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2018. 10. 2DFREER (BRI L 7 F 2 U#REE & O : 2m)
SE: 18,0 C. EE: 4.0 %, XHE: 1010 hPa

5. 54GBaRIE 7 F=a Vﬁﬂﬂ:— D e HE 2.82 1 Gy/min
53.45GBa#RiE = 7 Ko iR o FE U 26. 72 u Gy/min

R = FEHUYIE X (273. 5+T/295. 5) X (1013. 3,/P) X 0. 869
T: &R (C). P: &JE(hPa), 0.869 : T K= U f&EiHDOBIEEK

R (RIARELSR) 5. 54GBafRIR : 2.43 u Gy/min
R (RIARALSR) 53. 45GBafRIR : 22.98 u Gy/min

AR Y R =R R R X 1. 213
AR Y AR (u Sv/min)  WIGHRESR (FE7RME (1 Gy/min)) |
1.213 : 0. 66MeVD y FRD = R ALF— 2B BEAICHD S
lemf Y B FIR K

BREER 5. 54GBafiE 2.942 1 Sv/min
BRI 853, 456BaBRlE 217. 875 1 Sv/min

FH Y H O ERR
B EE 5. 54GBHRE 2. 94 1 Sv/min
BECYRE 53.45GBafRlE . 27.83 1 Sv/min
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BEAHES : PDM—2228B FRAIRERE - 14y
BEREYE: 27. 83 uSv

MEFES | RENE (ErE) BRIEE$K
(uSv)
1 24 1. 16 |
2 24 1. 16
3 24 1. 16
4 24 e
5 24 1. 16
6 25 1. 11

T ERFIEBIZB W TIXT v pEREEANXE R 7 v MRER
PDM-222B% VT, MREF 2 WEUNCEERS L 28 L TR Y FIEC

WRITA2AEIZEKRLTWD,

BIEEHIT6ARD 5 HEARML. 16, 1AM 1. 11& 725 TEY 10~20%
BVWBELYELS R L, ZOREIIARHATH 2 BAREICKREESHKE
ERLTB ZLICLVEAFICTREDBES REND Z LEEHRS
BAHZLENARETH S,

2B, FIHIZIRGE S TV - PDM-102 CHAESE F Rl RE 22 DR IE
EFIT0.95~1.05L 72> TRV HEREE LN L le o TV,
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BEABESH : PDM—2228B FRA IR : 15
BEEME: 27. 83uSv

WEREE | A (©) 'ﬁi%(i (i) | O ICHT BHA
nwSv
| 1 | 30 | 24 1. 00
| 2 60 2 4 1. 00
| 3 | 90 | 24 1. 00
4 120 20 0. 83
. 5 | 150 | 20 0. 83
6 180 20 0. 83

T EBRFIECIZIB VN TIXFIEB & RERIZ 7 v b R e s A CE 1
WA v FEREFHPDM-222B% AV T, BEH OBIFIZT 5 B %300
5 180°F TR TEL S TR 217072,

AT 5 #IA 113000 H 900 TIXA 0 & REEDEA R E T
23, 12095 1800 TIX1TRRRERVMEN R S iz, ZORRIZENT

X220, BREHNHE TEREREZEFPERSHLTWVWAZ ENEXDL
N3, ZORBRIVBREHMBEUIZES ST TWeL THEKHIE
LWVMEZRTZ ENHERTEX -,
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20194E3 AICE M LzNal > v FL— g VAR —R_RA A—F D
TERRIERGRO—HEZLLFIZR L,

&S BASA  0.60uSv 1.34uSv 65.38uSv 21.50uSv | FH
/A | /hRSE | /A /WS
N1 | 200003 | 113 | L1z | L1l e[|
N2 | 2010/3 | 0.97 | 0.99 | 1.00 0.96 | 0.98
| N3 | 2007/3 | Loz | 107 | 1.10 1.07 | 107 |

2019423 A 12 50 L 7= BEER Y — XA A — & OFERRER RO
—#WEL TR L, BRI — A A —F OMERKIETIX,
51 Sv/h23 57, 000 1 Sv/h D] TTRIEDMERZ HBH L TV 528,
A ENIERERROBRER L,

— 256 -

&5 WALEH |5.38uSv/h [21.504Sv/h | 77.00uSv/h | TREEEOMBRE '
ity R it o RN DO
I-1 | 2005.3 0.94 0.96 1.09 1. 02
I-2 | 2016. 12 0.91 0. 87 1.14 1. 02
I-3 |2017.2 1. 08 1.01 1.15 1. 08



Nalv v FL—va VR —_f A —%
20194E3 A IZ9B DNal v v FL—v g VARHI—_[ A—F D

TERBIEZ TR LTz, FST L7o#REY &3130.60, 1.34, 5.38,
21.50 u Sv/h T, TRTOBREYERIZOVWTEVEZ R THL
BEVMEZ R TR Do Tz, RKREIZEW TIIREERIZELS
BRWERRENIHAIXLIE0. 12 SN TEY, IBH4ERED
RPHIZ A2 hr o T, REITRERIT L HERSL 7 + b0k
REBEBEZLND,

EHER S — A XA —%

201943 H 128 B DEBER Y — A A — & ORI IE % Kl
U7z, FRS U7-AEY BRi35. 38, 21.5, 77, 174, 695, 1,644,
6,57 u Sv/h T, 8SATRTHIKREEKIZEILS VWL ERBEND
FENIZH - T,

EHER A — A A —Z TP ERR N O 225 0> T e % (L%
HEZITWREREZ RO ZMEEL o TR IS LBRZHE .
KIRKZTIIEMER RS — A A —Z I IERBITRE T 50,
ERAIL L HIRETSEOICHEELTRY., Z0BRICLY
RUVHERBKERREBIE DN RS D 5,
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FH 5. REAHWY)

e o
ﬁ%ﬁ;ﬁfﬁ HERTF FiiFEs

EEI
Y—f A —F DKE (uSv/h) &GMH—

_A A—% (TGS-133) DOHFBELREK

1. BRY

TSR EE TOY—_A XA —F OFEHIZBWT, 2
BHIEIZER LT —_A A—FDRIEDFEEF,
BERREIZHH LTAOGMY —_A A —& D B33k
BOTRINX—FUEZEMT I 2ENLE TS,

2. EEHE (27)

FEREL : V—_ A A= F ORIEDFH ik
(EROEHSBEIEDRN & FEH]E)

EEBE2  EEBBRIEER L, IROGMY—<_A XA —F D
i<
PR % RO FH R (cpm) H 5 HURHE(Bg) ~D ik
HA%# (Bglepm) ZHHT 5,
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3. EEFHE

3.1 BESyT -

ZilA36AN%E, SA—MTHEES, R TI2P LY, B4 %
ABC.....LET3, &bz, Z2oDFN—F (6H32) 125t TES
BEZLICH 2 DEBRETITOWANEZ S, LER-T, hEhS
N—TOPE, FV—F1: A B,C,D,EF, “2—7I1:G H1J K,
L:¥5,

8.2 WATL 2 oDEY % £
2 OMFFHE (RIE & BEFRLE) 245254 (BW#s5s) T, FA—7
1L ANEZLTHIT LT~ 0EZFRE (FHXE) CTEET S,

4. EEHT

EEBRE1 (RE) : BEJIBEHT 1 EEREER (FHEXE)
KERE 2 (RFEAE) - BEIIM 2 BEEE (XK

5. EEAE

REI1
A A5 OIMBREDHEORAE L OFERE

HARTHEME L TWHMSHRIE (HEBKRIE, HEKE) @M L, 7
EHET D,

TEHUE (BEFHOMS LREJEME) ORRETH - BHT 2,

HE (FE) AR
KR — A A —F
MAGM, Naliv >, BEERHRY—<A A —%

Cs-137CGEHEM B 2 AW THRHEBEEY | K —A 2%
THET 5.

TROZEY —_A A—FOERE RELVVY) KOWT, £D
MR (GREE) ORI, BT 5,

1. #IAGM : 1.5 (3), 15 (30), 150 (300) uSv/h

2. Nalv>F:15(3), 5(10), 15(30) uSv/h

3. EHfF - 15,100 uSv/h
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ZORFTIE, KATEEL TOWHRELBMT L, ZiEX7TEWECS
MY %, 4 —~A 2 —& OWERREH FHOMBEDZ DM 2T L.
T2 (RURS EMOBRE oy F) 275,

xE|i-
M : RHE A (uSv/h) & WS H © OFERE (cm)

GM MHENE | BES S0 | Noli 7 | RHEAE RESC0| TEE | HHENE | BE>»S0

TGS-121 | MEEmE L3 TCS-161 |MEHEE an ICS-311 |MBHM*E s
12 FRangel  uSv/h cm 12 FRange uSv/h cm 12 FRange| uSv/h cm
3 15 3 1.5
10 5 10 5
30 15 30 5 30 5
100 50
300 150 300 150

EFI-2 JEOGMP—~_A A —#(TGS-133)
BEHROYPE LBEAKEZEHT S
REGUREEZRD B0, EEBHRIRZ AV T, #HEE (cpm) 2

LHEE (Bq) ~DOMEFREAEZRD D, ZORREEZAWT, EFIIO
R H Y BE % I 5,

FEAE B R (R = RV ¥ — L B )
1Pm-147 (224keV) A:1.99k cpm/27, B:2.05k cpm/2 7 2fH

2Cl-36  (710keV) 123 cps/2n/100x100cm 11
30,0, (2.29MeV) 1020 cps/2n 1@
H7E -

BT LICEBIITHERT A - DICHEH SN TV BGM Y —_ A A —
# (TGS-133) #HWT, Ny 27 7T 70 FE X OEEERIE O H%
REWET S, EREGRIT SR 4E) ZIEFICR L CHET S, IR
GREHL) D EiCGM7r—7 % R4, BE10secT 1 [B1HIE LBk
T35,

- 260 -



FEHE B BRIR (R K = RV ¥ — L B F# )
1Pm-147 (224keV) A:1.99k cpm/27m, B:2.05k cpm/2 1 2{H

2Cl-36  (710keV) 123 cps/2m/100x100cm 1A
3U,0, (2.29MeV) 1020 cps/2n 118
EFI-2 WiE, 7—FEH .
BIE U7 SRR = & OB (%/4n) B X UMRBEMAEE R
89 %, TGS-133DHIRRX BMR=FNF—DRFRER D720,
HERAERCHLHBDROK BIH) (CHBHRHROERE T2y 5,
(BS2R 20 & B RIT R LER)
:.DGM:;::;D—& (765-133) — T
lfn::fuZn}!minz‘:;::m‘; w\;:;, mcm?ujnn-mema
B e N
:i z (%‘rc » Ill m
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A6 REEH VD)

EB I [FEHBSERMTRORIRER 7075 L DR

[(BR]

