instruments on radioactivity contamination and the cleanup procedure are explained.

Finally, the real site examples of accidental cleanup are presented for a future discussion.
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Decorporation of Radionuclides from the Body

-Recent Progress in the Decorporation of Radiostrontium-

Yoshikazu Nishimura
Division of Environmental Health, National Institute of Radiological Sciences.
4-9-1, Anagawa, Inage-ku. Chiba-shi, 263 Japan

ABSTRACT - Radiostrontium incorporated into human body by accidents should be
treated with an application of suitable decorporation method.

Decorporation methods are divided into several groups according to their mechanism
of action ; 1)dilution of radiostrontium by stable calsium, strontium and barium,
2ycomplex formation with chelating agents such as alginate, DTPA or EDTA,
3)adsorption on insoluble materials such as aluminium phosphate, magnesium sulfate,
f)disturbance of metabolism by medicine like corticosteroid, phosphate-deficient diet,
and 5)others. The future research trend toward synthesis of new chelating agent and
application of natural materials. -

Chitin is a widely available biopolymer obtained commercially from shrimp and crab
shell. Chitosan is the main derivative of chitin and known to be a natural chelating
agent. The present study is to investigate whether this naturally-occurring biopolymer
can be used to recduce the bioavailability of radiostrontium in food in the
gastro-intestinal tract of animal and humans. The whole-body retention of *Sr in the
chitosan-treated rats was lower than the controls, with a corresponding increase in **Sr
in the feces. Other rats were kept for 50 days on a powdered diet which contained 10%
w/w of chitosan before oral administration of ®*Sr. The whole-body retention of **Sr
decreased sharply when compared with the controls. Trace elements concentration and
other variations in the components of blood were measured in the rats to which the
low molecular type chitosan was given in order to investigate the cause of the rapid
decrease in the retention in blood decreased significantly with the feeding time. The
results suggest that chitosan can be used to reduce the bioavailability of radiostrontium

ingested food.
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SLHEPDHNTVEY, WIBANCHERT 2 HEN L bR BITIE. TOMEICH LTERIZR X L— M
R, BERNREDFERNPEZOND, Elo, BFEROBEICE > T, ARBICEIRTIZEbH D5, U
A7 BED T EBRLZWID, BHSOHENIL T LV,
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AT 558306 OMAEEMIC LD EFA~DRESL, RETOIEREOIEFREELER L TR LEMR
b, TelziE, ¥FL— MILESBTREELREXNDOHEASDOEITETH&7ZL, Cs & Sr 0
Bk, TORBBOME? S Sr OBRPEERICITOIRETH D, ZODITE, FOBEONH, FHR L
VOBEAROBREA D = A LEELEMRE LIz ETOREEOBIRBARFTX L7259,

Table 11z, BH#HFITRL THLIEERFNMEZEDOKREE L, £20RRELE LD,

i IR ALE BES ERT HEH BES
An DTPA. HIERFT. W Fl = H 5 - DIPACEDTA) T
Ce BerE. T A, DIPA * B B 1ZDTPACEDTAY it
Cs T T T I—, B, TH 4 T T T — 14
Co seg. BTHL Co +1 =5 3 v, DIPA (EDTA) +
H ZREDIK, FIRE x Ik FRRF *
] . K 1. BERBE H PR T3 O EH H
Fe . T4 F VB +h T4F VB RZUT I,

DFOA. #3090 3% TR 4 +
Pb B + EDTA, R= 5 3 /. DIPA TR
Hg sere (BRE) + BAL, NZ U5 1Y ¥
Pu el HIEEHI. TSR + EBCDTPA (BDTAY T T
Po Wi, BTA + BAL, =530 +
Ra MgifEkig coki. TR + Eit7vEZTL NG
Ru B THI ) W S A TS R DTRA Y
Ag EWICh AT EEKTAgCLE Uit g T ¥
Sr WEET LI = L, TIF B+ B R)LE . DIPA. Ca D)
U DTPA + BREF MY U LIIBEBEESED L
In . 74 F B v DTPACEDTA) 1

Table 1 Treatment means and indications after incorporation of selected radionuclides.
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NHEOFERKRE, X L— MIOFEABEZONLTNDS, LAL, ARSI F L— MNTTEESEN
LORE N, BHEODRNE L — NRIOBSE - BIRSED 5N TNS7® (Table2) . 7z, —FH T
EREMERECLY ., HRARMICHOEIHEIT, EHEAICERL THORERER. BREROEMRZ
FEZIRTNERLRWED, ZhODRZE, DT L THTHFLED T LERSD.

