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BHETP LR 40 HBEORIBRTFEDRA Yy v FChd, RFEOERT BN ELEE
> TERLBER 15 m (2L, BB ECIb - TFIZIER Y, RIFEE T
JEER I 15 km SEHHE0 20 km 1S E TIEA 7,

5 X B ORTEE A5 RIS Th 5, RTFEOFEEEE L RS
&> TR LR R & 72 0T, TG0 LT A S - CRFEOERD
ERSNTIT FIERSEAE T, IR EOKBEEK S B3R S TR ORI & 7 D RFED
TORKHICHER Uz, ZOZ EEFBWEIIROKERE TKOE] OL3ICRATEN I
BEOES L > TEMT DTV D, 3O U SN R A FHEOESBR X, &
BT LR R CHERIROBIES IS T b, BEHERRLITIC X 258 idigasilliE
T, PRI 7O TREBE A 27 0 JREEHIC B LA Z EBREND Bt 5, Zhiost
L, JEE « RIGFEBOBEITIE, HTEMRTF SO o e AZRBORZIT R | ARSRES LT
K& < 1p o oG T D MR DHNC S FTRETRICR > TURTFEDER ~THEcE T L
T B2 LD, HEWERE FHD 5 bRHMHRRIC S T THIFICBRAS, BfTIZL-T
EOE SNRD > T R, BT 3 BEHROPERENRIEIC L > CHAHREHER T
A0, HEZEENTWHEHEE IR RO A2 YO EIcRE <A 3h
THIEMRICIRERITLDENRAOND, KEFITEE U OO UMb 5 v i
REOTEFPERL, B OREE & LIRS > GEVELNRTLE H DT, HEHEM
RITFOEZ H L LM S CoORWIREE TYEERACEIET 5 Z S IBARARETH 5,

BB BT A2 EEDFE D 4 D 3) 12id, HERE T L 28gREs LT, Ik
B THOEEERILRAD 0.006~0. 026Gy, BETIEIAILS3, 4 THEAIIAED 0. 12~0. 24
Gy DHPRRDBITNAL, 2 & OHUR Cridi PRI H 0, B AAA TR

TGy Pl BIRAE kg B0 1 P 2 DT R E R BRI Rof & & 16y LT HURIHRE

5

_‘] 3_



SRS LD & OREHRORIEN OFE Lo b O TH D2, Zh bOHMRESMT b FREE
B BRI E DB OEROD - - i o fe b SR T\W5, HjE, HEOHER Y
& K L U EOHEEICIR E T Lo BMET 5, & DICHERMERE THoOR TEE
IR e 5 2 e L HEE SN D BEHERARI 71 L 2P RS, “N O FINEVED
AT CHEEFRINCIE T3 & LI TE Y, BRI FHEIC - TR Y . BEiE
s P X BIEVEIICE T L O3 LHEESh Ao, O3 - B, Al - A5
3 & P R TE BT VN B PERE T L D HIRER A TRE Y 5 T L ISIRIRE & T BE
TNB,

ZNETOT_RTOHERPIT N HHEFEHIE ST b LR TR RS 8-> 12 THE
PEEFRD TN D, HIRDR Ui & 5 I B PO RIS EIRIEIc &< T8, F
i bR IRREE & ATREE - TR 2 o AVHERORESR, Yuf kR OER,
PRATR EOFIE - FECOWMPURRE Y 2 27 70 KD BHERI S DB AN & S 9ROl
HEITRD, ‘

HIRE OIHHREIRC L 5B HERORIERIIT S E S ELHEERRH Y, TT
OFERBYIIBERBANT & A EBEE L2V 2k GROIEERE 30U T b BPEERAFEIE L T
WD T & &R L TN, RO MR IR A AT O ) B DN IR D 2% 38,
TR T L D2 DD F B E — e 3 5 Elo ERIEHHRERED O T T D,
ZD &5 BB S AR O B[R R OSBRI BRI MR 6 5 &
WY REOC VL, S SERREERBESFENL ST M6, BERICT
NOFRER R A L TR L A O AN _EEAPRRDh TE T EWAL I,

3. MEHERTIC & HHIRFEDHTE

TREAT RV BAMSERORERIHNT I, 1946FOMICKIREEFE 2 KA B RES
HOZEEZT T T AFRERH D, TR bMBICRERREREL TS,
19574, [REBOFMRRIEERNL, BN, BAOKSICmA T, BSEADOHEA O FEOX
45% LR RO AHEERFE DTS R4 £ & wizthics [HAE SR c R LT3,
PRI S BICATTHIREO AT A & & OFBAMIERORBERLWMESNTEY, A
RS A 2 TR DS I 331 DA A L AR e M 5 ol Rk
BRERIL L Q0D Fofh, BEAERE, HARSRRE R E2BORERH D,

FRESRR R SRR (USSR ool (LSS) ZEMIc-2W ¢, Stram & Mizuno 7% DS86
,K%’j(@Fﬁ%ﬁ%&@}ﬂ}ﬁ%ﬁﬁ%ﬁ@@@@ﬁ%%%ﬁq; L7z, E7=. Preston 5319984
LSSEHOBIRIERE S & DI ERERZHE Lis, ZhbilEr A EOHE ThH S,

OB,
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PLTICTRS & 5102 b TR RS ERE | 7k MAREER 30\ s T
WIC & BB RO U = & 2RO R LT B, |

3—1. HIERE S SMHERBEEDRER

HEEEARD Stram & Mizuno 1Z& % DS86 (23 o FIHCH IR BNRAR S & HEEORE
SEI B MARAER] LSS OREDIE S MEHRENE O OT, ZhaEEN L TR 1350
IZHEE U7 AR & SRR RIEE RO R A RDB, L L., DS86 i-3< 1SS HEHD
WA B ORI B ORI K A R EORENRE EN TS Z & 2> Tk
TR B AR,

Stram & Mizuno A3:R¥D7z DS86 {Z L A FIHIHENAHEE MR E & EENEORIERORBR
#E 61T, BEITRSN TS & S ITHBRIERT, DS86 DHEEFIIHUNEDS 0. 85 Gy
£ TIAEONRHEMN, 1Gy 5B Y &% 5 L 28 LT 2.4 Gy 500 TRIERIL 50 %% 82 5, 36y
ZHEZ D LRESRIEIET, 6 Gy Wil SR LD, Z OSHERE CORIESE
D, BB TORHICEL D EE2 b5, FEREN 4 Gy THHZLEBETS
& FEERE LSS ORLIHUREEIR 3 Gy S EORIEEMIZIL, SRERIRC LD ST 1950
FEE TAAE TE AR O WIRE L < EEN T BT DITHBORIERIRET
W2t EZ bivd, b L LSS 12 1950 F % TICEA3E L O LI-iEE 28,
WEEFEREANITIEL LI A EA BT UL, EORBIESR IR R R OB E-> T 100 %
SIS TR B B, | _

Stram & Mizuno &ARDEFIRIL, BEHFEESEHOTERSMENRL T0D, £Z TIE
Boir s 7127y b5 & 6 0%ETOEE, LWERBEFEZ RS, Linddo TED
BEHRBEIEITERS D 2 L B BN o T, BB & BTSSR
B2 el CTIERAGM THAH Z L IREAERFRIC Lo TR Db TS BilziE
J. 77—, NERKRESR [HeiEmRE] =7V o H— 727 F— 2 JIR, 1993
fF) 18 4 B,

B2 FRIE S A HETRESAE S TS Th D LR LT 506D ANRIET AREE PR
EFRE IO D(1/2) &7, BEOEZENE Stram & Mizuno 73 LSS 2>BASTRERIE 3 Gy
G 2. 404 Gy, EYERZE 1. 026 Gy OIERSFT N(2.404 Gy, 1.026 Gy) & LTHEYT
ZERTEAI Lol R UHED Kyoizumi HiZ Lo T 7Rk FOIEEEE.
MR E TR LT X BRI L e B A O B RIER & RO TR AR TR L, =

2 NDEBEOSTH LIFRAH TR Y OFEOANE, EHENLEENSIEE DR BN, THELY
INEVAZR 50%, REVAN SN THD, HERECHHIETELARCERESM CThALTA L, RS
OEEINTPE - TIHESSEO AN E L LRERR D(1/2) 12515 L LB T RS B0EO AN
TIIFEL TS, DU/2) BB TE HITRER Y4 L RET D AOEIMIERN R EH, HERESL
10051733 T,
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DA (RERF Update 7(2)1995) ZENCHRIAL TR L, ZOBALIHEREROBERFN
WIERGAIC L > TERIN, 4.5 Gy ORIRTRIESEN 100 BV 95.5 % HBAWIE 9T%E
THMLTRY, BlOR Lk S ahisie D(1/2) = 2.751 Gy, #EHE(RZ 0.794 Gy D
TEH4 NQ2.751 Gy, 0.794 Gy) TV 4w NTE7,

R BERIERICIER A N (2. 404Gy, 1.026Gy) #HHNA L TR EY 2 ORIERIL0.96%
LT, FIRRENY o CHLIEORERIFEICIIE TR bR, FOimbhE :am
UT, PuBBBroERSMmEEE LI EEER 2 05, —ok 5z tiis
DI, FBOEIRRE L FIEFOEFRE 52 5 IER SR OEERE & %ﬁﬁ%ﬁofﬁ*@tt?ﬁ) ‘
#10.43 L KE D, MRS IR E B AZEZNH B Z L 1D,

Stram & Mizuno @ LSS AP Kyoizumi SOHEERISREN TS X 9 ICAMHEROFRIES
DRBITIMAAZER LY EHAHZ LTNB 2 L lbohb, BIERR shiciz sifEs ot
ERFED TLEWVAE] & LIS, WEEICHT3HED TLEWVE) (35 0.7 6y Th
Do Stram & Mizuno OFERIIFHIKEGHFGNR 3 Gy T T0OTEEBHEEZEL T B,
20X DI BHHERREEORIRRSHEORE LK fefizZ x5 L TLEWVE) 2LT
THIERIVN SODRBEMOE AR EOAM R e SIET 5 2 L AR LT3,
FAITEMA, BED TLEVME X 36y THBEL, =0 TLEWVE UT Atk