BIEDERQEICE Y, IO TEEBEXRICT D AZFICTOR TSRS HRVWHEBERY
IO BRAMA K E CHESNT, T INITHE > TITO NI BEHREHIT OFBAS
TH, TNTNORGHRER DO EREICE I L THBIIRERET L2 EHPFETH D
ENFMBAIN, SBEMICBEVLTHINOLAORIGT, BB 0/ 7 L0REL
EEOLNTWEIETHAD EBHND,
AREZOLRBEMRBBEICH VLT, T2 TUH THIHRICEDL 24 CHREE HR
ICHBIEEERT 22N E W, o, BICEHINTOAVBEEDE KRS 1E
RICBWTE, IO DRVEWEEZDIRNICFEIE 70, EBZHIFETD
HBIFBBREFEEL WD EIAFE, INHLEY ANV EEBILTWS L
ZAHALEL HDBERDNS,

IO LEERERER. SEOMESR [EB2] LBV TE. TAKBICE T 2HEER
H R 2FALARB AT LIEIE S HENENEZ, RABKRETOMIZEMIC, £
BICEB O LaRTLEET, WEREREETOMREZKRIALIERFTT 5, £
7o. ZOREERE D LICREICAEZEE A FOAHE B L CHEMIERD 7 >~
2Ty TELTVELVWEEZ TV,

[5&]
B0 T L [FEEHBIERUTROIIEREE] (Ver2.8) ZRFNREM & L
T, RRICERT 2L EHIC, ZORTORERZRET 2, FBEBILBE, K
FICBIRFRAFINE IO Z Lo—FE L TIThhTWS, ZFEE2ALHETE
ez, SEIORITCEERE 2R EBFNEIRO3IZEZ 1YL L, 7RSI LD
FHEETT S,

[FREAR A > M]

O 7% X ok
- ZHEEA~DORTARILHED
CTERMORTy TILETD
- ABRDOBARREIE A WA

0O Zeto#s
I DR[O E
EROBNOKOE
- ZDMMOERADT[DE
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O ABRELMERM
- EEEICH LBV 2 B @Y A
- ERAEEREASATETLRLY
- EHBT - BRWEICH LD EBIT
O &R
- EBOMENRDOOND D
CHAEE L L CEBIREZENMERRCEIEBRE B ->TWEY
CEEBTOTTLHBME L TOBRERIE
O%BE7077L0EEaAy Ty ELTRET 2 Z &5
- RNEAOAE (EFEZEOHED
- RRADOAIE (BIEF BHER D EHE)
- RHOAIE (RBBO T+ B—0DAE)

[=7]

MEHRA

- RBGAT  REARERAMRM TRt Y X —HHEIRER 2 EREE
-EERHE: 609

EEFFZ b
- BEEHRETERITT R OBIRRE] (Ver.2.8)
CHEBEEET ML

<HHERZER=>
1, V=RAA—2OEE -> B (B 1 TEBEHXETS)
2. EBHR I OFRIRE > 3ALH 2AETFRF0ZTHOBY IC
BELXIBT., 1BIEZOBRFEERL.
[OWEREAET D
3. EHfEEROMR > BEAICEE

A REFEAROTERK

Ry — b, TO2ULRDEZ M, RE 2R TERALER | &S

T 2EMICE BB ERRT 5

MR ERMI—bF (30cm x 30cm) 27 SL—T7K1
72 IR (30 cm % 30 cm) TIN—T7&1

A-1-1  RFYLARNY MIERMY— R ZEL

A-1-2 Y= bOETRBICEBI/N-TRE542~Y v/ CRET S
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A-1-3  EATZR IEREE. BR Y 7ILA Y7 LrBong
nn

A-1-4  [(FEIEZHMEV—FE23X3ICRY > RDEI D

A-1-5 SBRRERDIBRIFICHZRABOLEHEZ R L. AT AEICHE
L7-BiE & Rty — Mcmft i3 %,

A-1-6 BRLAY—FEXTYLANY FZTET7—FRICEWE
WICEAER, —MREESE 5

A-1-7  THELRERmAE] BIRICER LR | RIE, BRERZREA
L. IBHEEMICIRHT 2

4. BEMRERYODBERBR > TFIMBYICEE
5. EREROE -> & (RSN 52E)
6. EE/A T LOMEA, WEF > RE20FLH

[(EE]

BIROZHEEICE > T, EEIAH - KEEDOBE - AP’ ENTH Y., HREE
TREVWDOT, EERBOERELZBNICTMTE I EIEIZDORICBELRETH S,
FEORFEEZBL T, —EOREEZBLVIET Z LT, FIC Rl ORIETE ZICBERA
Hotzh, ZOR/EELAICL TEBETREDE LW R E IR 5 & 5 AEk
ERNEETH DI L aFRHmI N,

Fro. EREEMABNIETED L WS L OTIEREL, ERORELTERTCLLITE
12, RBEOBRBAIEET2HMOFRICL D L IANFERBICKEVWI ENERTE S,
Thbb, BEEZEEL LD LT MREBBLEEIERFONTCHEMICH L T+
NEBREBIBTORIGAZEHI THLL I MATRBORNE READEWVLWTHR
DT Z7yvraTy TeMEL TV IR AV M APBETHDIEER LT,
INOERFZAT, SR TOFABEL LTEE /OIS I LETI 2 LIZOWT,
T—%., BH, ERERLLICOVT, 2EICAITTOREBEN A FE& LTORREICD
WT, &EL EamL TS,
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BBEEHET 2HOLBOHA L

FHER I BERICTEREZTHIBRICERLTUEL WA
BRICENZVBH W ES R0
55 OEfE
EERE CERAME  BIORZ V22 TEHLALEDD)
2 w8 CERILARLE  BEBZARICETR)
Ry MEEFT (BABIECEZ2Y v/ BB LIRBFTORME JaEEANAE)
EERBATETICERE - NOBREE
BERFERROFKEETORENL
FBLROYMEELART L (BCO2EBAFLLET D)
RERIREIZE->TITS 2 &
I TEANWIRD EASIREAATZD TIEEREAEL
R I ZFHHTHICHREDEFEEZRARIC
2 I T7REROER % %5
ART7ZAA%NZAE—H—RNIIILT?
77 RAADEDBEBF AR (KU AER)
ZETHERY bERBRENICIITS
BIERNA T EY ¥ —LRIZILTS
NRATLDF vy TIZTNILREA
TRTCOBEFHICFNRELDEIHIhOF v Y
UYBREKETTE=HIZERY HITS
Hoh LHEBKEANTECREICIIANTEL
By b OSRmEFRERE Ny PATHAY Y Id52E
By b OSIHEAMICEA UK SIS
bt =Rl I b v N S N i
BEAH, BEHMCHIR
BERFTEZLIEFTIERS
[AFICERyY bEFEL RRNA TILVERHBEEFTHL, EFOETEF v v 72T
2BEI G FETTRETHSD L. EFIBREHTORIECE L TVLD I LR\
TARE
BBRICREANDIEICIIFEADFRERY FMEE, 3O ADFTRRERZD
BEehIT2 BB ~ERy FEFOOREBRET 2 oF v 2B T o<y b
HBLOBEETD
IZHREEISADE T REIERSARVLIID) T2 EEATS
AR7Z2ODEENBMLMFTIHEL T
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XAy MIREELXEREICHIT 27-0DRETH D
ZRA MO Y TR W
EREoRbLY THHRWL
Fv TOEKBEVEFC =EEYDORE
RIAMABHENE, BEE—H—DD7FRA~NEEITVTLN
By bThbELEFANILBEILEN
EEDERICFIRDBREEZ T
B v INATIVGREDFRERET D L
BB IREXRDRAETIZ, AEREZELLEET L L
Ny 205 REROKRE {(AX752R3RDR | /BHERRIEOR |}
FRICBIF ORBRBEOMED L AT T ML D FHERHERT DI ENMBE
FEEYOIEFIE
MHEREROMBLNTT T2 ETFREAI LV, Ny FRDORY AIEHETHRL
BEOFEZEYHFTRICYIE LR 25, Ny PROKRY BEEBREL TLWL—AHY
FROFJFEBREODHEOERR, Y- XA XA—207 v 7THALTHLERYMOO%
E R
ERRTHRORBE - NOBRIRE /ERE ORIBEE
REFBFIORE~ATLRICRT Z &
EEHBAEREDFLLEN SR THDOT, BEDFLABEN L HETEED
—B
EHEF OB LIRE
FFHREMRL TFEED
NYRT7y MR REZRIERY v /ROFEFES
FEELAN, —BROBNPZIA vy FROT, HLEEFEMF—THERER
B oY T KROFRRE GI5EZA. HIOTALEEZF v )
BHEBOSNHTF v o
Bloh— R EgEs
BRRENTEDLANIRD L
ERER LT D WRME
BEELZ D RERT
EROBEOHER
ERRE (—~_AIK BRE) O
BEAOBRDIRE (EAL)
~y FEE

BRICHLTCRET 2 0AE UL, BEWEREZRIT I EADIBRHbALET S
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AR REEHVID

=2
FEBH Rl ICKDERFRLEOXTMIREETHE RUGTHR

1 HSEMEREER

1.1

1.2

S REERICEE T DEREIE

YRR EDRADHEIMEEROC EZMEMREEEEN D, MRDOMEOMIA, SBEREE
B3R | DIEZEOBEDRFERECK > T BEE (BEMN OXREEHE (fixed surface
contamination) CilEREEDOREEZE (removable surface contamination) D%, ERE
MBS, REDPRHERCEOBND ZOREEERMEKRNT D) ZDEN, —T3. BEkE
DHBEL. FFOBHE, FTTEANRBBRTA (B, BORKITE) ([CXDESEEMOBEN DI
. BNIEVEREICLDBREZN LR EERBEICHNT, BREBZDBEREMLD
ELEBEDFEZHSD UHBELTHRLEE, BEHERIINNROSN D,

KREBEBENERR ULCHS, FFIBROERECTREOHBEREIT DINEN DD, IRBD
IRRICK DT SBRILK (ZTREHR) ZB<ITHICE. MuRISTEOREE CHEOFHHZETT
U\ OBERIRRERE URTNERSR), S5RORE CEROHEHRERE I DEDBIZER
2010 [REEEBE  (activity per unit area) [Ba/cm?]] TH B,

AERBL RESEBEDOSEHTIEICEN. FREORICBEINESSELRERNICERTD
CEETDBNET D,

RESEBEDAIRE

RESEBERD BEAFESE (direct measurement of surface contamination)] /2
(& TEEEAIREE (indirect measurement of surface contamination) ] ICKRDBIET D,
BBRFSEMOEFZFIRIZT (smear) SFEEHEND,

BEATEL. BEMERICEHEDSEONZAT T D ENTEDHN RIEFICHE
SHEDHEZSITOT ), —TI. BERAIEESHSIMEHRDOEERRNDN EREEDFEDH
BIEQRETH . FZ IOEMOMNE] ZZBE/IDHUEDL DD,

BH. RESEREZRDDIZRICEAT DAIESSLEG. MR IRANRESEORER
ED1/10°0U T THDEDEBERD,

¢ THUR#R 2 T3 2 FIRCR OBBEE R ED 58] CPRTZ4ETH o+ ZHEA RREREMTH RIS, REKIE :
DRTCEAA—H REORHIRRSERE—5) F1N%& EHRXKED 75 I3t 3 R OBEHERAITHE 0%

JE)
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X UTORAERDERURESRBEOSEEL. BERRS ISO 7503-1 ZEC{ERSN
12 JIS #(18 4504 THSIMRESEDAETIE - BiRMEZE (RAIRILF—0.15MeV
ME) RU aiRibziE] (2008 F517) ([CEIMLTND,

121 EEACEOFIREREERBEDETE
BIEFAIEE TR, RIESESTEEMCTEILCTEDTTHEEZAET D,

1211 BEAEEOFIRCBESE
@ AEARMORBLZ, ©><DE—EDRE TREFERIDSEBRDS5H
BERERT D,
@ SBRERBULS. AEFE TS DLEINADTT CAIERCRIER DTS
HEBZXE | DIRERRCRESBEDERBER UICT D). 2B THIRIE™E
CAIESOIBERDIBUL) BIEL, SHERETHIND.