Chelating Agents (Abbreviation)
Bufexamac[p-Butoxyphenylacetohydroxamic Acid]
Catechol-3,6-bis[methyleiminodiacetic Acid][(CBMIDA)
Chromone-2-carbohydroxamic Acid

Desferrioxamine B-methane Sulfonate(DFOA)
Diethylenetriamine Penta Acetic Acid(DTPA)
2,3-Dihydroxybenzyl-N-glycine
Dimercaprol,2,3-dimercaptoropanol(British Anti-lewisite:BAL)
Ethylenediaminetetraacetic Acid(EDTA)

3,4,3-linear Hydroxypyridinone Derivative(LIHOPO)
D-penicilamine:D3-mercaptovaline
Phosphatidylethanolamide-EDTA

Pyridine-2,6-dihydroxamic Acid

Phodotorulic Acid

N—stearoyl—desferrioxamine

N',N°,N" N*-tetrakis(2,3-dihydroxy-4-carboxybensoyl] Azatetradecane(LICAM-C)
Tetraethylenepentaacetic Acid(TPHA)
Triethylentetraamineheptaacetic Acid(TTHA)

Table 2 Recently works of chelating agents for removal of Pu, Am and other radionuclides,

2. FREHE Sr DR

FORE Sty BT LSRR 23304 L BWOSr S IRE & A2 D 03, RNIC A D LR ITBICIEE L.
EHicble o TNEMBRZ5IZR Z 772D, BoREDOFT TLRLERRBEEO—>THD, Srid
BAHERTIET ALY LEHEEBICELTRY ., TOWEN, {LFEEIE Ca L&D THEL TS
W, SrORBEEZDHEEITCa LA LTRD LEMRZ L%, — a9z Comar H34RE LTz
Sr-Ca Observed Ratio( #ZtL ; OR) B LI LIZA W BN EY, OR X Sr ofRE#BIFICAE < ER Lz
E2FT, WKFRLEYETO CalRER—ELTNDEZ EbdHoT, REBEREERBBEAICITORT
WIS DT —Z BHELNR TV,

BEE 0.23~0.38
B|ESE 3.4~4.3
#EE 0.39~0.58
RS 0.69~0.91
"% () 0.13~0.283
g (RE) 0.10~0.37
Fryy 0.28~0.60
Ca-FF v 0.20

Ca-F b4 0.41
7IE* 0.51
YIibT E* 0.47
ESyxH=* 0.56

Table 3 Comparison of abserved ratio,
CEHEREOT—42M0EE
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Table 3 I1CHEREAMICIBT 5 OR(HMIK—BEAY ) 2Rk LicH, 1B T3 ~4 LW O EERT LU

T PR LUTOEEZED, 202 ik, BEER Ca kv b Sr 2Ry RAHBRLTNZ L ERLTE
b . BEEOMIAER S KT A HESETH D T VR VERE St OBESESICHRITE 50,

B RIC BT Sr B RE L BEABERZE LTS, Ty MBS Z L TENTO L. &S
1% 6 B B I IZ N B OT0~80% A EICIEE T 2. SridEMl e BEACREET D B, ZOREEIECa
POA A VR, HHVNEERRETHD LELNTRY, Bl L OREEEITZ DO TEN
219 s b ORIRITAENARC Ca Mg P 2 EENORTENEOREEZT D0, W%
BT 1E20~50% & W\ 5 EAHE ST Y, BEADROOEBRIRE 2 E w7 ICRP Publ. 30 T
WA (f1) 20.3(30%) £ LCWAYW, REHICHIAHR TREBEPERE TH D20, RAL
DLEIEL O SRRV ALBRERD S, &<, ERFHIZRBOTIRIERDOR E BRI R
WE L RLEBEREEIEESNTRY, WHLTO~v U ATH St BECEPLBERRCENEND Z
PR BMIIN TG, Ei, b MEBWTAR 1 » AME TE Sr 225 FIcBB L, BE sz
1 LB L, 64 ANDE 1BE TCOMCIIMANMEIGESS., ZOEHBELLT, INIFDOT7
he 20 Uy, FAX=LARER ST ORNERELTND Z BB TWD A, WHILHMTICE
BB A BT B o O IR R OAIEERH D Z L bHERlSND.