DP—EIFIE L7V & FEIRTAOIIH LAY T, ZoEMOFEE, —RICHERES
DB RS IRERRE S L OV A USER I bIAD L AR L &5 R,
HIRMEEDERE 27V

LU G- R & B SAERO R E VO CAMEER RS OMAE R b ok

FERORAEE & BIRIRE L O— a2 BRE & 729 R ARG L TaH,

EV, BIRE ORI IR & SO T L B IR o 7 b
DL LT, FREIHIEEOEEE LTHREEbmETS, ZolE LT, fHREEE
L VIAHEHREOBFRE D () = cP(r) . BEHEHRNT L A HIE0RE & gHRiEEE - OlERs
D(r)= ar exp(—®b% + d ZEETH, ZIZTc, a, b, d i XTHTHIF A—F THER
BELEAEEOMO x 27 4 v b E#B/NIRD X 5RO ONS, ¢ TSRO
BipEORT A—H | al biIHFHEETYIC L DPHRBORE & LIERY ICEFRT 58
T A—H d GRS R & SRR T LI REL CO/T A—F Th D,

T DHFRENNT A= F ORUNNBNAIMEE B2 IR SRR R AR L, R
MRE L RIERDOIERAAOBRE AV TRIERAFHE L, ERBEFSREACRERESR
EFBTEALOICLT, HREED DRSS, TOFEN 22 (WA TR 7
A bR iﬂ’béjﬂz“i’(‘ PIRFEOEGRRL & bICHRIOT T, 3% S EBYTERO%E,
ISR LT BRREAS, BMED & = S YRR & O TN & 5 gamiy i Bob Bl

3 B BB TR RS L EEO I EEN 0.04 & 0. 15 20T, SFAEEESHRELTEH, 0 cn0 kg
DA F ORI EREE TE B,
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WCFRRTHEDOTHD & hho 7‘_,, BT, =9 LIEFEC L » THgEREN LA LN
7o R T2 ST & B IR EEHRIC X AR T SV TR B A, S ETHE LN
TR R ORI E B2 LR O DL LTRAZREHDTHS, LinLE
TS, BEBSRORE, &b ERMNIE L NRR O ENERTERNLDT
HDZENHBNRENS,

3—2. REOMEREEOEHTIZES< Hﬁfﬁ[@?%lhot HHREE
TR LSS DS

AR DR L BB ERIERTRAL, HEFORTE Th- - FUEREZ B4 (ABCC) A3 1947
EEN BRI 10 EERICBZ o7 b 0C, LSS 220 TR 60 HIROBBIER T L7,
1998 LEIZHGEAED Preston H 33 Z ORI OWTEE Limdn b, LSS DL EO#ES
58, 500 ADREDRIEREZX 7 OOAITCRT, HOHNS 0.75 kn OREF 100 W3R
BIFAH LTS, 3 km BUETRIERT I9§HRIZR> THE0OT, BIEERSE AT
TR R Irot,

Preston BAMRE L2 7 OOFICREN LSS OFERIZH LT, HRRELRTE

Amrud Stram & Mizuno OOFIHIHER & BEBRIESR) HROFIEFER SR LU Kyoizumi
6@7 7 ADEZEBHED bR DT B IE#SA NQ2.751, 0.7949) £#HWTT7 1 b
SR FOERES L USRI OR Lziiiid, B 705005 L 3100t &b Th
SV A Ko TRIER 2 RFANCER L TS, 3% 74w SR T A—F LRdbiofl
RREAR IR Lir, IR < CHEHBE ORI LSS EAOHERTESRS
EhB UMW ¢ *OETHERTE /2 ik, BEHEE T OB EL R ER e
FRADESMEEZFT, HSIZARENTWA X3, B3 D HTRIHERR & 2 P
Bl P2 ELT MR P KO BIRREIR OIS 1.2 km AATRYL, T
DORFTEGR BT T X 23RN ERC 72 D, Bt T — 2
fEId Stram & Mizuno DOIHERIEZREMSRDTI-MEEIFHEST TiL 0. 946y, Kyoizumi. L
7 ANDEEBED HROT-ERSAATIE L5 Gy 124D, IS 4 km 80 CHoRE
M T L DPREEOBDITILE V| 0.6 YDINEFIERN 6.5 kn £ THL Z & &M
LT, ZOERBELIETIZAT 0.15 Gy AW 0.78 Gy D—Eff%E & 5, Kyoizuni H=17
A~DEEBEA B Z > FO LRS- EHSAOGE D(/2) 5K E EEREN/N
BV, EHEHEORAERO—EM 0.6 %h 52 H8EIE 0.78 Gy L2vR Y KE G
B2 525, ZOLISEREEORHTHE TN L 2PRREOREICE, 0Lk 5wk
TE e BIER OGRS O S0 TRERBEVVE L, MR T L 28Rt
REBDTREEMAMED, UL, TOTREEHEOFIAN TS, HErHasE M L 280 a0E
PRREE T < FIREMEE R L Q0D

Kyoizumi " &0~ 7 A~DEEGH O ER CIIANTHIRHEN I~ =Y LTL\Z)*jf ¥
VBB L~ ADBE L OFEO /MR H Y, Stram - & Mizuno DEEEUHIASER & i
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HHERETHOMH I L AP S DS86 12 L AP RE LS L2 b0 T, Zh
FhEETAREMEEEA TS, I LICINTHRIC L AFERERE, NTRROEEEZS
IFCUND ETREMED 8 5 IR _%miiﬁﬁﬁ’c’ém\o 29 LR A % oOmEoREE:
I b,

[EEDOHECLUS DI EEOITIRR & D _

X 9 W RS DIERBIERICONWTOIEIERRERREE LD bDOTHD, HEED
RIS TE RV DEREHD, BRI TUIE D LBy B ELITEZ
RUVTCHA DD, HIFOWIREIC L > THEBPHRENT TKIZBEHOF) & FORHE &
LTS b O THE I L 2EBET A &, S EERESREERLRTh
ERBEY, BIYITRENTND L HIC, 1957 FTONTRARFAED 2 km & 4 kn @ 2
H A BROCRERE R TE—B L, RBESEFIE2AOEIEETE N &2 T,

X 9k T, Stram & Mizuno &5 BHEEATD 1SS O SHITR LI g5
TSy ha ~'f=-<‘: PR R U772 Preston & MDMEEHID LSS OF& % 5T TOA
E- L ARERTERL ORI, Um BUED DA S E CRRREE N5, TOMEHR
HBETERE T L AR B R L C5E L EX HIDY, 1SS LUMNOBERIERIZ SN T
HIIEE & PARIREO EM A OBRAE W THRIFT 2 LR DO L 5, 1EIEER S
Lo TRERFFRTDIIENTED, ZNSTXTCOREICHTD 4 71 v FBE 10
DX 5 BOHS 1.2 kn~L1. 5 kn ICHERERED V'— 2 4 FF LB O MRS o &
DHREFENE NS, B 10 ITRERTHB LS, T_TOREREY BB DT R

PR T L AR MR LHND S 1.2 km~1. 5 km TSR L gz Ho
S TWB I EARENT,

B FAEICR O T, RS L i 23R (=2 ba—gEMl) &1L T
ARSI & 2R ES 0.006 Gy BAFOimEEERRE 2 Qi TOTIRRE
0.005 Gy i% DS02 \-E3 < HPMIPHEEIRE TIT 2.7 kn 2B DHBRCIBN T D, 20
2.7 km TR U 7osTEEHEE S, — 2oL o, WThOREBRERORES
D BRI T L > TR CEAWEEOEIREELZITTOVWAZE. ZORE
0.5 Gy DIFEEMEA B L CH iR ago 0.005 Gy L0 2 Hrk&\ giEs i
TG Z & ibhots, ABCC-HEEHFOMRTER, MOt TR L2 T Dbk
BEEa b u-—zl/%li‘[}: LTRELI-Z L, PHASROAOREE S T HRUICHL

TH—EOSHMICHZR SN TS L LTh, B T X 2R a2 I L
WG R & B PO AR 21O A RS OB E A T X A 1138
HITH B,

ZIT Gy EWOBMERNRRD, IRREL LW THIREEL VO REE L TEL

T ZORR LOSFRREDRR & R T L AR CTh A k43 L, 6 IoREN-igss L EROMEER
BE 10 DA 1 Gy OSHLE THOWRSZE N FRANE,

10
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BB AR TR, HEHERE T K ABEE, & LT, B SICHE IR M L
T BBUTHMER R, RPN O R £ BOAA P RIC E B b D e EL bh, ZD L)
IR — RS TR I\ RN LT, DRI & 5 I MR R R B
PrEERT D EEE LY, £2C, 22T Stram & Mizuno 23527 1SS 183 2 #HH
O L SO IR ORI EL b SO BN ERES b7 b1 EHM IR ROE kT
FAWnAZ & E LT,

3—3. [LERROEN L THROSRERENIZED CHRSIMEE T - L A HRR5E

BB B EERIEO AR L TERACH D LIREL T, | 11 TR R
IO 3 2 BUNITRDHD D 1 kn SIPICIEA Do 7o BRPVEHES 048 & RIS
FEFENT Lz, B 12 12 2 SORBERN S ROT-WIRGEHEER AT, IMEIEDE
BEIE 11 i2h6N2 L OIHE L 0 HoCRRECRIET DD T, FRIERE D) 25
B D(r) D 0.86 50> 2. 0436y DIEHLAR N(2.043Cy, 0.872 Gy) 2 LEBEgin i — i
SRR LT 5 & X 1 IR TRRIRIERIC X b T L 7 4 v M5l A S,