1212 BEAEEDFTEDA
RESEEE A (Ba/cm?) ZRDDIIEHOFHERIEIUTDER DY,
212U, SBRERIEAIEEDENR (AR DEEEREFEIZBLNEDE U,
BOREECHITIREERBESII—EHET,

As = (N=-Np)/ (eixWx es)

N D OBTEIE (cps)

No DNy DTSV REHEE (cps)

&i o HEESRIE instrument efficiency®
w D RIEBROBYWERBDE (cm?)

s © IRERIER efficiency of a sourace?

BH. ISR [F. REMHERINDD > TVDIEEFREZAN T, MTRORIC

KOKHB,
g = A / Ns
A DR (cps)
Ns D REREER

* PR —E I Ro i, RAR—F R LT 5D H B,

b AHHERALFD & x W x g5 BEE [0 TR RE LRI [Bg/cm?/ cpm] | KM T2, 72720, ZOREEH
W RGAIE N - NpDHALE cpmiCT 2T L,

¢ BRI RO RMBUHER (BRIRO K 2> © BAZRRTICHIE & 03 R780  1chi 32 WE &R O EREHER o L,
4RI ¢ BRIR T O U (BRI & HAIREI B 72 0 ICHUE & B RITRD I 5 RIERUHR O I,
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L. RRME s (HRROMIRIC K o TEIET DD, EENCKRDHDEN'R
HIRBEN'DD. ZOGLESEREAOHEE LU TROBZARNTZEAICTHET 2.

=05 [ BiRMERE ( Epmax = 04 MeV ) ]
=025 [ BiglEE ( 0.15MeV < Epmax < 04 MeV )
ESENG T et 2

122 BEATE (DTWMOGEER. SSTWMOE. AZT7PE) OFIREREBSEEEDETIE
BEAEETIEAETREBRDEODRAZIZIN S (RI P I RETED,
SHEAFET UICSIREZ RIS CRIE T DT & TRt REI5H éalﬁi@'%o /@J*“’é HJ
EBISI DT C EAWNENICRESIBE O, AEIMSHREN'S N IBE R LB
EETHD,

12241 BIEAEEDOFIREBRESEE

@ #2 FELEEDR BT BHEEDSRIETES T TIETND) *THEM

DZTD.

@ STHDARYM GREIRYD) MEBRBSESETNO MEEMBL, FBT
BWNBSIEFLAD 1 TOBIAREERNDEL,

@ PTEEHEIEL [ 100 cm? | PE L. COFEERE—RKICSTIND,

@ BEBEBUZBRSODHTOHEND. H—T—EDHDERDTENEI UL,

COEH. BBPIETHSZONDASSOAEIFELANSND.

6 ATWDOBRE(E, BEOFEFICHNTEMNT DHEERREORSNESK

U\ 1 BDSEED TERMERESROEEZOTIMD L LS,

® XIEMESTIOIZIMERAIEL THAT D,

1222 BEAEEDFTEIE
ST B LDBMIEEDIC D DB RETRDMEIE Ar (Ba/cm? &
KRODEHDFERIUTDERD,

As = (N-Np) / (ex FXx Sxe&s)

N DOBHEER (cps)

CBROBA . AMA LD OHHESIC LARR I I ICT 2, £, SEIMD RICAMAKD 2 EATL RHAIT. K
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1 YMEE., EAE. BHEEDOEMRF (ICRP FIFTH 74011 & Y)
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ZHMYESSFEDHERIZEF LIz, BERICETAMHARFABOILKRELHY . AR, TEEIN/ RS
R ZEICT HHRE/EBHRI LILEMMNEL. £OF T ICRP, ICRU (HFENEHREMERAICD
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25, ROKBHERUVBAEREICX LT, THFET ICRP @ 2007 FEX&1&E[3] RV ICRU HEE
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# 1.1 [h5&= (ICRP E#)&E[3]) & ICRU LAR— K 39/51 MERE DRI (ICRU #H&EZE 95(51& V)

25 R K& BT IE
ThiEE RMIRE ROKRAEDEMRE BFTREOEmRE
E /% lens /7% local skin
KRE
IYTEZSVLT REIDRELE HEERELE AAERELE
A (10) H @3, Q) #(0.07, Q)
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#,(10) #4,3) #40.07)
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R—1+ 39/51 OERAE~NDBMERBEZHET H-OICFEALE-T7 7> FA(ICRU EE 95[5] &

Y. —EREE)

25 IRDKESEAE BFRE
fhE=E 25 ICRP/ICRU K AIZ#ED £HB 772 FAICHAAZE 100 mm x 100 mm x 100 mm & S
7 A NI-REKETIL Bo27bLA
EHE
ITYFE=RY>S ICRUBK, 300 mm ICRU Bk, ¢ 300 mm ICRU Bk, ¢300 mm
BAE=ZHZYY AS5TIT7U A AEZ772 kA RAS5TIT7U A
300 mm x 300 mm x 150 mm @200 mm x 200 mm 300 mm x 300 mm x 150 mm
HKRI7U A

@73 mm x 300 mm
Oy RFI7Z72bA
®19 mm x 300 mm

. ERAEOITRTOI 72 ALK ICRUD 4 tRMETER SN S,

1.3 BhEE & ICRUHEE 95 A& T S2EAEDEMRK (ICRU $FREE 95[5]1 & VW)

25 RO K@K BT E
PhigE ERE ROKRADEMRE BEFTREDFMiRE
£ Hf lens Hf local skin
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IYTE=ZRYLY ARE ROKRAEDOHAMRIURE  BFIREOARMERINEE
H D,Iens(Q) D,Iocal skin(Q)
BAE=S2ULT BEARE BRDKRADENRINERE RIS DE ARIRRE
% Dp lens Dp local skin

KI1LABOE (JLI VR, BRA—V) HofhEEL ICRUHEE 95 HEIET LERAE~DH
RRHEZELHIT O-OICERASNS 772 FA(RIBEE HBBI&Y., —HRE)

&5 R DK &K BEREE
[higE= 25 ICRP/ICRU FEAIE 2B 77> FLIZ#A 100 mm x 100 mm x 100 mm R FE#A
£I7U A AENERRETIL o7 bLA
EHE
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£I7U A AENTRRETIL
BAE=2Y Y 25 ICRP/ICRU EAE £H 77> FAIZHA RSTITI7URLE
EIFUML AENFRRETIL AIEAS 2nm DEETEHN Tz 300

mm x 300 mm x 148 mm ICRU #H#s:
HRI7UbL?

AiEREA 2mm ICRP RIETED
Nni=69 mm x 300 mm ICRU #B#5

Ay RF772b4Le

AiEREA 2mm ICRP RETED
1= 15 mm x 300 mm ICRU #B#5

WREFE lom? @ ICRP RIEDMHET, REICEELE, FES50ummH 5 100um BT, 772 FLAEDOFLTOER
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- -8 M EDHEDEBFICEF T IRNMMREHBENSDIREEZEZERET H15E. TERCRANE
NTUWEWEEICEMBRELRCEAM (Sv) TRIN., ENRELDIER,

- FR. ROKBEARUVEBEOHEI DGFEOHBRICEEET S-HODRELERET HED
EMREOFEA, 2F Y. BB OEBAOEMREEORLEDLEMELY TOREMNFRES
nNTHY., EXRBLLRDBEEILIEL D,

- NEMRIEK ZRIET A-OICHERAINLIERELHESEOMDIEE - EAMICE, REZE

(RMBEDHTE L LTHEASNLINBRGFTROATEE) LFMHRE (RNREDHEICE
(T 5%EE),
. 7&10)1&?&1*}1/#“—1#'—:} (LET) S E 7L 7RIFICK L CIXEMGT7 TO—FTH S
. PHEFICHLTELIYERTHY .. RASICKREFRBZERTSHOEAHTT7TO—
?’éﬁﬁﬁ?’é WA MEGBOFREICETEIHLINLGFES,

- PNAN R OER. HARUVAOICEET 2EVMNRBEIATLSIZTEMMDET, T
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- NEREENS DTEEREZHET S5 L OBHLHILRTE DFY  BADIHZE(T 50 4.
NNEDFZEILT0mETORENBEE SIS,
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- KEADY R EFET 5 -ODEKREAXRMDIREDER,
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BRI ORIRECHEBOFMRELY LM VKFLELD, CD=H. EHREZANSC
ETERREFECEZORIILITH T HMREENMILTLES ARSI HIRICEETA
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figies - MMBOEMREDTHEICIE. RMADFEEFHLRADEELMOREIVEL—4T
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Radiation Protection Measures in Japan
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These advisory opinions are based on surveys and studies conducted by the Japanese
Society of Radiation Safety Management, Japanese Radiation Research Society, and a
working group on the effective doses and operational quantities of radiation established
by the Representatives’ Council of the Japanese Umbrella-structured Platform for
Radiation Protection. Some measures required for the promotion of radiation safety
measures in Japan were compiled by the Representatives’ Council of the Japanese
Umbrella-structured Platform and are published jointly by the academic societies

participating in the Radiation Protection Academia.
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1 Introduction

In recent years, two events that had a social impact have occurred; these provided
opportunities to review Japan’s preparedness for accidents at radiation facilities and
radiation disasters.

The first event, an accident resulting in radiation exposure, occurred on May 29, 2021
during the inspection of a measuring device that uses X-rays (Ministry of Health, Labour
and Welfare, MHLW, 2021). According to media reports, the workers inspecting the
device may have been exposed to anywhere from several times to several tens of times
the annual radiation dose limit for workers; however, many aspects of this accident remain
unknown. For example, normally, the power switch on such devices is turned off during
inspection, but in this case, for some reasons, the device continued to emit X-rays.
Although the Labor Standards Inspection Office investigated this accident, the details
have not been disclosed, partially because the authority might consider the privacy of the
individuals who were exposed to radiation.