3y A 17 5F 10F 15%F KA
HCERIER (f,) 0.60 0.45 0.30 0.35 0.40 0.30
REGFRmIzIEETHEE 0.49 0.34 0.22 0.25 0.28 0.06
REFmMITLETHEE 0.12 0.09 0.07 0.08 0.11 0.09
FRmILET DEE 0.61 0.43 0.29 0.33 0.39 0.15
OME~OBITEE PSS | 0.39 0.57 0.71 0.67 0.61 0.85
BN ORREFRE (y7) 3.00 1.05 0.56 0.33 0.19 0.03
RO DOREFE (y) 3.00 1.05 0.56 0.48 0.35 0.18

X 3HBE (0~120A8). 15 (1~28). 58 (2~7#). 108 (7~128%). 158 (12~17
A (178LLE) ( ®

Table 4 Parameter values used in model for strontium.
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BRIFOBRELEERDD LEDNTNEN, TIFUVBKERIZS %LU EICRD EENFLVERY, &
B LCHAEE REBL 2D, BIPERTRELOBELZEE TS Z LT FrLlv. Ll
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REEET D LB THLREVMEZ T, £ OPRE(SERIRIZ T VX VBRRINE R CORE
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e L7259 (Fig. 1) .
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Fig.1 Whole-body retentrion 853t in rats pre-fed with 10% of alginate.
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Fig.2 Structural formula of alginate, cellulose, chitin and chitosan,
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Fig.3 Whole-body retention of 853r in rats after oral administration.
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Fig.4 Whole-body retention of %3¢ in rats pre-fed with 10% of chitosan,
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Table 5 Adsorption of Sr into chitin and chitosan.
Bach (in vitro) experiment: 0,1g of chitin or chitosan in 10m! solution, duration

of agitation: 1 and 20hrs.

WEE (%)
16 fRE | 2005 RRE

F MUY (B&RFAMA) 7 9
Fry (BEESH) 10 13
FrUr (GR7EFIVE) 8 8
F Y (BEEA) 6 10
FF 2 4
AV G LFF 90 95

in vitro DFERZEND, F M UL D Sr OPRIEERBITER S % L— MERATIZRWZ L 85
BIENIZN, Z O EERE LIRS D, 5%0F MU RN LERKRER T v b2 —CHERE
L. "EFmby, ~v b2 )y M EMRO—RIER, BETPOTKREBREELHE L. ZORRE,
¥ R UENEL RDIZON, BIEHLHBEDCET, RELI/NVa—2B ERTIEAPBEEINZ,
F/z, MPOBEETHETIZY . T MY A, ER SROBENEDTIEAICDY. LicfiFY g
EOBRTHAELL., ¥ M UAOEHEBRIIKY VAZEILEELBELL WD Z LB RIER S
(Fig. 5, 6), ESIZ Ca B+ ICHFEELKETRY V&2 525 L, HLE-ME—F-RE2HILD
MEENE LML, Zhvé &bl Sr OPREREAR TS Z L2REL VDY, ZhiZ—BoRNF
RIZEB DT, CaDRBANATUVABFENDSTLD, BIILELIESr2RETEDZHDOEEZ LN TN
Do RITF P UARICEIVEY REBIZR > TWD T, ZOFRAFRICE D2 HFEELHATLIZ L
v, R WbhdEHD Sr 2BETEDAREERD D,

ppm
10° 1000
WiIEH (mg./d 1)
B " K
yia—2z (mg/d1l) o
2 1001 .
g1 i —~—
RFE (mg d 1) . o
L —a
LB (mg/d 1)
10 e . .
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0 20 40
HE B (8) mEas (8
Fig5 Canges in plasma —urea, Fig.6 Changes in blood P, Ca and K concentration
glucpse, lactate and total lipid in rats after being fed with 5% of chitosan.

concentration in rats after being fed
with 5% of chitosan.
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