T D b EFRBOFIERE N DTN Tic L 28828 12 IR L& S icliEd)»
HEBIEbLDLIEEAE B Ui, ZTOX B LS W) B D AR T
WNZ L AEE LRI Lo TEX B 2 LR TE I &1L, PR OIEE A BEE
LR\ EHRERRE IR DA HEROFEII SN ERT 5 2 L 2R LTVD, &
PHERD TR LRI G OVBIER SR L COBOTHED 2 450 1 OFIRGE TRIET S
& UCHERIESES D(1/2) = 1.202 Gy & L, ISR N 202 Gy, 0.613 Gy) =L -THE
Fridk, X 12 OARES LTS ERO L 5 ISR B8O TRIEDSRR e E L A
0 B2 o RHR M REIERE ORI L7125, 00, FRORESRIOL, R T
X OHRCER T HEy &, ARG X BINTHIRO N0 o T, SR OEIS O
MR E & FHEROBFRIEED 1. 5 ZO¥IEE D(1/2) = 3. 606 Gy DOIEHLSA N(3. 606 Gy,
1.539) HNTRES & UTHITT 3 L 12 OAREST LIz AWERE 20 | HoaisE
RIC LA FERE L TE B LR8O OIRRES /RS, Z0I i, FRICOV T,
R 7R RTiEL D(1/2) ZRe ARSI LA ERER & . A&7 D(1/2) 2oL
HHRIT B INERIRO 2 RO BEHRAMENFEL . SPEERO TR BOMIEORIEIC
LB LD THDIDE, SRS N RR OB EOBMEO KX BV ETREL TS
LEZBNS,

3—4. SMHERARERICE D RIGRROMGHEETYIZ & HHEHET
FIFFRIBOSEIRRERTE

BIFFZ RO THBMEERBIERICOWTE L OFRERS 1 . PIHIESROBEE L2 i=ih
FEC RO TRMHERBIEDEE 2T R CORFEMNR LTS, Z 2 TR HH 5 kn
FETITOWTRIMAEICE Z bl BIEEROFHRN & DA (<4.5 km) BLUHNRE
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FIFAA (<5.5 km) ZJAV, fBOHID 12 k¥ COBIENHI W TIL, BIFROB 22
T RARFHPNELED CPABREE 9.5 kn) 3B X OWBRETARINS 2o T RIBTTANARI (74
PEHE 112 km) CEBOHINE12 kP NOSMERFESERE (HOT RISV fl2bood
DV T—IFR-HREIR R T HEE SFAHE] Q000ERT)) & MAWTHET Lz, 2k,

ZOBEFEEDOT R TR E SR S TR EE BT o piainsE (F
A1 38 A 1 H, B ARSI T STARE ST et NE L Db,

IEIERC BT AIERISIMER A FLAEE (PTSD) ThaliEmIiTonTng, 22
TR R ST TERE L2 & DR o 7o 2 L Inh IS B £ 2 K5
BRI TOTHAS S, LirL, EHRAOBEEER Th IR & TR0 8%
EZNE, ZOHRE (BNTFEN . - - D) 2HEEE LW BN OBEEETH
ICERERBEERH 7= BB, TSN -7l EREBETHD,

FIFFRD TR 2358 o -l HBOHOHET 3 km OWE LHER)HEICRL
DIE 2~ 3lan DHFPICHO-HIRCHS Z &3, TRV BHITBARAA THIFE- 7=
IV R =T SO Lo TEMT BTN D, HERHERE TH0 ST e S R
ThHETD L, ZOBLHORTOMISOSMEERIERIKE W& TREIND, L,
X 13 {3 & 5 IR O RO BT ORI T RTA M0 516 & FRRED 14% CTh 250
DIERBIESRIID Z > TIE W, T LAKHITERRNSIE & A LR BTt H A0
I DEFE R R EME OB TRIOBIESER, RO & = BRRHIX 08
HIK J 9 K& 2 B iR & R 3 BV iR En DA RS Res ik e & DR e
BRECFREMZTRL TG, BLLDZ LIIBHHEE THORER TROR] g7 ok
<\ FFENRMRIRICE R - TR TEDB o R O H 3O TR 5 E 0 BifR7e <
IEE-BHoTeZ 2R LTEY ., BFEOTIZIEN L O a0 g s
Bleb L Z EEEIT TV,

FRIGFIROEERERICED ORSHERE TYIC & SHROEEE .

NG L RREOPERRE DM & BT X 5 G - RIEROBR % ¢ koo
HEOWBRERZRRFT U, K 14 [ORENTVAL S ICHHEERICR Z bivcRIRE
KA L BRSTFREE TIHROHMNE 3.5 ~ 6.5 km T8I ARERERIT 0~2%THB
DIZRIL, 1999 FZB 2 ivhnioEERR BT 2REBEORERIIRIGTHNELEE (4 ~12
km) T2.9%, TAMEIZEE 8 ~12km) TIHESERREVIIIIEILS. 4% ThHD, 1999
SETRE IR THONEIIRIC L 5B TRIE LIZHBEEA THDDIZA L, RillE
KR BKREGFHETIEATOROARERS S, x 27 4 v MIBWTHE, B %<2
BL o, RIGHNEIE 6,857 A, KO@H) &REFHINERLE (1,211 A, XKOCOHD
FNECNOREROVHEAE RN, BUHHE 1 m~12 km Z2FE DTN Lz, 14 i
BohdE5123.58 ~5.5 kmiZBITA7 4 v METARRYD K< 2wy, '

X 15 (38 b O T L AIRE TH S, BLHE 3.5 kn CAIMARRE
DEELIFHTEI L THDA, 1.25 km [ZBITA E— 7 {HI3H 1.3 Gy TRB LD 305KRE L,
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T FYE R RIRIFE CIURBIRBOR 1.37 ERLERSNZ L LFET D,
JROHNS 15 km Dha ClIfIEeisgiRis FRI23BE L 2o A bAE AL T
Do 5 km B A D & HIRPENITRENM TN 12 m £2T0.4 6y O—FlL 7D, Zhud
JEEFIBD 6.5 kn X TO—E{E 0. 15 Gy D 2.7 {ETh5, BRFIRORBHMRE THOBNE
BT, SRR Y — 2 EDS REO 1.3 i, EIEEEO— TS 2.7 fEiin ol
BRI, OBVERN IR BRIRO 1.37 (E8hoic b, RERIBORERI 7 &
400 FLED 7T 235 IR LT, $93 TR0 1 BRI 2 7 4, 110 €070 k=175 239
BHOLNEZD, TAT e ~~— 2o LA RERRg IR Lo ety K3 24T
L Uiz X S ICEIRDORFEDLR O AR ENDIT, FFEOTF ORSHRRFORINS
DIpio T ATREEA EANE 2 b b,

A O RPEERBER ORI 5D LB & B O BGHERE T L AR OHEE,
5 ITRLEL I, FBFEO TIOR3 L OV, 2z BEiefasS'T
BTN RE L, R, R YR U UERPNCEGAA TR S L2 L 2SR
T5, ZOIENFERREROHETIIEES & - THORYORRIRE L TR,
FREZFEEL TORVWEHEE L B RN REEFREAVETHIZ LE2TRLTND,
RIFFEDHIN (%BD & THORBEEIZED < MEHERTYIC L 2HEDHE

16 [CEIFEKRIC L 2 BGOBLHIINS 4.5 kn £ COMBEEOMRE, Hil, TRIORE
SRS b RARTR & D BRI L A OHD S 12 kn F CORIGHELNES L ORIETANE
OHUKOBIE, JEBE, THIORIERORIER S E L0 TR, BlERHEOLLm S Lz
IR0 OB AR THIL ERED AEHTHADT, 2oL E SRR L OWEBHSRD
BRLEELTx 274y hEBIRoTr, RIHEROBIMOBERIL2 ~4 kn 12BN T
TREDOFRIERL Vv ) KEV—F, SRRECSEEERIIHEBICL L TREY, £2°C
HMHS L O D SRR R AR E LA L THB & LTI L7, TR W CHEBDE
HEFERE, ERIERBRAIED 3450 1450 0.8013 Gy & LiHgE L., ZhiigHEET
PR B THRIOERIER R LIENBEHRT IS 1. 5 fE0YE36IE2R 3. 606 Gy @ 2 A%
GRHD & LT RIT OWTHEIT LTs, T bR HERRIEROITICE SO -UE b=k
BRREAR 17 10F & i, HMLE S UMD RESR) HS DT HIRTERE TR s L 5 iR
BEOL—71%, REOQY—7 3 80#05 1.3 knm T 1.3 Gy THo7zDIZH L, 1.5 km
T0.95 Gy DE—7, FHIOREE)HIL 1.8 km T0.65 Gy DY —2Thot, BH)»
5 4 kin~12km OEFEECHE, 55, FROBEROTLTHLIFIE—E LK 0.4 Gy @
PR E DN, REFIECIE, 5. THOERCE IR BV GRHE—E
L7=Dizkt L, B CRIESRM RS TYOBMREEDO 7 EN B0, v¥—7 OMER
PN TR EDHABRORE, THHOFRRICOWTILE LI &6t TR L
T & & B, RO ORER EORREH I OO TG EERLETHA 5, WTIUZ
LT ERFEROREEROFIT IO 200 T, PLEORRIZ YT E bIKRED
SHIBFRENTND, LvL, RIGOHESER P & 23R ENIIRE S RIFRE, HBH0
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PIRERRELL LG, AT B LA TWA Z Ei3 b b e HER S B,

4. FEBSHCHEIZ& DR

19657 SERMRRMEEMIL, SOREAT R BRI S n DINOELEC Ao kb
SHEER B, JEBE, WG, TR, BRI, L) OREBROHBEAAE L thi
B 18 1ITRT, COFERRIC L ARERERE L & b ICHEREEICE 5 & LT
L, ik, BEBGIRROSFRE TR T3 & Shas, BRI TV SFHEK
S E O BIIRRT L & ORGLA R ERIZ L > TR L VBB LI ELZ DR
B O TSR 2 Ui, B TN CRW B EIEH AR O BR S E
ERMHRRORIERRE V. FBRTY B 0 ATTHHSEE OWRRER JUBIRREN 2 47
DL/ AHERAED 2 2DRF A—F 5K 18 ORERZ x> 7 4 v hE®BTLIZE»
| THT, AEHEROE (MA). S53E (@EN), TH (AFD D&, (T6108HER
DIIESE (FIERCH]) ZPEOLERIGEE 2. 4046y 0 0. 41 50 0. 9866y DIIFEIERES
FWTHRIT Uz, BB T A—F & R\ B8 A ) S ORI EORIRE D
OB 19 1R, FBRTYA, B35 1 kn DN A - ATTHHES O TR0
IRIENT 1 Gy~1.4 Gy . BB DLOIRT 7.6 B CTHRTHI8E80T 11 B, THIRX 15
BTHEE L, (oD RMEREFIE L EEFEH L0 16 ARLECHEET 5, BERE
T HHEE UTe Y B AT O HAERE 1.4 Gy i@ OH5 14k (2330) A FIHTHEH S
BRICHS 35, HENDHEE LB E G L AR08 B 803 7.6 BT 2 54
IREFRETIRIREIRD 2 BRMAIL 0.3~0.4 Gy 12785, ZAUox U TR A B oAt
SERFERE DI AATOHED Ln SINHA Y OVBIRREI 1 6y . BIROIH
HEILM 16 BT 2 @IS 0.5 ~0.6 Gy OFHIRT, ZiUTBOHS 1. 60~1. 65 km
VBT AR TS5, S0 L AT L kn SANOSEHI AT Lz
Ab 0.1 ~0.3 6y OFEHEHE D LOBEHEHRIC L SRV EE R RIT T
BLHEEEND, '