The second event was the 32" Summer Olympic and Paralympic Games held in Tokyo
from July 23, 2021 to August 8, 2021 and August 24, 2021 to September 5, 2021. These
games were held when the Japanese medical system was under intense pressure owing to
the novel coronavirus disease 2019 pandemic. If a major terrorist attack were to occur
under such circumstances, the difficulty in securing medical facilities that can admit large
numbers of injured and exposed patients would have been expected to greatly surpass
current hypothetical scenarios. In such a case, it is necessary to triage the victims
according to their injuries and health conditions and allocate them to appropriate medical
facilities while simultaneously starting the collection of information and samples for
dosimetry. However, there are numerous problems associated with these activities that
need to be solved. These problems include the small number of experts/specialists who
are able to perform radiation dose assessments, the need to develop technologies for
radiation dose assessments, and the need for cooperation between various relevant
organizations.

1 academic societies with various interests and

In Radiation Protection Academia
specialties have cooperated to propose the priority topics for radiation safety and

regulation studies and discussed the problems related to securing and training human

1 One member body of the Radiation Protection Research Network formed by the Radiation Safety Regulation
Research Strategic Advancement Project of the Nuclear Regulatory Authority, Japan. Four academic societies related
to radiation protection participate in Radiation Protection Academia. A representatives’ council composed of
representatives from the participating organizations of the Japanese Umbrella-structured Platform for Radiation
Protection makes decisions on the activities of this network.
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resources in the field of radiation protection. In fiscal year 2020, academic societies
selected themes related to radiation accidents and disasters in response to each concern,
collated new knowledge from countries other than Japan, and conducted surveys on
domestic circumstances regarding each selected theme. These surveys and studies
conducted by the academic societies resulted in two important conclusions detailed below.
Thus, we decided to propose urgent advisory opinions requiring specific roles to be
played by the national government, local government, private industries, and specialized

organizations (described in this paper).

1) It is of vital importance that organizations establish detailed regulations and manuals
for preventing accidents and incidents from occurring and for handling the aftermath
in case they occur.

2) Dose assessment is an essential part of dealing with accidents, and therefore there is
a need for Advanced Radiation Emergency Medical Support Centers (AREMSCs)
and related institutions to rapidly develop technologies that improve and link their
systems, particularly for performing dose estimates during large-scale radiation
disasters.

In addition, the Radiological Protection Academia has proposed urgent measures for
the national government, local government, private industries, and specialized institutions

to solve various related problems.

With an eye toward global trends, the International Commission on Radiological
Protection (ICRP) began conducting reviews for revising its 2007 recommendations, and
in July 2021, it released “Keeping the ICRP Recommendations Fit for Purpose” (Clement
etal., 2021). Beginning with this and continuing over the next several years, experts from
around the world will conduct discussions to improve the radiation protection system and
bring it in line with scientific advancements and societal changes. The abovementioned
document specifies the adoption of changes in operational and protection quantities,
which were proposed by the International Commission on Radiation Units and
Measurements (ICRU) in its 2007 recommendations (ICRU, 2020). The changes in
operational and protection quantities are expected to have a major influence on radiation
regulations worldwide. Thus, in 2020 a working group (WG) consisting of members

recommended by five academic societies” related to radiation protection was formed.

2 The five are the Japan Health Physics Society, Japanese Association for Radiation Accident/Disaster Medicine,
Japanese Radiation Research Society, Japanese Society of Radiation Safety Management, and the subcommittee of
Health Physics and Environmental Science of the Atomic Energy Society of Japan.
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This WG examined the preparations necessary to adopt new concepts of operational and
protection quantities into Japanese regulations. Based on these surveys and studies, mid-
and long-term advisory opinions were to be made to radiation-related ministries,
radiation-related academic societies/associations, and those engaged in radiation-related

research and development (R&D), management, and medicine.

For the Radiation Protection Academia, summarizing these advisory opinions is the
first step toward activities that will contribute to future radiation regulations. For experts
in this field, contributing to the improvement and appropriate application of radiation
regulations and protection is part of their raison d'€tre. Nevertheless, the involvement of
academic societies/associations in the field of radiation protection is less than in the fields
of nuclear power and medical use of radiation. This may be attributable to the fact that
radiation protection covers a wide range of areas such that academic
societies/associations are generally segmented by the field of expertise and specific
issues. This shows that, as a practical matter, it is difficult to consolidate the various
views of experts and specialists. Therefore, the Japan Health Physics Society, Japanese
Association for Radiation Accident/Disaster Medicine, Japanese Radiation Research
Society, and Japanese Society of Radiation Safety Management have been working
toward solving problems related to radiation protection and have shared their information
and awareness of the issues with the Atomic Energy Society of Japan, Society for Risk
Analysis Japan, and Japan Network for Research and Information on Medical Exposure
(J-RIME).

Some major challenges remain for the continuation of these activities. The activities of
the academic societies/associations are primarily based on the voluntary activities of its
members, and their contributions to regulation and protection are no exception. Unless
each individual member of the academic societies/associations is aware of their
contribution to radiation regulation and protection, it will be difficult to continue these
activities as part of their contributions. For raising awareness among experts that one of
the goals of his/her researches is contribution to the improvement of regulations, it is
important to satisfy the need to strengthen the collaboration among regulators, private
industries, and experts while simultaneously experiencing repeated successes.

As the first step in this direction, the academic societies/associations involved in

radiation protection will collaborate in the future to exchange opinions with regulators,

3 The Atomic Energy Society of Japan has approximately 6,500 individual members and approximately 200 groups
that are supporting members. The Japan Radiological Society has approximately 10,000 individual members. The
member body of the Radiation Protection Academia with the highest number of members is the Japan Health Physics
Society, with approximately 800 members.
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business operators, and even concerned international organizations in order to realize
these advisory opinions. Through these regulatory activities, research activities, and
global cooperative activities, experts will solidify the roles to be played in improving
radiation protection measures in Japan.

The abovementioned bodies will continue to cooperate and study various issues such
as (1) the creation and collection of scientific knowledge on low-dose exposure (public
and occupational exposure) and emergency exposure, (ii) proposals for the formulation
of protection systems and safety standards, and (iii) human resource development for
radiation protection.

March 4, 2022

Japan Health Physics Society
President: Hiroko YOSHIDA

Japanese Association for Radiation Accident/Disaster Medicine
President: Makoto AKASHI

Japanese Society of Radiation Safety Management
President: Satoru NAKASHIMA

The Japanese Radiation Research Society
President: Yoshiya SHIMADA

The Representative Council of the Japanese Umbrella-structured
Platform for Radiation Protection
Chair: Seiji KODAMA
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2 Urgent advisory opinions for improving radiation protection measures in Japan

(1) Measures for preventing accidents and adverse events from occurring at radiation
facilities and for handling the aftermath

1) Background of the advisory opinions

Numerous incidents of mishandling of radiation and radioactive materials or accidents
at facilities that handle them have been reported in Japan and abroad. Among these, cases
of unplanned exposure to radiation have also been reported. In May 2021, an accident
involving radiation exposure occurred during the inspection of a measuring device that
uses X-rays in Japan. To prevent such accidents and incidents from occurring and to deal
with them swiftly when they do occur, it is important to elucidate the causes of such
accidents and incidents both in Japan and abroad, identify problems with the way they
were handled, and share the results of such analyses widely.

Therefore, the Japanese Society of Radiation Safety Management (2021) conducted a
survey on radiation exposure accidents* that occurred in countries other than Japan since
2000 (International Nuclear and Radiological Event Scale [INES] level 2 and above). To
use the results of the survey as reference material for responses to accidents involving
radiation exposure in Japan, these accidents and incidents were classified into the
following three categories: I) radiation exposure due to the dispersal of unsealed
radioisotopes (RI) during work-related tasks, II) exposure of those engaged in
interventional radiology (IVR) to radiation doses exceeding dose limits for workers, and
IIT) underestimation of the dose and/or risk. The cases of errors resulting in the accidents
and exposure were analyzed and the lessons learned were extracted.

The Japanese Society of Radiation Safety Management (2021) also categorized
incidents that occurred in Japan since 2013 that were required to be reported by law.
Typical cases of the following four categories were analyzed to identify the causes of the
incidents and problems: 1) missing unsealed RI, 2) missing “Approved Device with
Certification Label,” i.e., design-certified RI instrument, 3) leakage of RI due to damage,
and 4) fire. A questionnaire survey was also conducted on the state of preparation of
manuals on how to handle eight problems that were identified based on these incidents.
The results showed that approximately 20%—50% of the facilities in Japan had inadequate
manuals for dealing with similar problems (Japanese Society of Radiation Safety
Management, 2021).

4 The term “accident” refers to an event of level 4 and above according to the International Nuclear and Radiological
Event Scale (INES) that has a local impact such as the nuclear accident that occurred at Tokai-mura, Japan, in 1999.
However, in this document, the term “radiation exposure accident” refers to serious incident of INES 3 or higher that
is associated with unusual radiation exposure.
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The Radiation Protection Academia verified the aforementioned report provided by the
Japanese Society of Radiation Safety Management and determined that in order to prevent
the occurrence of accidents involving radiation exposure and handle the aftermath in the
event that they do occur, the following are important and thus required: a) an independent
and continuous review of radiation management methods and systems in place at
workplaces throughout Japan, and b) guaranteeing the effectiveness of these methods and
systems. Thus, it was decided that specific advisory opinions would be issued for
improving the radiation hazard prevention regulations and measures provided in
emergency response manuals followed at workplaces. In addition, advisory opinions
would be made to the regulatory authority to enforce the Plan-Do-Check-Act (PDCA)

cycle throughout Japan to prevent recurrences of accidents that occurred in the past.

2) Current situation and problems

The current situation and problems related to accidents involving radiation exposure that

occurred in countries other than Japan

The Japanese Society of Radiation Safety Management extracted comprehensive data
pertaining to accidents that occurred since 2000 across countries other than Japan from
public databases of the Landelijk Kernenergie Archief Foundation (LAKA) in the
Netherlands®. There were 473 cases of accidents/incidents related to radiation safety
management, graded as INES level 2 and above, reported between January 1, 2000 and
December 4, 2020. Many of them occurred in Europe and North America and were graded
as INES level 2.

In addition, there have been numerous reports of “unusual exposure” worldwide.
Among all accidents/incidents graded as INES level 2 or above that occurred in RI
facilities, the history, cause, and handling of the aftermath of 203 accidents/incidents were
surveyed. Based on the survey results, the Japanese Society of Radiation Safety
Management judged that the countermeasures for the following three cases might be
insufficient in many facilities in Japan and consequently further examined each domestic

countermeasure.

I. Measures to prevent the dispersion of unsealed RI during work

Accidents have occasionally occurred around the world in which workers have been
exposed to splashed RI solution due to unsafe operation, resulting in the contamination
of eyes and hands. In 2019, the following happened in a hospital in Switzerland. When a
worker handling a radiopharmaceutical inserted a syringe into the mouth of a vial

containing Ga-68 solution to draw out a sample, droplets of the solution scattered and

5 https://www.laka.org/docu/ines/
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contaminated the worker’s right eye (INES 2). The worker was not wearing protective
eyeglasses at the time, and although the worker followed measures such as eye washing,
the lens of the eye was judged to have been exposed to an equivalent dose of 27 mSv.

In 2017, a worker at an organization affiliated with the Australian Nuclear Science
and Technology Organisation (ANSTO) accidentally dropped a vial of a solution
containing Mo-99. The solution dispersed and contaminated the worker’s hands.
Although the worker was wearing double gloves at the time, erythema and blisters
appeared on the worker’s hands. This indicates that the skin of the hands had been
exposed to a radiation dose equivalent to 10-20 Sv, meaning that the accident was
graded as INES level 3, i.e., a serious incident. The Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA) analyzed the causes behind the incident and
pointed out 1) the lack of organizational systems that would have allowed the learning of
effective lessons from minor and near-miss incidents, ii) the insufficient recognition of
the risk of accidents among the workers, iii) the insufficient notations alerting the
workers about hazards during work-related tasks in workplace manuals and so on, and
1v) the shortcomings in the training related to the safe performance of work-related tasks
(ARPANSA, 2018). ARPANSA provided guidance to ANSTO regarding its
preparations to reduce radiation exposure and the training of its workers.

Similar accidents might occur in Japan as well; therefore, there is a need for workers

and workplaces to ensure that the measures shown below in Table 1 are fully implemented.

Table 1. Measures to prevent and reduce radiation exposure
due to the dispersion of unsealed RI during work-related tasks

Target Measure
Individual . .
Ensure to wear protective eyeglasses and other protective gear
workers
Business Prepare an organizational system that facilitates effective learning
operators from near-miss accidents

Provide appropriate training to workers

Review workplaces and work procedures for reducing radiation risk
e.g., “Adjust lead shields in drafts based on ergonomics
* Automate tasks that are currently performed manually by workers
*Reduce the concentration of RI in quality control samples

Establish systems that facilitate the early implementation of
decontamination and other emergency medical measures for
radiation exposure
e.g., “Educate occupational health physicians and health nurses
* Conduct prior consultation with the organization implementing the
medical treatment for radiation exposure
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II. Countermeasures for IVR physicians and others who are at high risk of being exposed
to doses exceeding the dose limits for workers

During IVR procedures, physicians are exposed to radiation from X-rays that scatter
from patients. Thus, physicians who perform higher numbers of IVR procedures are likely
to be exposed to doses that exceed the dose limits for workers even if no particular
accidents have occurred.

There have been reports from outside Japan of medical practitioners being exposed to
unusual doses of radiation during IVR procedures when classified using INES. An
incident that occurred in the UK in 2019 reported that the estimated equivalent doses to
the lens of the eye were 25.8 mSv.® This dose was considered a realistic assumption based
on the worker’s recollection of their use of personal protective equipment (PPE).

In 2017 in a hospital in Saint-Denis, France, an incident occurred in which the
equivalent dose of radiation that the hand of a radiologist was exposed to in one quarter
exceeded the annual limit (500 mSv). This occurred due to the fact that the physician’s
hand entered the irradiation field when performing IVR under computed tomography
fluoroscopy. The Autorité de stireté nucléaire (ASN) in France surveyed this incident on
January 24, 2018 and reported the results of its assessment of the cause, measures to make
improvements, and assessment of INES on its website.” Prior to this incident, ASN
announced that they cooperated with related professional associations, industries, and
regulatory authorities for improving training provided to operators when installing new
equipment.®

One frequent problem in medical settings in Japan is the failure to use personal
dosimeters or wear PPE (Kunugita, 2019; Hosono et al., 2021). In addition, it is estimated
that many of the cases in which occupational radiation exposure exceeds the dose limits
are in the medical field.” Most of them, however, are discovered only when the Labor
Standards Inspection Office conducts on-site inspections to investigate reports of
occupational accidents and problems in work schedule management. Therefore, there are
limited number of cases in which exposure exceeding the dose limits is found as a

violation of the established laws and regulations.

% In the European Union, member nations are required to legislate directives for Basic Safety Standards (BSS). In the
United Kingdom, an analysis of the effects of regulations for the development of laws was conducted in 2017. In
accordance with the demands in the EU directive, national regulations that reflect the equivalent dose limitation (100
mSv/5 years) for the lenses of the eyes that are stipulated in Part 3 of the General Safety Requirements (GSR) of the
IAEA were to come into effect by February 6, 2018.

7 http://www.french-nuclear-safety.fr/Information/News-releases/A-radiologist-suffers-radiation-overexposure-of-
the-hands

8 https://www.asn.fr/espace-professionnels/activites-medicales/radiologie-et-scanographie/guides-de-1-
asn/recommandations-relatives-a-la-formation-a-1-utilisation-des-dispositifs-medicaux-emetteurs-de-rayonnements-
ionisants

? http://www.kosenkyo.jp/siryou/gyousyu3 1.PDF
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Medical facilities that use radiation must comply with Article 44 of the Regulation on
Prevention of Ionizing Radiation Hazards. The MHLW has implemented the Subsidy
Project for the Renovation of Facilities to Reduce Radiation Exposure (MHLW, 2020)
and the Project to Support the Adoption of Occupational Safety and Health Management
Systems Related to the Management of Radiation Exposure (Nuclear Safety Technology
Center, 2020).

Thus, a wide range of support programs for workplaces have been implemented for
reducing the exposure of medical practitioners to radiation. Along with the continuation
of these programes, it is hoped that workplaces will actively work toward this goal. In the
future, increased cooperation between regulators and experts to ensure strict adherence to

radiation dose limits is necessary (Table 2).

Table 2. Measures for handling exposure to medical radiation
that is of particularly high likelihood to exceed dose limits

Target Improvements, etc.
Individual Ensure that personal dosimeters and PPE are used
workers
(medical
practitioners)
Business Conduct trainings on radiation protection for medical practitioners
operators handling radiation and RI

Ensure that protective measures and training information is updated
particularly when new devices are introduced

Regulators Provide continuous assistance to workplaces for reducing medical
practitioners’ radiation exposure

Classify the INES level, report to the International Atomic Energy
Agency (IAEA), and release reports on the website regarding
incidents in accordance with Article 44 of the Regulation on
Prevention of lonizing Radiation Hazards

Provide educational information to help prevent the recurrence of
accidents/incidents throughout the nation

Experts Establish a system in which academic societies/associations that
have expert opinions on the reported cases can cooperate to
provide assistance for problem solving based on the background
conditions of the workplace in question
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III. Dealing with underestimated doses and risk assessments

In many cases of radiation exposure accidents that occurred overseas, the exposure
dose and risks were initially underestimated. In addition, there have been cases in which
the doctors who conducted the medical examinations initially diagnosed the symptoms as
allergies or insect bites, resulting in serious illnesses due to the lack of appropriate
treatments.

The event in which the hand of a worker was contaminated (mentioned in Section I
above; Australia, 2017) was also a case in which the exposed dose was underestimated.
At first, ANSTO estimated an equivalent dose to the hand of 0.85 Sv; however, as
erythema and blisters appeared on the worker’s hand > 2 weeks after the accident, the
estimate was revised to between 10 and 20 Sv, which was considered more valid under
the circumstances (ARPANSA, 2018). ARPANSA identified the following problems and
provided guidance to ensure that they would not occur again: the scene of the radiation
exposure was not appropriately preserved, which made it impossible to collect data that
were important to estimate the dose, and preparations for the dose assessment system,

among other things, were not appropriately handled.

Table 3. Roles of those who estimate the dose and risks
in the occurrence of radiation exposure accidents/incidents

Target Role
Experts (radiation In cases of local exposure, the experts ascertain the dose and
dose assessment) distribution of the exposed part on the body as accurately as

possible and estimate the severity of damage (the degree of
tissue reaction, such as inflammation or necrosis, that may
occur within several weeks to several months of exposure).

Experts (radiation In some cases of local exposure, symptoms such as pain,
emergency medicine) | erythema, and blisters do not appear immediately after
exposure. Thus, experts collect a wide range of information
regarding the patient’s positions, behaviors, and surrounding
circumstances, confirm the possibility of radiation exposure,
and determine medical treatment based on this information.

Business operators Provides education to occupational health physicians regarding

(management) the aspects of radiation exposure.

Business operators When an event occurs, experts collect and preserve data useful
(e.g., radiation for dose estimation (photos of the site of exposure, monitoring
protection supervisors | data, descriptions/records of behaviors, and available samples
and occupational that could be useful in retrospective dosimetry, such as
health physicians) clothing, nail clippings, etc.) in as much detail as possible so

that the regulatory authorities and specialized organizations
are able to easily perform retrospective verification.
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In May 2021, a radiation exposure accident occurred in Japan during an inspection of
a measuring device that used X-rays. The workers were believed to have been exposed to
a dose that vastly exceeded the established limits, but the final result of the estimated dose
was not disclosed. Instead, based on the lessons learned from the ANSTO incident, the

roles of those involved in estimating doses and risks have been summarized as shown in
Table 3.

Current status of and problems related to accidents/incidents that occur at radiation

facilities in Japan

The Nuclear Regulation Authority publishes information on accidents and notifications
of measures to be taken in case of danger on its website, which correspond to legal
reporting events reported by business operators. Among 29 cases that occurred between
April 2013 and November 2020, the Japanese Society of Radiation Safety Management
categorized and surveyed four cases in detail and summarized the following four incidents
that could potentially occur at many radiation facilities. They identified eight problems
(for details, see Japanese Society of Radiation Safety Management, 2021).

» Missing unsealed RI (occurred on December 21, 2017, corporation)
Summary: In the time between sterilization and proper disposal, animal carcasses in
storage that had been administered C-14 were lost.
Problem i. Records on the use of the RI-administered animals were inadequate.

» Missing “Approved Device with Certification Label” (occurred on December 16, 2019,
corporation)
Summary: The location of a Cesium-137 gamma ray source for standardizing exposure
rate was unknown.
Problem ii: Records on the use of “Approved Device with Certification Label” were
inadequate.

» Leakage of RI due to damage (degradation over time) (occurred on October 29, 2013,
university)
Summary: The contamination spread from a sealed source of tritium in storage.
Problem iii: Insufficient awareness regarding the management of sealed radioactive
sources, including trittum and electroplated radiation sources; i.e., insufficient
awareness regarding degradation over time, sealed radiation source equipment, and the
criteria for urgent reporting as well as insufficient details on the code of conduct in
terms of responding to unusual events.

» Fire (occurred on July 1, 2016, university hospital)
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Problem iv: Inaccurate radiation rate estimates. In this case, measurements taken using
an ion chamber survey meter'® indicated a radiation rate of 0.5 puSv/h, which
appeared to be 10 times the usual radiation rate; however, this measured value was
insignificant and inaccurate.

Problem v: Incomplete records on the quantity and species of the radionuclides.

Problem vi: Delays in urgent reporting to the Nuclear Regulation Authority and
releasing information to neighboring residents. In this case, the quantity and species
of the radionuclides could not be ascertained (cf. Problem v), which delayed the
public release of information.