TR b DR RO SRR E ORFRHEIEIC DOV T3 DSB6 #EEE D Vol. 2
T Gritzner—Woolson DFHENHY | FEHEFE - BMIZIFHC L - TR S g,
FERRERRIE S [F UdtEa AV IR 10 IR OHIASIEE T 0. Tha £ T, FI45T 0.6 kn
ECHERR Z & OSNTHIRGESEBIT DO S, X 19 O FERCYHESANCGIE L
R R L B, JROHDD 0.5 km BEU 1 km ICHEEER T & E DR
SNIHRRSRENR T v hERTWA, BOHINS 0.5 km HSITHRER > SIERFIT T
% 0.09 Gy OREFHIRRE CAMPERORERFHFICER, JORBIMNIREE L
SPHERFIESRD HRD - PREE L ORERBENG., BRSBTS CRIE: 8
15 U= iR Mg & ANEEUC L AP HRR RS EE TH D - LR,
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HEHRAR T TS & bIC AT B, T ORI DR AR A
BRI ENBT2 T, KETTHE D RINEZIT R OIEROBE, B0 ZFzeksl L
TR 50 LIFRRD, FEHROBAITE, Tl “FUZBHE L T4 5IRF DM,
RN h A 32O R T AR T~ T, Z OETF ORI AEICHD T B 0T
HD, &ZABERPTEH L EHECRRERS BB NRRICRE LEERBIIZ 0F
AREYLBFEDRINE R LT D, HROFFERIHUE DI SN~ —F IR OR
Iz Lo TR A 0C, Hik 1n ORIREHEIICEL O BEEORREL TH7 Y
DIERETD,

5. REFREOEEC& HHEREOHTE

REEREOHEE |

Sasaki & Miyata [Z1967FE0 5 145, Hﬂﬁ*%ﬁ@?&%&%ﬁ@ﬁﬁ%fiy g
SSERYLORRE AT L, WIS & B ET R o AT R I e AR B
DEEIN% BT, YR EEOEE D LROTIRFEOR 20%777, [X20i2iXT65D (R
B BLUDSEE (GHR 1oL DHHIFGHRA SR Y O DIETER ORI TN,

BRI\ W EEREAEAREE SR, RO TR THORET. 5 knfHET
E =7 iKYy 0.3 Gy L, L6 kmfhE THEIECR# R % LE D8R8 e R LT D,

TEERIEY L7 EROYARIRELE M HHEE L I RS L2 8 O IPHT IR AR 3D T,
B2 72 LIt L CR T DI OR B 2 (VR L 7= 7= b DR 2P ER
HRESEN T Ik U721 D TR EERA b OHEE DR 3430 1 OB BHERIZ /o T v TREIMEDS
bD, NRERAEREEH DT LI iRRER 2R b OHEE L D /S0, Do
ESWVHRDH BIHND 5 kmGIELER L O REWEIRTZELT LTS,

FORASEIT I Z o e BRI R AP SRR VT TV — A Y RED 1. Schmitz—
Feuerhake» P. Carbonell i%. Sasaki &Miyata ODFECE BRI S (Awa et al.) d
Yetr KRB DR R L, [ 21%7R LT, Sasaki & Mivata ODF&CD 0.01 Gy AT
OBRHEIATHIL, R THOBN TS Lloydb oy ba—/Lo#) 265, HEHFOME &
PIEMBRO = ha—A & L TN A BIRERIEI TN VD5 T-NIC (ot in the city)
LTEEDAEERHIT 0.01 GyLA T & X T BBl 2’ 4 (L L oG is
OB > TS Z L2 LD, [E 21T Tokyo &FREILK Sasaki & Miyata
Mz hu—b & LTI RE oY RS OB RV L D /NSO DR B ARDRED
[N h &2 BID, HEAFD = b e — A DR O AMERTES 1 v 450,
BURDIAZLL ERE N L IEipEEiRE & ATiEE O BN L AR R
LT3,
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6. MEHa L b O—/LEEORFEIEESOER Y X7

7 L— A L KRFOSchni tz—Feuerhake B I AF ORI - B ClRE OV
R %Rk HENTHFEREERE I IIATIEE NI &= he— U ERCHOTNS
Z LR RS, AARADTETERSL B UNIFIERY 0 he—/UEN L U RO
3 Ne—/LOEEERRE U R 7 BRI, FORRBK2 THB,

(K22 > C@EIATEDIT L A BRI & 0~0. 09 Gy OEIFRESESE (65, 134.0) DIEVER
Y27 OHIBSANIC (26,523 M) DIEHERRTY 27 Ch D, ZEHERY A25 1 Thh
THARATEY E R CROFERDRR O THD - L0253, 2 CRE, FRFE2ET 1 &
DINE L, BREfD = b r—/L & SIIERERES ENICI AR A & 0 —eicid
ERETHD Z LT d, ZIUIHR L COBEMORTIR Th SABCCHSIHAER 2R E L
1950EE R A E BT AT BOBEEN LD THA b, BALHEREESET U A « A
FaT— hBERLTWEZ ETHB, & 25T, BIHEE, FIRERED S OIEERRY
A7 1 X070 REL, FROBEHEERIE R LR A, ERIES A, BHLED
RIERITI DR O REL |, BEHRHANC L 208 oFEEER R L T3, AL BNIC
DT Y A7 73 1 L 9 /NEW23Schmi tz—Feuerhake Z3# 13 IQSOQEE TAH L7ZNICODH
23530 B ANO BHIATTE OAES & HMEOF T SEIIRLATR Uiz X 5 IAEH SRR Y 27
R 2iciBZ EHRUTAS,

WL IHEATD D = o b rr—/L &IN5 HRseHRRE R TR RE & AR
BRI LRI LT, BN D 5 Lot 2 A AR AT & ol U CFgE s hudii
FREPIROMITRIC R E BREE L2725 5 LU= T3,

I BT b — VR R RS B kA SN L M58, MRS T
IRERREREE A TR & 2 > b e —/VERICR IR B ROEIIE LELNR T L
£ 5, ZIUIABCCR Z N E F RO T OB e S R O R 2 T AR
&= w950, BEEEROEELZT CWATEERC D 5 Ui-iEniom 7o R4
3 ~_R& RNz AL THS,

7. SRR & FEMEIRDEL

PLERTE L5, BRI HHEE A U EEEED O GRS ER T
IROIRRESE 52 TDWD 2 LBEESNAN, ZO L 5 R RER ORI ik
HRODHEEREIZ DV CRIFFE 2D i e B 7V, FRRIHOR M E AR B8 L TR &R
§EITANEHRRI SOV ISR MEIE HIC L BBSERH 2 0T, I 2 TR T DT
H@FBITI A SRR E G U TR A D 0 2 27 1o L L O R 700
PHBREIEN T O\ TEES B,
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JFIB DY K AR I OO H v~ TR L B8, Bl
BV 0ICR 23 DRI & 9 AR R S b AR s T, K
ST 15 BT, B ERS FOBTIC T RNE 2 5.2 TH T2 E 5 ShErER
ICEoTEIERZENSE (K 23 DEFD, F0—F, NEROMREELX b TEHET
BB, AEEOHGHERR 7 2 NI EGA A TZEAICE, B3Py 7 SRZET ¢
51X OHEES FRFAT > TRE 2R L, fil2ds — FIEHREC, 7 A
R N1 F T KIEIT LV o T BAIT, STROREEIC Lo TRIEDRBESCBREICED b,
BT Lo TIIERTEREF A bIBE &, £ 2 CEPRRE S| X2 F, —54,
HKREED T 7 v 2 L UL DR E S OFSHERRIFOBE, PN A TR >z
BOAENTHEOFZEY | FNO & ZofE Lo & S BT b ik
H SAL 2 BT Ko TR 23 IR Ui L 9 W BN E R L7~ gl 251 B,

BE 1 270y (um) BEOHFHEHBE 100 EEOHSHERAERESEN 5 TR
b HDDT, WhiFORIOMImIIES L TESHRERZIROD, U A— MVEEOREIC
AV NESTRYZ RS S8, SSRE R L EBRERE, &y T
7 NV & BEIN D BRIz X A NEREROBTA S 2T DRRUC Uiz Emni s 545,
Y A= MDA Y oy MEZVHT U 7B e TR LSRR L hgRe, 27y
LAULTCER w b —F g 7 p BIRETRIC I S e T VT 7 B — AR 1 A BRI RN
DFERELITE ST BRBOT, Fy b3—F 4 7 M L BNEHROEZ S 2 HET DR
PLE AR B0,

EE T um & 0.1 um ORGHRMHT FOBERF < & SBDHO IR E

B TS & &S RO O -5 & A2 BONTERRL 703780 L T e &
HEEINDN, FO1HE LTRARLTF T L 95 OHEERE o< bz a=rh 05 &
=7 95 BETe 1 IEORGIENH A L AR E 2 5, .