Problem vii: Insufficient cooperation between multiple management departments. In
this case, the departments involved in building management, RI room management,
and radiation handling were different, which delayed information sharing and
systemic response to emergencies.

Problem viii: Insufficient response to the absence of personnel in charge of radiation

handling.

Sixteen individuals affiliated with private companies, medical, and educational
facilities that use radiation conducted a survey on emergency response manuals and
regulations for the prevention of radiation damage at the facilities of their affiliation in
response to problems i through viii extracted from the abovementioned four incidents.
They assessed whether measures designed to prevent “preventable incidents,” i.e.,
incidents whose occurrence can be controlled in the course of normal management tasks,
were sufficient, and whether “nonpreventable incidents,” i.e., incidents whose occurrence
cannot be controlled in the course of normal management tasks, could be responded to
without any problems (Table 4).

As aresult, it was found that the percentages of facilities that had established regulations
for the prevention of radiation and emergency response manuals describing responses to
deal with some of the eight abovementioned problems were low. They lacked in the
following aspects (in the given order from the lowest): Problem i: completeness of the
records on animals administered radioactive substances, problem iii: appropriate
awareness and management of sealed radioactive sources, problem ii: completeness of
the records on the use of “Approved Device with Certification Label,” and problem vi:
appropriate release of information. It is hoped that facilities that do not have established
regulations covering problems i through viii will check their regulations and make the

necessary improvements.

101f an jon chamber survey meter is used assuming a high dose rate but the actual dose rate is low (<1
pSv/h), an accurate value may not be obtained.
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Table 4. State of preparing emergency response manuals and regulations for the
prevention of radiation hazards at the respective facilities (responses from 16 facilities)

Assessment

individuals

Incident Category Problems assessed . %*
perspective
i: Completeness of the records|Do the
Missing unsealed RI on animals administered radioactivity 50%
radioactive substances hazard prevention
Missing “Approved ii: Completeness of the regulatiqqs at
. ; Preventable | records on the use of your facility 0
Device with . « . . ’ ) 58%
. . ,» [incidents Approved Device with include sufficient
Certification Label . . ’
Certification Label response
Leakage of RI due to iii: Appropriate awareness instructions for
damage (degradation and management of sealed |the cases listed on | 50%
over time) radioactive sources the left?
iv: Accurate measurements of 739
dose rate
. Does the
v: Records on the use of emeraenc 73
nuclides and their quantities gency ’
Nonprevent |vi: Appropriate release of response manual
. . . at your facility 60%
Fire able information .
o — - include
incidents  |vii: Cooperation between . . o
instructions fora |79%
management systems
- —smooth response
viii: Selecting a representative to fire?
for the responsible ’ 73%

*Percentage of facilities that have implemented the regulations

3) Advisory opinions

Analysis of the accidents/incidents involving radiation exposure that occurred outside

Japan since 2000 and events in Japan that were legally required to be reported since 2013

revealed the following: continuous and independent reviews of a facility's own systems

and management methods are more important in workplaces than tightening regulations

to prevent the occurrence of such accidents/incidents and respond to them in the event

that they do occur. In particular, the following actions are recommended for establishing

regulations and manuals that cover specific measures that should be implemented and for

confirming and improving the continued efficacy of these measures:

1. When devices that emit radiation are newly adopted or when “near-miss” incidents

occur, the effectiveness and validity of reviewing protective measures and the details

of training should be examined on an organizational level and appropriate changes
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should be made as soon as possible. These changes should then be included in
regulations and manuals. When a worker makes a proposal to a workplace to make
improvements to their working sites and work processes for reducing the risk of
radiation exposure, the workplace should consider the effectiveness and validity of
such proposals as an organization and establish a system to facilitate their
implementation.

. To ensure a swift response to any incidents involving radiation exposure,
information/education should be provided to ensure that everyone at the workplace is
aware of how important dose and risk assessments are. Further, manuals should be
prepared/updated and training must be held for collecting and storing samples as well
as various necessary data.

. When creating a ledger for radioactive waste, checks should be continuously made to
determine any potential blind spots, such as whether appropriate records are being kept
for tracking all uses or whether records are being stored with regard to animals
(carcasses) administered radioactive substances. When necessary, revisions should be
made to the regulations and manual. The regulations and manual should also include
entries ensuring that all users who create records are aware of all updates and revisions,
and mechanisms to ensure the same must be established.

. To prevent contamination due to the loss of integrity of sealed radiation sources, it is
necessary to periodically check for leakages or comply with the working life as
stipulated by the International Organization for Standardization (ISO).

. The legal regulations for “Approved Device with Certification Label” are not
particularly strict. Hence, management practices tend to be insufficient. Therefore,
regular checks should be performed to ensure “Approved Device with Certification
Label” are stored in appropriate and dedicated containers and that those containers are
kept stored in locked safes.

. In cases in which fire or other accidents occur, a system should be established that
allows the necessary data to be compiled, enables prompt reporting to the Nuclear
Regulation Authority, local governments, and related organizations, and facilitates

announcements to the residents of local communities.

To ensure that the aforementioned advisory opinions are followed, the rules and

regulations will be reviewed and the implementation system will be improved as

necessary. Rules and systems will be periodically reviewed for improvement.

In cases in which radiation exposure following an accident/incident occurs at a

radiation-related facility, it is essential for analysis and verification to be conducted by

the regulatory authority and a third-party organization. The regulatory authority will
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particularly encourage the workplace to release information regarding the
accident/incident and ensure that analysis and verification is performed by a specialized
organization as well as that the PDCA cycle is carefully followed to provide feedback
about the results of the analysis and verification process to all employees. In cases in
which an examination on reinforcing regulations is performed following the
implementation of the PDCA cycle after an accident/incident involving radiation, it is
desirable to ensure cooperation among various stakeholders, such as policy makers,
researchers, and those in the industry in order to ensure risk-based management for
optimizing resource distribution by introducing the graded approach of radiation
management into regulations recommended in IAEA GSR part 3 (IAEA, 2014) and GSG-
7 (IAEA, 2018). Alternatively, more reasonable regulations should be established based

on an analysis of the effects of the regulations.
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(2) Measures for improving the estimation of radiation doses in cases of large-scale

radiation disasters

1) Background of the advisory opinions

In response to the Tokyo Electric Power Company's Fukushima Daiichi Nuclear Power
Plant accident (Fukushima Nuclear Accident), the air radiation dose rates were measured
based on the release of radionuclides into the environment and the external exposure dose
was estimated using those measured values. These estimates were far beyond what was
in place at the time of the Chernobyl Nuclear Power Plant accident (the Japanese
Radiation Research Society, 2021). There was also greater awareness on the importance
of measuring and assessing individual doses. Prior to the Fukushima Nuclear Accident,
actual measurements using personal dosimeters for estimating external exposure and
direct measurements for estimating internal exposure had been thought to be necessary
mainly for validating the results of dose assessment using models. Hence, they had been
assumed to be conducted in a limited number of cases. However, from the perspective of
health management and risk communication, these measurements were performed on a
large number of residents during the Fukushima Nuclear Accident, although there were
no individuals who required medical treatment for acute injury or internal radiation
exposure.

Assessments of individual doses are more important in the early treatment of acute
radiation syndrome and internal radiation exposure or for the screening of subjects who
should undergo detailed dosimetry. In such cases, biodosimetry is likely to be an effective
method of assessment. After the 9/11 terrorist attack in the United States in 2001, the
development of a biodosimetry system for use in large-scale radiation disasters became a
global issue, and as a result, the United States began the development of a high-
throughput system that would allow biodosimetry assessments to be performed on tens
of thousands of people (Grace et al., 2011, Wang et al., 2020).

Using the lessons learned from past accidents and disasters (including terrorist attacks)
that have occurred both in Japan and overseas, efforts to develop a variety of technologies
and improve systems related to dosimetry in Japan are currently in progress. However,
efficient improvement and guarantees of effectiveness require cooperation between a
wide range of organizations and individuals, including national and local governments,
specialized organizations, experts/specialists, private industries, and medical facilities.
The AREMSCs, which were designated by the Nuclear Regulation Authority in 2015,
play important roles in establishing cooperation among various organizations and
individuals by acting as a liaison with academic organizations. Thus, the Japanese

Radiation Research Society conducted surveys both in Japan and overseas pertaining to
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dosimetry methods during large-scale radiation-related disasters, surveyed all AREMSCs,
and performed analyses of their current status (Japanese Radiation Research Society,
2021).

The Radiation Protection Academia reviewed the results of the surveys conducted by
the Japanese Radiation Research Society. As a result, it was concluded that the
biodosimetry systems in place in Japan (e.g., dicentric chromosome frequency, premature
chromosome condensation [PCC], and cytokinesis-block micronucleus [CBMN] assay)
are insufficient to assess the doses of 100—1,000 individuals for the purpose of triaging
highly exposed patients or screening residents who may have been exposed to high doses;
thus, it was determined that measures should be implemented as soon as possible. Thus,
the Radiation Protection Academia decided that specific advisory opinions would be

provided to the national government, local governments, and AREMSC:s.
2) Current situation and problems
According to a survey conducted by the Japanese Radiation Research Society (2021),

the state of preparedness of the AREMSCs for large-scale disasters is as follows:

Dose assessment methods for use during large-scale radiation-related disasters

AREMSCs are able to conduct physical dose assessments in Japan using methods
whose implementation is based on technical standards that conform to global standards.
These methods include dosimetry for measuring external exposure among exposed
persons using individual dosimeters and remotely gathering information (such as data of
environmental radiation monitoring/measurement, data of surface contamination surveys
using GM survey meters, and data of internal exposure examination performed by thyroid
dose monitoring using Nal survey meters and whole-body counters). Regarding thyroid
dose monitoring, which was a problem during the Fukushima Nuclear Accident, the
Nuclear Regulation Authority has taken the lead in designing a system that will link with
the development of dedicated measuring devices and is cooperating with relevant
organizations (Nuclear Regulation Authority, 2021). It plans to intensify these efforts in
the near future.

Regarding biodosimetry, there has been a history of discussion focused on handling up
to 10 patients considering high-dose exposure dosimetry. For this, the AREMSCs can
conduct biodosimetry using the dicentric chromosome method (triage method). The
disadvantage of dosimetry using chromosome analysis is that it is time-consuming to
culture blood cells (up to 48 hours) and analyze chromosome aberrations. Thus, both in
Japan and overseas, efforts are being made to automate the process and develop high-

throughput analysis methods using artificial intelligence and other technologies. In Japan,
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there is a tendency to focus on the development of methods that can be easily automated
and made high-throughput and can consequently be applied to dosimetry. The
cytokinesis-block micronucleus (CBMN) assay is a triage method that has been verified
globally and for which efforts toward automating its analysis are being made extremely
rapidly. Although the accuracy of the dose assessments made by CBMN is lower than that
of those made using the dicentric chromosome method, its merit is the fact that it is
possible to use it as a dosimetry method within several months. Considering that the
changes in blood cell count vary greatly among individuals, methods using blood cell
count are considered to be inferior in terms of their accuracy in dose estimation. However,
it is now possible to conduct analysis on smaller amounts of blood than previously, and
even if there is a shortage of physicians who are knowledgeable in the field of radiation
emergency medicine, it is now possible to perform screening of those who require dose
assessments in a short duration. As a result, more consideration can be paid to the
usefulness of this technology as a triage method for between 100 and 1,000 individuals.