BnBcol BRERA barF b 95 AkERE &b FR LT, BFEIZSENR, X b
CLFIN 95 o BHME— Av U TA 9 —BREE— Ulo=mh 05 — g HhiE—
=AT 95 —pRE— EUTTL 95 (RE) ERAICAEB (K- EHEHLTRER
HETDERICRWT, i EOREE ORISR T E UGB L Oy =
=Dk 95 LS =AT 95 1o TS, FITEEL 170y (1pn) HHVEEE
0.1 27y (0.1um OEMLIA =L 95 OMRTFIMFENICEAThES L 2 %
Z X, FEHER T B ENTo_— F T Lo TEDOBLDMIAD 2 » BN D108
BRI F DO L > CED L dicEbsheRd, B 24 1IR3, 137000
K& EOB{L N2 =7 MRET-OBE 5 THEOHEME Vo= b 95 ORI
# 64 BT 100 FETR/NV A EDT RN F—DR_R—EZ @A L T4 95 IZHEL, =
A7 95 ORTHRATAWIA 35 B TA—FEid 5, ~—F ML > T 24 IR L &
ST, PR TICHERE LMk 100 Gy ##B% AEUEAVIRE 2T, FOREEOMINLE
FUTIR S H AR 5, BB 2= AT 0.1 S/ oy oRkEx Sioi
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% & PR FEEEG 1000 430 112725 O CHIREED 1000 00 11225, ZOX 50K
BRI FORE SIC L > TN KE S B, FTFEDTHE 10 kn

DI EOREGHN 2188V CHEE L 7R A0 50% B8 —HRICTEM L T\ k45
& 13FA— YT 0B LB A OB 0N E > T Z &2 d, F
RS 7o L TR BB S | km~3 km CIEE HIT% < OBROHEMESF
PIET L, HERMGE TIIHRIC o e AMERR LTEBI T3 B B D2 8 LT, S OITHERTE
WL T OFENEDP->T-MREN b H D, I 9 Lk 2 KREICEEICM 3 &8, EPc
Ripd, B 24 WOR LIS & D RS ER PR R A RN O BT CRE - THIRSERR:
Ko TRENTRBHEHNC L DR RT3 WD H 2,

8. MEBHEFREDOIERESE & EREEE%

WO EE A ISR > TE AR R LR CERESZ D

AT G T & - L AT RO B A L o 7o < IBEL T,
FHACRBNC L DHIRREII T L > THIBEER S0 L, THRIC 10. SASTZVfAIA
DS ATCHLT B0t ) A7 BRDTND, BFEBADIELY A7 OEGEHIzE T
A5, R 25 IHEETT AT B A OHET 27 Th D, X 256 OEETI) 5]
HARRHRAS 0~0. 056y DX4y, 0.05~0, 16y D4y, ..o+, 3~46y DX4y, 4 Gy DL EDK
TFOMERT Y A2 BNEA TG (G RBE ORI Crag R BEH L AR R E
[R5 0~0.005 Gy & LTWA28, I 2Tk 0~0. 056y MRSy & LCEIAT5),

RSN AR E CHEZII 25 W BE HIRAR B3 —3 0 12V 0~0. 057 LA
RN A T DI RRHREE 2RI CE 3 & LTy hr—UEMIZRY, ZoX
AYORERE U R 7 ARy - .0s=0. 1054 %488 L TWRWEERI DR U R 7 & LTV, FHRE
BUZ L DTRRED D Gy DRSO T R 7 ARD) Z#55F ) AV AR, 5s=0. 1064 TH|->T
HRERBRED DGy & & IR Y R ZRR(D) 23R TV, F7295H RR(ID)=AR(D) +0. 1054,

B OV ENE G 25DERITRENTIEHNY R 7 OT —F 2EEREGHICERT
[BHEERR & FRIN DA KD D, TORE, BRI TOBEERIENNT —F L LE
REND, PG LA HIREER 0 DO ESICA - THO B8 AR E< Tigt
FEMEVOTRARIEL, ERERII - AS07F—Z 28| bh, Zhb0EMEE
WTND, FRCERSZMID 0~0.05 Gy DRESOREITE b UM {FEEFIIEREIZEN
TRAZR, HEAFONEEYE IR ORIFGERR BT, ISR L 2R ER 0D
FEOHETH Y %7 AR(D) DEZRDTHEIRL QRO ADMES U R JTAR, &35, TOME, AR,
=0, 1048 THREARED 7 LA DXLy Ot Y 2 7 AR(D) 28] THEx U A Z7RRD) 2K 5,
EHEH AT HIEAR, DEIZSINBHEIEDR, LA L 0. 105 127250 T, PIEHETEE 1>
CHIFIEBYE LU A7 133 E A b LRV, TR ORER B L TR
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BT RS TBRY . SERHERELNEENEL R DR E ], REASTRAER L
HRAT D> ER B ORI X A EEE B e WM T D RO Z & Ch B,

TR T X DR RO EN —HRIZ 0.5 Gy THDHH, HDHWWHEL Gy TH
B &5 L HIHIERR 0 OADSIIEEIT 0.5 Gy HBWE 1 6y 122h, FEED
PR 0 DADKEH Y AL ARO) HENRESE & bine A FAICEE LT, I
RN ~0.5 Gy HBUVE —1 Gy LT AD ARDAE 0.0923 HBUNE 0.0798 & Lizith
H257000, ZoFEsE R ICUTERZ TSRS Y A7 RE< 25, Sbi,
3@&L®%ﬁvxﬁﬁ@%ﬁﬁb6fhfwéwi HECFOLSSHS 19604 CATECE
RO TIRE R EA TN LICLATREMEEZ R LTS, 202 &&#BELT, 36y
LTFDF— #7210 AV CEIRES 2R 5 &, EREHOEERREARB0T, o
PUERRE 0 DY 27 AR, IXE BIT/NEL 2D, B R7IBELIERELLRD, ZD
OV ERE R TR U A O IT LA U A 71, hE RWTCRIEERR
TEFEPYHBRIERREN DRI T FRE & o T3,

9. HEMSHRFZEERA L IREMEE] OXE

E%éwﬁ@ﬁwﬁgﬁmfﬁmﬁﬁjm\m%ﬁwﬁ%ﬂ%ﬁ%ﬁﬁb\%%mﬁﬁﬁ
12 L BEEHE TR LN U AZICESOTEE SN TWA, FH%h, a7

m%m%xwtfﬁﬁﬁﬁjé\M%ﬁ@ﬁﬁtk%tﬁAﬁ@&é%%ﬁﬁ%@ﬁ%%@
AP S Z & WEREHFOBRATH D, & 0 DITIFIRIE L Skt 2 R TE LAREE
g% LB 132570 AR o CHEHRRE M EOm BT BT 5 AR K E VWD
T, FetHFEHOEEL -2 2N D, F0t, PR E 8 Lo oS
TERICESOTEE L RINfEE] 2RAVAZ LIE5ITEEL RKE{T5,
E%@&&%%&mﬁmﬂm%)xﬁGmnmﬁﬂuzy(m)mgl%awfkwé
IF|AREERIZ - D ERR% RRCE|> TRD B,

(2612 [EFEAS ABETSHERT U R 7 2 sReb 7 B ASE CORRRESR 258 L, R
# IR U /- OO R 2RI SE 0 B 3R 6O T BT S AFEL O JRIRIRESR & Hs R T DRk
FER L RARER L OfEE, & <IZRERESER 0TIV E ZATRE, ISk
A 0 & S TRINRERD 0 & oo fmililias o ATHIRIRE S 0.5 Gy OREHGTHR
WRE L QOB EEIE. JREREEN 12 % (36yETOF—# e E-3< BUREE v e
JFAREETIX 16.5 %) 12720, 1 Gy OREHGREIRE L QO A5E1RERERY 24%
(3Gy AT T — & it 3< ENFES A F O EERER TR 30%) 1oid, Zok HITiEE
HEHROFEA R | T R ERS ORI AERIIR EORHBEE I E -7 <A TEEDL
RN LI B,
[RUISEREE EFRRA D HhE R
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R RS D B DI 22 o T DGO art, [RIREESREZES (ABCC) 28
TR ST e o T ABCC OOPIIHERIC L DN HBR OB EFHIET 5 2V S0
FRRTECDOEEFENTND, O, WREOFHEFIEL R T SIEEREER, e
REFE OB, BRISHIEEOEWEER Y R 2 1B ST G R Ik & e i
B2 7= A TREtEH DIZ b 2 PRGOS L2 H, 2O LHHRL CER, Z0 X5
- TR IR O R R RS & AR SRR b O, ZO X

PRI S < JH R 2 RERAIC AN D - L IR Th D, TIVETORR
TSR I DHERHIPIE, BRI L 7l 21T~ IR R X B
AR DEBERD, FERERIFEE RO NS g OB A ZE L T VWO TR
BdHsD] ELTHBR, SR~z &k, 25 Uik B ENEMATTH 2,

10, F—JL * BF < h L2 —ORIEITHSHEE THIC & 2R EORE TR

[EHRIA ST R & MRS BAREUC LTV A ME—D BYFAORIEDS, Bido TRV K&
(B o 7= PG LU OB DR —b « IRTF o « BT AL BB T ASTOH <D
19695 & 198 LFEDRIETH B, V=T 1 « 7 0 Z—Z LARIESHEL, 19594 ABCC
DOWFHE DIEEHGRC L BN HREE TR T 5 & LTCREIRTHZEES (AEC) @
MFIBR LT L 2 A, v— v VOFREROTEEIZANTCOVek—L « KT 4 - D
»F—F& NG - RIROWIGER, $d8EDHEND H o ~fiE HETIUIEERLSRESR
WZIRBTHA I D, BREHERC L 5H LGB TE 5 LB L TeZ &0 /e-
CTRERFHEEESOWEN SIS TNE, Z0& & OFEIETSNED T,
19694 L 198 R B O RE|KROHR— - BF 4« B9 v F—EHNCELBEORR
FEOEASTEREL:. MBS 2 EORFELLEE LT 7.4 £ 0D AI3TH
N B I & BT,

230 AT DR FEEDEAR O HRINIHB0ETH B, HFAICEAER S LR K
ERE L CTOHFPRENT o THIL00 B CRPICEE 5 EiTEmic e D, T AR
EWVD, FUEBDHRMHERETHE L CHEEEZICENICEIAEN =B 7 A1370 8, 1008
T 1/2 12, 200AT 1/4 12, 300AT 1/8 12, 14RBICK 1/10 1272, HFa 1Ko
LT, 248 5BDI98HEITIE 24 HiTE L TEREIT o Tnd, BSELLOF—/L « R
T AU E—ORIBIS oo Ly K137, LR S 18 Kic gk
TN U ARTZRGAL, ZAERA7%E L THHEBEESRIERIOIET 1 FLIPICE
WMLtz A13TTHD, E LR 7, 4FRE LD @ SIogEnndE
VU AT REFANRRR S Lo CHERT 5 Th 5, ZORBEERRE A
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TR R T4« BT F—FHOTRE LY T ALITOEND, WHILHUSGIES ©
FREGEREL KD T, TR TYIC L ARENSR R B R RE L Vo b
IEW) EIFBRL BN, I ORFEIRIG R IHRE I HEHERE T i) D EEEHANIZ K
BICEGAA T 2T AT DOMOFEHEREC L 5 RO E & ITE B R 672w,
DS8EHEEOF 6 HIZMSELL OflECREEREOHFES T I TODR, Zo
FOME TEICERA CHIRIER R £ 2 CERTUSENIO ERIIT IR B2V,

11, F&&H .

DBk 7 & ORI L E T . ORI RR I > TR Y |
BN LR A Db DT D . A9 S b IR A ED TR 2T
ELOTHHN, HECBIETHEIHE AT LTIZE LD B,

1. DSO2HIHABERROHEERENTERE 2 S LT A DRI b knETTHD, ThEl
RN Ae o T B RTREPEDSEL N,

2. TEIERE - ATTESICAMERDFROICRE LTV A D L IEROTE TEMT O
T3, DSO2O/ NEHEAIEE Lz & L THEMEERORES DS02 T4z &
ICE R, BRGNS AREAE . XD R R,

3. BEHHUED L AYIRICE LT, TR R R S R B O
BERBRIE T B LT, HOEE BRI L T F I DA RS
BIBE L. WO A RPN IR OB BB R BB L TR,

. WRBREORGTHREIIPEERL RN L LTUTI RETh S, SHEERFIEROIE,
PeEERE., FEERY 27 R EOREFERP LRV ETAETHD,

=N

. TRIEE OSMHREIRFESE SR Uiz, BOHE V1.5 knlhiE CrHIgIEIAERER L 0 B
BT L DBRRPENRE VD LR ENT, FTESHERORESORERRE
PR & AR T & DRI o THRE—RONCRREH L7,

()|

. ATHHEE ORYHER TSR 2 MRl LTz, 28RNSO B L kmBIICASD & 15
kDS AR Y T D B A OOTIRRER A 1T T 5 T L AVRIR ST,

fo

. PRIERC L SBEHEOMEE ZE0 L Thd, RiaEIUHRC 1T 58— « K7

-3
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£ BT H i LB N ERR R ORI, BB 5T 1 EA R I L

LT ATORIETHY . HHRER OB T L AR A HETE A LOT
vy,

8. JFIAMESRE, BRI L SHREEL B L T 5 O CHRERIEIR T O a1
HATERN, ShiT, BEREEMEOIRERBAZERHY . FRRIEER LV O HEHY
IREREBAT 5 Z EIIRERRLE LT ‘

9. PHBRFHEL VW IOERLERT LI &3 TRERY) LiI3E v,

HHYic

PA R, ZhE COMRERIC IS < FIBEREEFFFRAORIRORF T R AR
b O THD, &0 DITEEREORKOFEER L L COBEMNO LSSEMDHERIE
ROPAERFHBRIC LT, £ < ORMEERBEFROREOHFITCE I CEENH 5
WIEAETERRRC DEREAHROES R TE RV EE RIE LT D LR L, SRR
AT _REFENEBEENTOWDE L OO0, FUBERE THORANUEE L & biZ, RS2
AU EOEREE & LTI ORI NEERNTH B,

(13 HRREOER

FRRRE DR
WIHIRARIT. X B AR A
c P(r)
D, ZIZT Pl HDS02IC & HWIESRROMETEIE, 1R OHYN DOMERE, ¢ i3
VRGN & P FR R YRR TINT A—F Th D, HEHEE T & HHIRGRES
) = ar « exp(—r2/ b3+ d
LD, ZIT a b d BBEERCHOECRDDNATA—LTHD, CHBERE D) 1T
‘D(r) = ¢ P(r) + F(1)
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T YADATZ A—F a, b o d BB HEITEIST 410 KEEL, TOHEDS
Z A— 281 3 Wiz B, ' '
x 274w b

INBRT A—FITNANA R 52 CTHREREL R, JHRRE - REROMAE
OTHERBEREFE L, TR RERICR U (RS0 5, HERIES S
PERISIESR D 1 2R TS, « MIERFRERRZ b ic MERIES L ERTIEE
DIEDV I 5 BERTIEE TRl - To b DERYD, e T _TOMEREICOV TNz Hbt
B ThD, T x* = L (EREERERBESI S IRRREER, TR
—ZENANBEN LT 2 NFNTR B 8T A OMAERD B L& 1T 4 v h RS,

£ 3 * *

X THOAREERA S WAL D 4 27 4 v M iR U TAMBERRIESR P bFA TED
NEBHEREE I RELDOTH D, BHHERORIERE x 274 v b UTHEHT LD
Wbl kmEUET, 1 kmBAPIERRRTA I3 Uis, 20EE, (1) 1 mEPIEEIR 78]
WBGREDT- /37 A—F ¢ BRYAE & D & EHRRENR T CRIESEA100%Z
720, R ORI I RS THD 2 b, (2) B0 S1 ke AT
1R A EOPHEE DA E TR L, TRV e DRIEROFFHEZE & iR
BEAEDR VIZ L D RFREE DM T OBEERKE W L Thd, ORISR THORk
SERRT FO) OBMOET a r © r O~_STIEHIS x SN b L REDIED
THBHUYU TR E B Rd o, LER-T, BF a r HROHTFHE I E RS KR
B CHERE R PO T IREE L TR o TV AP L E 2R L TOAIGRE AR, .

PR EL LT 5 knihaoimiEse oo/ N oD RTREE OB DS02 DR % Fl
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Cover-up of the effects of internal exposure
by residual radiation from the atomic bombing
of Hiroshima and Nagasaki

SHOJI SAWADA

Korosawadai, Midoriku, 458-0003 Nagoya, Fapan

Abstract

The criteria certifying atomic bomb disease adopted by the Japanese government
are very different from the actual state of the sutvivors. The criteria are based on
epidemiological research by the Radiation Effects Research Foundation, the
successor to the Atomic Bomb Casualty Commission (ABCC). The ABCC
studied only the effects of primary radiation from the atomic bombing on the
survivors of Hiroshima and Nagasaki, and ignored the damage from residual
radiation. Analysis of the incidence of acute radiation disease, the rate of
chromosomal aberrations, and the relative risks of chronic disease among the
survivors, shows that the effects of residual radiation from fallout exceeds that of
primary radiation in the area more than 1.5-1.7 km distant from the hypocenire
of the Hiroshima bombing. The effects of internal exposure due to intake of
tny radioactive particles are more scvere than those of external exposure,
explaining the difference between the official criteria and the actual state of the
survivors,

Keywords: Aromic bombings, Hiroshima, Nagasaki, Radiation effects, Radioactive
fallows, Residual radiation

Present state of atomic bomb swrvivors and estimation
of radiation effects

Sixty years after the atomic bombing of Hiroshima and Nagasaki, many
survivors are still suffering from illness as an after-effect. The Japanese
government has provided special medical and livelihood assistance to
survivors whose diseases are certified as due to the effects of atomic
bomb radiation. However, the criteria adopted by the subcommittee on
Atomic Bomb Survivors Medical Care of the Ministry of Health, Labour
and Welfare are very strict and far removed from the actual situation of
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Cover-up of the effects of residual radiation 59

many survivors, Figure 1 shows the number of legally accepted atomic
bomb survivors who hold a health care notebook issued from 1957 and
the number of survivors who have been certified by the Japanese
government that their illnesses are the effects of atomic bomb radiation
on the basis of Medical Service Law for Survivors. After 1980, the
number of certified survivors rapidly decreased from more than 4000 to
about 2000. This is less than 0.9 per cent of the total survivors and
reflects only the official political and financial grounds as represented in
the Report of Discussion on Basic Problems of Survivors Administration,
Since 2003 there has been a collective lawsuit against the Japanese
government by atomic bomb survivors demanding the withdrawal of the
rejection of their applications to be certified as suffering from atomic
bomb disease. Prior to this collective lawsuit, seven successive judge-
ments, including those of the Supreme Court and two high courts,
pointed out that the criteria for certifying atomic bomb disease differ
from the actual condition of the survivors, and called for the withdrawal
of the rejections. However, in 2001, the Japanese government introduced
stricter criteria, introducing probabilities of causation for radiation
disease under which even the applications of survivors who had received
successful judicial decisions would be rejected. At the end of August
2006, this collective lawsuit involved 188 atomic bomb survivors in 16
local and two high courts.

In May 2006 the Osaka District Court supported the claim of nine
survivors that the state’s refusal to certify that their illnesses were caused
by atomic bomb radiation should be revoked. On 4 August 2006 (two
days before the 61 anniversary of the Hiroshima bombing), 41 plaintiffs
in Hiroshima, where 49 per cent of the 260,000 Hibakusha who carry
health care notebooks live, also won their lawsuits. In his ruling, the
presiding judge at Hiroshima pointed out that the contribution of external
and internal effects of residual radiation in causing illness needs to be
fully examined., The government appealed to the Osaka and Hiroshima
higher courts against these decisions on 22 May and 11 August
respectvely. _

The criteria for certifying atomic bomb disease were based on the Atomic
Bomb Radiation Dosimetry System 1986 (DS86) and the results of
epidemiological research at the Radiation Effects Research Foundation
(RERE), - the successor to the Atomic Bomb Casualty Commission
(ABCC)}. The RERF epidemiological survey emphasised only the primary
radiation {gamma rays and neutrons) emitted within one minute of the
explosion, and the effects of residual radiation were not considered.
Primary radiation caused acute external exposure — irradiation from outside
the human body.

There are two sources of residual radiation from atomic bombs,
firstly from matter rendered radioactive by primary neutron irradiation,
and secondly radioaciive fallout. This latrer includes fission products,
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Cover-up of the effects of residual radiation 6l

neutron-irradiated material from the structure of the atomic bombs, and
unfissioned radioactive materials (uranium or plutonium). The major
effects of residual radiation are from chronic internal exposure following
intake of radioactive material by respiration or ingestion.