Looking back on the JCO accident!! and Fukushima Nuclear Accident, we see that
there is a need to standardize the chromosome imaging system and establish an image
sharing system to ensure that dose assessments during large-scale radiation-related
disasters can be performed through cooperation by all AREMSCs. However, at present,
the necessary equipment will be provided by each AREMSC. No specific plans beyond
this have been formulated.

Prior to the Fukushima Nuclear Accident in 2011, the National Institute of Radiological
Sciences (currently known as the National Institutes for Quantum Science and
Technology), a regional tertiary radiation emergency hospital, took the lead in
establishing the Chromosome Network, which is composed of domestic experts in the
field of chromosome analysis for biodosimetry. Currently, the AREMSCs are
collaborating in activities such as personnel training via workshops and the establishment
of dose effect standard curves. However, they do not fully function as a network that can
perform dosimetry accurately and promptly during emergencies through cooperation with

experts from around the country. Thus, the cooperative system needs to be improved.

Requesting dose assessments during large-scale radiation-related disasters

The AREMSCs assume that they will be asked to perform dose assessments under the
following three circumstances: 1) requests in parallel with medical procedures for saving

life, 1) requests after lifesaving procedures have been completed, and iii) cases in which

1 Chromosome analysis was performed on 43 individuals, including JCO employees and firefighters who were
exposed to low doses of radiation during the JCO criticality accident in 1999 and residents who were found to have
low lymphocyte counts in their blood after this accident.
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lifesaving procedures are unnecessary but dose assessments are necessary.

In physical dosimetry, it is possible to provide dose assessment data for any of the
abovementioned circumstances: 1) through ii1). However, the time taken until the data is
provided and the accuracy of the data is largely dependent upon the information available
at the time when dosimetry is requested.

On the other hand, requests for and acceptance of biodosimetry are dependent upon the
determination of the exposure status of patients performed by physicians in charge of
making data-related decisions on site and the ability to process the analyses performed by
the laboratories of the AREMSCs. Nevertheless, at the moment, there is no system in
place for specific requests and acceptance, such as who makes the request (the examining
physician, a medical facility, or a workplace) and who receives it (laboratories, the
AREMSC:s, or other specialized organizations). Hence, all laboratories are independently
accepting requests.

All AREMSC s individually examine requests for dose assessments, methods for the
delivery of samples, and the format for dose assessment information. If multiple
laboratories are to cooperate in analyzing and reporting the results obtained from samples
sent from multiple patients, there is a need to establish common guidelines for all to
follow regarding methods and formats. In addition, assessments of internal doses via
analysis of human excrement or other samples, i.e., bioassays, involve the same problem;
however, currently, as several days are required to quantify radioactivity using bioassays
after the samples are obtained and chemical separation is performed, such assessments

are not believed to be useful in triage and screening.

Involvement of dosimetry in nuclear disaster prevention drills

Each year, nuclear power-related facilities and nearly all the 24 prefectures in Japan
within a 30 km radius (UPZ) of these facilities conduct nuclear accident prevention drills,
assuming an accident with the same amount of RI release as the Fukushima Nuclear
Accident. This drill includes 1) training on emergency reporting for pertinent individuals,
11) training on evacuating residents within the UPZ, iii) on-site medical training for the
treatment of multiple people suffering from contamination illness, and iv) other training
such as environment monitoring and assembly training. However, this drill does not
include little related to performing individual dose assessments.

To prepare systems that are designed to effectively assess radiation doses when large-
scale nuclear disasters occur at Nuclear Emergency Core Hospitals and AREMSCs that
accept patients exposed to radiation, there is a need to conduct training including
dosimetry such as thyroid monitoring and dose assessments for local residents during

future nuclear accident prevention drills. These initiatives would allow the establishment
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of common guidelines for issues such as procedures for requesting dose assessments,

methods of delivering samples, and dose assessment report formats, as mentioned above.

3) Advisory opinions

As indicated above, the Fukushima Nuclear Accident was an opportunity to review the
importance of assessing the individual dose. There appeared to be no major technical
problems involved in monitoring and triaging between 100 and 1,000 patients using
physical dosimetry for external exposure. Regarding chromosome analysis for
biodosimetry, it would be desirable for government agencies involved in the prevention
of nuclear disasters to initially take the lead in the field of nuclear accident prevention to
determine the categories of victims and workers who would be subjected to chromosome
analysis during large-scale nuclear disasters, identify the speed and scale at which these
should be performed, and improve the functions of the AREMSCs. In particular, in
addition to the technical aspects of dosimetry methods, there is a need to strategically
prepare soft and hard infrastructures for the purpose of collaboration among AREMSCs
and information sharing and collaboration between the disaster site, medical facilities,
and the analysis laboratories of AREMSCs.

Thus, the Nuclear Protection Academia provides the advisory opinions listed below for
biodosimetry functions at AREMSCs and requests the cooperation of experts in all related

fields in following these opinions.

1. The AREMSCs should strengthen existing systems to allow cooperation between
different centers in the event that biodosimetry is to be performed on multiple injured
individuals during large-scale disasters.

- Standardize the dicentric chromosome analysis techniques through efforts such as the
introduction of new equipment, personnel exchange, and technical training.

*Prepare a system for sharing images that allow remote analysis

* Determine the number of specimens that can be received by each laboratory and
examine the division of roles (division of labor)

* Establish common guidelines for tasks, such as requesting dose assessments,
delivering samples, and formats used to report the results of dose assessment

2. If there is a shortage of equipment or personnel when implementing the
abovementioned cooperation system in AREMSCs, human resource development and
exchange should be enhanced. Other measures, such as entering into contracts with
organizations other than ARMSCs and establishing processes for accepting
organizational support in emergency situations (including cooperation with private

industries), should also be implemented.
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3. As dicentric chromosome analysis, a method that is able to provide an accurate dose
assessment, requires both time and labor, AREMSCs should continually engage in
discussions with each other regarding methods that are appropriate for triaging large
numbers of victims. When gathering information regarding standardized methods,
expert/specialist networks both in Japan and overseas'? should be consulted.

4. Tt is necessary to be prepared to perform biodosimetry for various types of exposures,
such as using the PCC method for exposures exceeding 5 Gy and using techniques to
detect chromosomal translocations and CBMN for chronic exposures.

5. Networks that allow experts/specialists in chromosome analysis throughout Japan to

cooperate in performing timely and accurate dose assessments during emergencies
should be re-established.

Many experts/specialists in dosimetry are assigned under the assumption that they will
work in laboratories. Thus, they are not considered personnel who can handle a triage (i.e.,
screening of patients who require dose assessments) of victims on site during disasters.
Therefore, there is a need to examine the cooperation among on-site responders and
experts/specialists in dosimetry who work in laboratories. The Radiation Protection
Academia recommends that training in performing dose assessments is introduced in
nuclear disaster prevention training programs that are implemented by national and local

governments.

Additionally, as human-derived specimens are used in biodosimetry, there is a need to
establish agreements to exchange personal information, obtain consent, and provide and
share blood, specimens, and microscopic images when exchanging information between
institutions and requesting testing. It is desirable that these agreements are conducted
based on discussions held between each AREMSC and the local governments regarding
support with biodosimetry provided by the AREMSCs. As AREMSCs are designated
based on the Nuclear Emergency Response Guidelines, they will not be burdened with
tasks requiring them to respond to incidents other than nuclear disasters, such as terrorist
attacks, other types of accidents, or natural disasters. With regard to a framework for
performing dose assessments during emergencies other than nuclear disasters, a decision
on response guidelines for the national and local governments is still pending. However,

as the number of facilities that are able to systematically perform dose assessments is

12 The International Biodosimetry Network (BioDoseNet) operated by WHO is currently conducting the 3%
BioDoseNet Survey of the systems and state of preparation of biodosimetry laboratories worldwide. The results of this
survey are scheduled to be announced at EPR-BioDose 2022 (Okayama University of Science). The current status of
laboratories and experts in Japan is expected to be among the data announced.
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limited, in any case of radiation-related accident, there is a high probability that
organizations designated as AREMSCs will have to perform this task. Therefore, in
addition to clarifying the roles of AREMSCs during emergencies other than nuclear
disasters, there is also a need for regional or local governments to establish agreements
with AREMSC s, as necessary, if responses are to be undertaken with different chains of

command and radiation medicine systems than those at the location of the nuclear disaster.

_4§O_



3 Mid- and long-term advisory opinions for globalizing the Japanese radiation protection
measures in Japan
(1) Measures for the adoption of new concepts regarding effective dose and operational

quantity in Japan

1) Background of the advisory opinions

It is needless to say that dose estimation is important for radiation protection and
establishment of radiation regulations. Nevertheless, the unit system of radiation dose
used in radiation protection is not always easy to understand. In particular, when the
media reports on accidents/incidents involving radiation exposure, academic
communities must be aware of and provide information regarding the concept behind
absorbed and effective doses used in emergencies and the relationship between the
“Sievert” (Sv) and cancer risk so as to avoid misunderstandings among the public. As
indicated above in the introduction section, in the new recommendations to be published
by ICRP, the adoption of changes in effective dose and protection quantities proposed by
ICRU in 2020 will be mentioned (Clement et al., 2021). These changes are expected to
have a major impact on the radiation regulations worldwide.

Thus, as part of the fiscal year 2020 Umbrella Project commissioned by the Nuclear
Regulatory Authority, a WG on the effective doses and operational quantities of radiation
(Dose WQG) was established under the direct control of the Representatives’ Council of
the Japanese Umbrella-structured Platform for Radiation Protection. The Dose WG was
entrusted with activities to promote the accurate understanding of radiation doses and
examine proposals for linking specific future actions. Through planning and holding
webinars related to the effective dose and operational quantities (total of five in a series),
the Dose WG gathered a variety of information on several topics, including the history of
the concept of doses, risk assessment, overseas trends, biological effects, and
communications, and shared this information within the Radiation Protection Academia.
The information was summarized into the three below-mentioned points to conduct an
analysis of the current status:

(1) Necessary investigations and preparations when a new concept of operational

quantities is introduced in Japan

(2) Responses to problems faced by sites that use the effective dose

(3) Limitations of risk assessments using the effective dose

The proposals regarding (1) are consolidated for regulatory authorities, facilities
involved in R&D, experts, and academic associations as well as those who perform
radiation management; those regarding (2) are consolidated for academic

societies/associations related to radiation protection and radiation-related ministries; and
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those regarding (3) are consolidated for academic societies/associations related to
radiation medicine and those performing medical procedures in medical care settings
(Dose WG, 2022). The Representatives Council checks the validity of the contents of
their proposals and the status of the analyses performed by the Dose WG and summarizes

and lists the key points.