The nuclear-weapon states, principally the United States, have concealed
the severe effects of internal exposure, in order to maintain their argument
that the harm from nuclear explosions can be restricted. The International
Commission on Radiological Protection (ICRP), which has set interna-
tonal standards for radiatdon protection, has been influenced by the
policies of the US and former Soviet Union governments, and has relied on
the epidemiological studies of the RERF; its standards of radiation
protection are therefore unreliable. To clarify the severe effects of internal
exposure from the scientific standpoint is therefore important for the future
of humanity,

United States éover-up policy on nuclear effects

Scon after the occupation of Japan by the Allied Forces on 6 September
1945, Brigadier General T, Farrel, of the research commission of the
Manhattan Project, gave a press interview. He said that at that time in
Hiroshima and Nagasaki all those fatally ill had already died and no one
was suffering from atomic radiation. Faced with opposition from the
journalist W. Burchett, who had seen the real situation in Hiroshima —
100 survivors dying daily — Farrel’s counter-argument denied the facts.
He stated that to reduce the risk of residual radiation the bomb was
exploded at considerable altitude, making it impossible for there to be
radioactivity in Hiroshima at that time, If someone died later it would not
be due to residusl radiation but to injuries received at the time of
bombing. Gen. Farrel was in charge of research on the human effects of
radiation in the Manhattan Project, including éxperiments on the human
body, so that he would already be well aware that tiny radioactive particles
~accumulating in the lung could be fatal. '

On 19 September 1945, the General Headguarters of the Allied Forces
issued a press code that insisted on strict inspection and control of press
reports and literature concerning the atomic bomnb, requiring permission
before publication of any research on the harmful- effects of atomic
bombing. In effect it practically banned such publications, beginning the
US policy of covering-up radiadon damage, particularly of the effects of
internal exposure to residual radiation.

The observations of Japanese scientists soon after the bombing and the
results of research by the Special Committee for Investigation and Research
on Damages of Atomic Bomb established by the Japanese Academic
Council were taken by the Americans. Late in Seprember 1945 the US
Army and Naval Surgeons’ group organised the Joint Commission for the
Investigation of the Effects of the Atomic Bomb in Japan, making the
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62 8. Sawada

Medical Faculty of Tokyo Imperial University a collaborator, The Joint
Commission carried out investigations for about a year; all collected
materials were taken back to the US.

Atomic Bomb Casualty Commission and Radiation Effects
Research Foundation

The US, by adopting a policy to dominate the world through nuclear
weapons, was forced to study their effects, particularly of primary radiation,
on the human body, both for offensive and defensive reasons. On 26
November 1946, President Truman ordered the establishment of the
Commission on Atomic Bomb Casualties (CAC), which decided to found
the Atomic Bomb Casualty Commission (ABCC). After preparatory
investigations the ABCC built permanent institutions at Hiroshima and
Nagasaki in 1950 and began investigations of the atomic bomb survivors. In
interviewing survivors, the ABCC thoroughly examined the sites of
exposure (such as indoors or ouidoors, and in a thick or thin-walled
house) and the position of the survivors at the instant of bombing, in order
to estimate the exposure dose to their organs by primaty radiation from the
atomic bomb. However, the ABCC did not inquire into the behaviour of
survivors after the explesion, which is necessary to estimate the residual
exposure of the survivor, o

Due to the inherently closed character of the ABCC and frequent
changes of American expert staff, as well as bad feelings among the
citizens of Hiroshima and Nagasaki, the activities of the ABCC became
sluggish by 1955, Following the Francis Committee’s recommendations,
the ABCC restarted the Adult Health Study (AHS) on about 20,000
survivors in 1958 and the Life Span Study (LSS) on about 100,000
survivors in 1959, In 1975 the ABCC was closed and the RERF came
into being, but the staff, institutions and projects of the ABCC were
passed on to the RERF together with its problems. The character of the
epidemiological research in the RERF remained unchanged, ignoring the
effects of residual radiation.

The Bikini Incident and studies on radiation damage

The ‘Bravo’ hydrogen bomb test at Bikini atol] in the Marshall Islands on 1
March 1954 had a major impact on the Japanese people, leading to a
narionwide movement against nuclear weapons. The first World Con-
ference against A & H Bombs was held in August of the following year. As a
result, many scientists and experts in various fields, such as radiation
physics and chemistry, radiobiology and fisheries science, took an active
part in the investigation of hatm due to the Bikini nuclear tests. They
established that the fallout effects of hydrogen bomb tests were spread over
a wide region of the Pacific Ocean. These investigations, and other research
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by Japanese scientists, showed that the radiation effects of fallout by these
nuclear tests were very severe. .

Reflecting these findings, the Russell-Einstein Manifesto of 1955 stated
the dangers of radioactive fallout: .

Such a bomb, if exploded near the ground or under water, sends
radioactive particles into the upper air. They sink gradually and reach
the surface of the earth in the form of a deadly dust or rain. It was this
dust which infected the Japanese fishermen and their catch of fish.
No one knows how widely such lethal radioactive particles might be
diffused, but the best authorities are unanimous in saying that a war
with H-bombs might possibly put an end to the human race. It is feared
that if many H-bornbs are used there will be universal death, sudden only
for a minority, but for the majority a slow torture of disease and
disintegration [1].

The year 2005 was the 50™ anniversary of the Russell-Einstein Manifesto.

Exposure of Marshall Islanders

Following the Bikini nuclear tests, not only the crew of the Japanese fishing
boat, Lucky Dragon, and the inhabitants of Rongelap atoll (who were
evacuated), but all the people of the Marshall Islands were exposed to
radioactive fallout. Despite their heavy exposure they were left unattended
for a considerable time. In 1967, the US army returned the inhabitants of
Rongelap to their atoll as it was considered safe from radioactvity.
However, due to frequent illnesses among the inhabitants, including those
not exposed to fallout, they left of their own accord again in 1985. Recently
it has been found that the US Atomic Energy Commission, who conducted
the tests, had made thorough observations of radioactive fallout during
these tests but did not divulge the results to the public.

Even today, half a century later, the inhabitants of Rongelap are forced to
neglect their own birthplace. When the Republic of the Marshall Islands
became independent in 1989, it concluded a Free Alliance Agreement with
the US. This includes compensation for the use of Kwajalein atoll, the
largest in the Marshall Islands, as a test site for military missile launches and
for the damaging effects of nuclear tests, In the 2004 revision of this
agreement, compensation for nuclear test damage was discontinued by the
US, which argued that there are no ill effects from residual radiation.

The result of an investigation into abnormal births among Marshallese
Islanders [2] is shown in Figure 2. The rate of abnormal births per
woman in each atoll of the Marshall Islands decreases with distance from
the Bikini atoll. This clearly indicates that the effects from nuclear test
fallout extend over the whole of the islands: the average rate of abnormal
births in the Marshall Islands before nuclear testing was only 0.04 per
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Figure 2. Abnormal birth rates among Marshallese Islanders.

woman. The inhabitants of the severely contaminated atolls, Enewetok,
Rongelap, Utrik and Bikini, set up the organisation ERUB on the fiftieth
anniversary of the Bravo test and began petitioning for compensation to
the US Congress.

Revision of dosimetry system of atomic bomb radiation
from D886 to DS02

For the ABCC and RERF epidemiological studies it is necessary to
estimate the primary radiation dose to which the atomic bomb survivors
were exposed. The US estimated the radiadon exposure, the Tentative
Dose 1957 (T57D) and the Tentative Dose 1965 (T'65D) on the basis of
nuclear tests. The dosimetry system D886 is the first computer-calculated
estimation of primary radiation exposure from the Hiroshima and Nagasaki
atomic bombs. DS86 emphasises the primary radiation over a short
distance but largely neglects residual radiation from failout and induced
radioactivity.

At present, the Dosimetry System 2002 (DS02), a substitute for DS86, is
being prepared for publication. In DS02, to resolve the over-estimate of
primary radiation dose at short distances in DS86, the height of the
Hiroshima bomb explosion has been changed from 580 m to 600 m and its
explosive yield from 15 kt to 16 kt equivalent of TNT. Leaving aside the
problem of clarifying the discrepancy between estimated values under
DS86 and the experimentally measured values further from the hypocentre,
the preparation of DS02 is influenced by US arguments that measurements
at a distance involve background effects other than radiation from the
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bomb. Estimates of primary radiation (gamma rays and neutrons) from
measurements systematically exceed those under DS86 and DS02 further
than 1.5 km from the hypocentre, and the discrepancies increase with
distance. Even for primary radiation, estimates of exposure under DS86
and DS02 cannot therefore be applied to distances more than 1,5 km from
the hypocentre. Furthermore, DS02 does not take any account of residual
radiation.

Physical aspects of internal exposure

The fallout from the atomic bombs of Hiroshima and Nagasaki included:

e 3.6 x10%* nuclei of fission products,

e (2.5) x 10** nuclei of neutron-irradiated material from bomb equipment
and container, )

e 10°® nuclei of unfissioned uranium-235 or 2.5 x 10% plutonium-239
respectively.

Shortly after the explosion, a plasma fireball was formed by nuclei and
ionized in the atmosphere which rose and developed into an atomic cloud.
The central part of the mushroom cloud rose above the tropopause (surface
between troposphere and stratosphere) by 15 km or more and the
remainder spread along the tropopause over a regioni-with a radius of 15
10 20 km. This was followed by fallout, including many tiny particles
containing a variety of radioactive nuclei of differing half-lives, capable of
causing severe damage from residual radiatiorn.

The survivors close to the hypocentre were exposed to primary radiation
externally. Their exposed dose can be roughly estimated if their place of
exposure is known. Survivors and people who entered the region near the
hypocentre after the explosion were also exposed to ernissions from
material irradiated by the primary neutron beam; their degree of exposure
can be estimated by calculation and measurement data if their actions or
behaviour were known. However, it is difficult ro estimate the radiation
dose from fallout in terms of physical measurement some time after the
explosion because most of the small particles were carried varying distances
by the wind and the radioactive material came down as the so-called ‘black
rain’. Some was washed away by the heavy rain accompanying typhoons. It
is also difficult to estumate the effects of internal exposure by inhalation or
ingestion of radiocactive fallout and other irradiated material by physical
methods.

When radioactive material enters the body, if it is water- or fat-soluble it
will spread throughout the body, and some radicactive elements are
concentrated and perhaps become deposited in specific organs. Por
example, iodine concentrates in the thyroid, and phosphorus and cobalt
in bone marrow. In such cases the amounts of radioactivity taken into the
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body can be estimated from urinary excretion. On the other hand, when
tiny insoluble radioactive particles enter the body, the particles may be
deposited, for example in the hung, without change in size, and can
continnously irradiate surrounding cells; a particle with a radius of one
micron can contain more than a billion radioactive nuclei. In this instance,
it is difficult to detect these particles from  outside the body or from
analysing urine and faeces. The effects of such particles depend on their
size, the nature of the radicactive elements present and their half-life, and
the type of radiation emitted (alpha, beta or gamma). Biological methods
are then more important for the estimation of effective external and internal
exposure, Biological methods include data on incidence rates of acute
chronic radiation-induced disease, and analysis of the frequency of
chromosomal aberrations, especially among survivors further from the
hypocentre and later visitors to the sites who were not severely exposed to
the primary radiation.

The difference between uniform exrernal exposure and internal exposure
from a radicactive small particle is illustrated in Figure 3. As shown in this
figure, it is difficult to represent the effects of internal exposure to cells near
the radioactive particle in terms of commonly used radiation dose units;
these represent averaged doses over an organ.

Estimation of residual radiation from incidence
of acute radiation disease

Many studies of acute radiation disease among survivors of the atomic
bombing of Hiroshima and Nagasaki show small but significant increased
incidence of acute radiation diseases among survivors in the region
where the primary radiaton scarcely reached. Figure 4a shows the
incidence of epilation and/or purpura among survivars exposed outdoors

Figure 3. External and internal exposure 1o radiation.
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[3], the epilation rates obtained by Tokyo Imperial University and
the incidence of epilation and purpura among survivors exposed indoors
found by a Hiroshima doctor [4]. Figure 4b shows the total radiadon dose
to survivors exposed outdoors as estimated from the incidence of epilation
and purpura [4], with relative contribution from fallout and estimates of
the primary radiation. (Details of calculations and uncertainties can be
obtained from the aurhor.)

Present estimates of fallout effects suggest that it came down over a wide
region under the mushroom cloud. Near the hypocentre there was only
weak fallout due to rising air currents following the mushroom cloud and
firestorm. The exposure effects of fallout rise with increasing distance from
the hypocentre and exceed those of the primary radiation at a distance
between 1.5 km and 1.7 km, The effects of fallout reach a peak between
2.0km and 3.0 kin from the hypocentre, then decrease slowly due to
dispersion and decay of radioactivity over time.

In its recent epidemiological study, the RERF used as its non-exposed
conirol group survivors exposed to a primary radiation dose estimated
under D586 as less than 0.005 Sv, corresponding to a distance of 2.7 km
from the Hiroshima hypocentre. These survivors received an estimated
fallout dose equivalent to acute external exposure of 0.3-0.7 Gy gamma
ray, 60-140 times the primary radiarion dose estimated under DS86. This
explains why the criteria of the Ministry of Health, Labour and Welfare
based on the RERF epidemiological study differ from the acrual srare of
survivors affected by fallout.

Radiation effects for arrivals after the bombing

The incidence of acute radiation disease (one or more of fever, diarrhoea,
purpura, and epilation) has been examined among those who entered the
region within 1 km of the hypocentre of Hiroshima up to 34 days from the
day of the bombing on 6 August 1945 [4]. Figure 5a shows the overall
incidence rate for arrivals at various times after the bombing, and Figure 5b
shows the estimated total effective dose to these arrivals. (Details of the
underlying assumptions and calcularions available from the author.) For an
entrant on 6 August 1945, the cumulative effective dose is 1.49 + 0.38 Gy,
but decreases exponentislly and is almost halved for those arriving one week
after the bombing. In comparison (not shown), the cumulative external
exposure from neutron-irradiated material at the hypocentre is 0.8 Gy; at
500 m it is 0.09 Gy, and at 1000 m it is 0.0017 Gy. The large discrepancy
between exposure effects estimated from acute radiation disease among
those entering after the bombing and measured external accumulated dose
suggests that the effects of radiation from chronic internal exposure due to
internal radioactivity were large compared to those of external exposure.
Experimentally measured primary radiation doses from both gamma rays
and neutrons systematically exceed the doses calculated from DS86 and
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DS02 in the region more distant than 1.5 km from the hypocentre, and the
discrepancy increases with distance, Even for primary radiation doses,
DS86 and DSO2 estimates should not be applied to distances bevond
1.5 km from the hypocentre. The incidence of acute radiation diseases for
survivors of the bombing beyond 1.5-1.7 km again shows that the effects of
internal exposure due to radioactive fallout are more severe than those from
external exposure to primary radiation. Application of D886 or DS02
criteria to estimate the exposure of distant survivors and later entrants is
therefore mistaken.

-

Estimation of fallout radiation from chromosomal aberrations

Chromosomal abnormalities appear in the nuclei of irradiated celis.
The frequency of chromosomal abnormalities in circulating lymphocyies
of survivors of the Hiroshima atomic bombing has been compared
with 11 non-irradiated healthy controls visiting the Japan Red Cross
Central Hospital in Tokyo between April 1967 and March 1968 [5]. It
was found that aberrations occurred in survivors from areas scarcely
reached by the primary radiation. The internal radiation dose can be
estimated from the rate of chromosomal aberrations, but the estimated
dose at a distance from the hypocentre cannot be explained by primary
irradiation.

More than 1.6 km from the hypocentre, the effects of internal exposure
from fallout as estimated from frequency of chromosomal aberration
exceeded that of primary irradiation. It should be noted that the estimated
dose based on the frequency of chromosomal aberration in circulating
lymphocytes represents the effects averaged over the whole body. Local
effects from insoluble radioactive particles, which are considered in the
incidence rates of acute diseases, are not included. Yet the RERF has
denied the existence of chromosomal aberradons at a distance from the
hypocentre.

Problems of epidemiological studies in the RERF

There are serious problems in the epidemiological studies of survivors
by the RERFE, The coniribution of residual radiation to the estimated dose
of exposed survivors is neglected, originating with the initial interview of
survivors by the ABCC. The other serious problem is in the selection of
non-irradiated controls. The ABCC and RERF epidemiological studies
used survivors themselves as non-exposed controls. In the recent RERF
investigations survivors who received less than 0.005 Sv according to DS86
criteria, and the ‘not in city’ group of surviving early visitors to the area are
used as the control group. As shown above, these and survivors from a
distance were affected by residual radiation estimated at more than 0.1-
0.5 Gy, many times more than the RERI?s figure of 0.005 Sv. Thus the
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ABCC and RERF studies cannot be used to estimate exposure to these
SUrvivors.

An analysis of chronic diseases among the RERF control cohort, using all
Japanese as controls, was used to examine the effects of exposure to fallout
and induced radioactivity [6]. The standard relative risks, mortality ratios,
and incidence rates of various diseases in the RERF control group,
compared with all Japanese, is shown in Figure 6 as closed and open circles
for those exposed to less than 0.09 Gy according to the T65D criteria and
in the ‘not in city’ groups respectively. The standard risks for mortality from
all causes and all diseases are less than unity, indicating that the RERF
control cohort is healthier than the Japanese average. As Alice Stewart
pointed out [7] their greater overall fimess enabled them to survive despire
exposure to radiation. However, the high relative risk of death from
leukaemia and cancer of the respiratory system and the incidence of thyroid
and female breast cancer in the RERF contrel group (in both survivors
from a distance and post-bombing arrivals) show that they had been
affected by fallout and induced residual radiation. The relative risk of
mortality from leukaemia for all arrivals in the *not in city’ group is less than
I (Figure 6), but of 4500 arrivals within three days of the bombing in this
group there were six cases of leukaemia. The relative risk for leukaemia
mortality of early post-bombing arrivals is about 2 (Figure 6). Dr Schimitz-
Feuerhake has also discussed these findings in her further publlcanons (8,
9]. She concluded that: )
to take a control from the survivors themselves or from early and late
entrants cannot be accepted. ... Further investigations should make
use of the fact that the survivors who were at great distance from the
explosions and the NIC group, including about 82,000 persons in the
RERF sample, represent the largest and most well investigated human
collective showing evidently low-LET effects in the low-dose range [8].

Dangers of ‘usable’ nuclear weapons and ‘earth-penetrating’
nuclear weapons

The US govermiment has been considering the development of “usable’ and
‘earth-penetrating’ nuclear weapons. This shows little concern for the
dangers of atomic bombing and especially neglects the effects of residual
radiation and the possibly severe consequences of internal exposure, The
Hiroshima and Nagasaki bombs were exploded at heights above ground of
600 m and 500 m respectively, somewhat weakening the radioactive
fallout, and the newtron beam that induced the residual radiation was
diminished before reaching ground level. On the other hand, an ‘earth-
penetrating’ nuclear weapon would explode only a few tens of metres
underground. Its fireball could cause a strong radioactive pyroclastic flow, a
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stream of heated rocks and ash containing highly radioactive material,
which could lead to major fallout.

The total deaths from cancer caused by fallout downwind from nuclear
weapon tests and accidents at nuclear facilities between 1945 and 1989 has
been estimated at 1,116,000 [10]. This used an ICPR model constructed
from the RERF studies in which the effects of internal exposure were given
little attention. If cancer deaths from the effects of internal exposure to
residual radiation is 50 times more than that of the ICRP model, total
deaths from cancer caused by fallout could be more than 50 million, which
is almost one per cent of total world population.

As a scientist and survivor of the Hiroshima atomic bombing, I believe
that if there had not been a US-imposed cover-up of the severe effects of
internal exposure from residual radiation before the nuclear tests of the
1950s and 1960s, these tests would have been banned and perhaps much
ill-health and Ioss of human life avoided. A successful lawsuit by the
survivors will contribute to the movement towards elimination of nuclear
weapons more than 60 years after the atomic bombing by pointing out that
nuclear weapon should never be used because of the severe effects of
internal radiation exposure.
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