2) Current situation and problems

In Japan, the ICRP recommendations released in 2007 and the recommendation to
lower the lens dose limits have already been introduced into domestic laws. However,
workplaces have been preoccupied with following measures; thus, they are not
completely accustomed to the new rules. However, worldwide, the next-phase ICRP
recommendations are believed to include the adoption of changes to the effective dose
and protection quantities (ICRU, 2020; ICRP, 2020).

After ICRP released its recommendations in 2007, it established Task Group 79 in 2010,
which started working on solutions to the problems surrounding the issue of doses. One
of the problems is that the operational quantities currently in use show significant
overestimates of the protection quantities in cases of high-energy photons. Recently, in
the fields of medicine, research, and commercial aviation, the types of radiation and
energy range requiring protection have increased and these problems have become
apparent. A summary of the new concepts jointly determined by ICRU and ICRP is

presented below:

1) Change the definition of the effective dose of external exposure
The operational quantities for the estimation of the effective dose will be the measured
quantities defined by reference human phantoms replaced with conventional ICRU
spheres using the conversion coefficient for fluence that does not underestimate the
protection quantities. These changes require the use of a human body phantom for both
effective dose and operational quantity as well as some changes to be made to the
equipment and methods used.

11) Change the dose used to assess tissue reaction
The absorbed dose, rather than the equivalent dose, will be used to prevent tissue
reactions, such as cataracts and acute skin damage. This means that the equivalent dose
is an intermediate quantity in the effective dose calculation and will no longer be
meaningful as a protection quantity. In addition, information about the absorbed dose
and relative biological effectiveness (RBE) for tissue reactions, which depend on the

type of radiation, are required.
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International guidelines regarding these new concepts of doses and uses are being
drawn up and will be standardized in the future by the IAEA and ISO.

As opposed to when the protection quantity unit and tissue weighting factor were
previously changed, it is not appropriate that the introduction of new operational
quantities is informed to only those involved in radiation protection and management or
that only technical problems associated with this introduction are dealt. Therefore, there
is a need to investigate the effect of changes in operational and protection quantities on

society as a whole and respond to such changes in ways that minimize confusion.

The response to and problems associated with changes to the protection and operational

quantities
The effects of changing the definition of the operational quantities and unit of the dose

limit for the prevention of tissue reactions from the equivalent dose to the absorbed dose
have already engendered much discussion. For instance, regarding measuring devices and
calibration procedures, there seems to be a need to increase the detector response to
photons of >3 MeV or neutrons of >50 MeV and develop detectors that can measure the
lens dose more accurately.

The Nuclear Safety Research Association (2020) conducted a survey on the effect of
introducing changes in the concept of operational quantities into domestic laws and
regulations on the measurements and assessments of operational quantities using a
radiation measurement device. The survey it made clear that such changes will result in
alterations in the conversion factor for the radiation measurement device as well as the
response to standardization by the ISO, the International Electrotechnical Commission
(IEC), and the Japanese Industrial Standards (JIS). They will also lead to changes in the
terms and symbols used in manuals. Their report summarized that it will be difficult for
calibration laboratories, manufacturers of radiation measuring instruments, and radiation
management operators to deal with the expected changes in the concept of operational
quantities in the future by themselves and that it will be necessary to work in cooperation
with each other.

Regarding individual doses, the design of personal dosimeters, the calculation of doses
by personal dosimeter service organizations, and the management of radiation exposure
by users will all have an impact. Among these changes, the change from equivalent dose
(Sv) to absorbed dose (Gy) for the dose limit for the eye lens and skin will require
additional calculations that take into account the RBE of neutrons in the neutron—photon
mixed field.

There are multiple tissues and organs that are subject to tissue reactions, and the

responses vary widely, e.g., in the case of the skin, early transient erythema, main
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erythema reaction, temporary epilation, and permanent epilation may occur, and
depending on the type of radiation and amount of energy, the biological effects may differ
(ICRP, 2012). Thus, examination of RBE, quality factor, and radiation weighting factor
are global issues, and Japan’s contribution, which is at the global forefront of particle

beam therapy, is greatly anticipated.

Effective doses, their use, and problems associated with them by age group

Effective dose for radiation protection is based on the average dose to human organs
and tissues (ICRP, 2007). Calculations of the equivalent dose to organs and tissues use
adult male and female reference computational phantoms. Regarding external radiation
exposure, in recent years, the ICRP has set irradiation conditions for whole-body radiation
exposure and assessed the dose conversion coefficient. In ICRP publication 144,
phantoms and the effective dose (rate) coefficients were provided based on age group
(newborn, 1 year of age, 5 years of age, 10 years of age, 15 years of age, and adult; ICRP,
2020). It also provided dose coefficients based on age group for types of internal radiation
exposure, such as due to the administration of radiopharmaceuticals. Thus, improvements
are in the process of being made to the age-specific effective doses, but these will likely
be ready for inclusion in the next recommendations.

In addition, the ways to use effective dose are also being reconsidered. For example,
as nearly all medical radiation exposure is local exposure, the use of effective dose tends
to be seen as inappropriate, but its use for comparing modalities or imaging technologies
and for risk communication is approved (ICRP, 2021). Effective dose will generally be
used at doses below 100 mSyv, but its use at acute doses in the range up to approximately
1 Sv is reasonable.

Effective dose is the unit that is most widespread in society as it is an approximate
indicator of the potential health risks. However, there are a large number of rules
regarding its calculation and use. Documents related to radiation created by radiation-
related government agencies for lay people include explanations of effective dose and the
unit of Sv.!> However, as they are misused from time to time, it is important for the
stakeholders to have a common view of the meaning of effective dose and its intended

uses. In particular, it is necessary to prepare for the dissemination of information on

13 Examples of documents that are currently being created and revised by government authorities and agencies are as
follows: Cabinet Office, Consumer Affairs Agency, Reconstruction Agency, Ministry of Foreign Affairs, Ministry of
Education, Science, Sports, Culture and Technology, Ministry of Health, Labour and Welfare, Ministry of Agriculture,
Forestry and Fisheries, Ministry of Economy, Trade and Industry, Ministry of the Environment, Nuclear Regulation
Authority: “Basic Information on the Risks of Radiation.” Ministry of Education, Science, Sports, Culture and
Technology: “Supplementary Reader on Radiation.” Ministry of the Environment: “BOOKLET to Provide Basic
Information Regarding Health Effects of Radiation.” Consumer Affairs Agency: “Food & Radiation: Q&A.”
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effective doses by age group as it is likely to attract public attention in the process of

being improved and completed.

Explanation of the risks of and problems associated with the use of effective dose
As for the relationship between effective dose and risk, the ICRP 2007
recommendation states that the nominal risk coefficient after detriment adjustment is

about 5% per Sv. This implies that exposure to 100 mSv of radiation is assessed as
increasing the risk of death due to cancer in the cohort by 0.5%. The calculation of this
detriment-adjusted nominal risk coefficient is based on whole-body exposure to low-dose
(rate) radiation because dose and dose-rate effectiveness factor (DDREF) and tissue
weighting factor (wr) are used. Therefore, this risk factor was used for risk
communication with regard to the Fukushima Nuclear Accident, and it is widely used in
Japan.

Previously, DDREF, wr, and radiation weighting factor (wr) used the same values
regardless of sex or age group. However, more detailed phantoms such as those for fetuses
and pregnant women became available, leading to the development of extremely detailed
absorbed dose assessment based on age group. Hence, improvements in effective dose by
age group are underway, as mentioned above.

On the other hand, looking at the situation in Japan, more than 10 years have passed
since the Fukushima Nuclear Accident. Eventually, when the latency period for cancer
has passed, the causal relationship between individual exposure dose and the induction of
cancer will become an issue. Therefore, there is growing need to explain the contribution
of radiation exposure from the Fukushima Nuclear Accident on cancer induction. In
addition to risk communication during the response to an emergency, there is also a need
to provide an explanation of the risk consistent with a variety of radiation exposures in
day-to-day radiation care settings.

The ICRP released Publication 147 to elucidate the use of dose in relation to health
risks (ICRP, 2021). Effective dose is used in medicine for a variety of reasons, including
comparing doses from different medical procedures, informing judgments on justification,
and establishing constraints for carers and volunteers in medical research. When
explaining the risk of medical radiation exposure to patients and clinicians, there is a
continued need to be careful to avoid creating misunderstandings such as that “the
effective dose can be substitute for specific risk analysis for individuals.” Thus, the ICRP
(2021) recommends the use of general terms such as “can be ignored,” “minimum,” and
“extremely low” and phrases such as “the radiation risk to those aged between 0 and 9
years is approximately double that of those in their thirties.”

An effective dose of up to 1 Sv can be used exceptionally in cases of radiation
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emergencies. However, in the case of the plutonium internal radiation exposure accident
that took place in Japan in 2017, the committed effective dose was reported to be 12 Sv.!4
It was confused with “the exposure of the whole body to 12 Sv of radiation” and led to
the misunderstanding that it was similar to that in the case of the JCO criticality accident
that occurred in 1999.

As effective dose values tend to be perceived as directly linked to risk in medical
settings, those involved in medical care need to understand the meaning and limitations

of effective dose and provide appropriate explanations regarding this information.

3) Advisory opinions

As mentioned above, because the changes in the protection and operational quantities
are so significant internationally, it is important to have a system for understanding
international trends and discussing the status of domestic studies in a comprehensive and
long-term manner. The Radiation Protection Academia proposes that regulatory
authorities, R&D organizations, experts/specialists, and those involved in radiation
management consider how to deal with issues such as how to best perform the calibration
of measuring devices, confirm the validity of measurement methods, and standardize
calibration (ISO, IEC, and JIS); how to handle situations in which validity cannot be
guaranteed; and the effects of changes made to dose records. When doing this, it is
desirable to promote communication between manufacturers, those involved in service
tasks and regulations, and stakeholders so that they understand the background to any
changes made and sufficiently discuss about the changes made. In addition, relevant
academic societies/associations and those involved in radiation management are expected
to collect and sort out the data on RBE and ascertain the effects on the various tasks they
perform, whereas R&D organizations and experts are expected to provide information on
scientific data regarding RBE and the predicted impact on tasks they perform to
international organizations.

In addition, in the view of the social background, such as the increase in the use of
radiation in medicine and social concern about radiation risks, it is necessary to correctly
understand the use of effective doses and effective doses by age group, not only for those
involved in radiation protection but also the general public. Therefore, it is recommended
that academic societies/associations related to radiation protection work together to
prepare a report that structurally organizes information that can act as the basis of
providing such information to promote the understanding of such concepts. This can be

14 pe Japan Atomic Energy Agency (JAEA) published “Contamination at Plutonium Fuel Research Facility of Oarai
Research and Development Center (follow-up report)” (June 9) and stated in the table of measurement results of “Nasal
smear and lung monitor measurements” that “Inhalation of 2.2 x 104 Bq of Pu-239 is equivalent to a committed
effective dose of approximately 12 Sv.”
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prepared in the form a glossary on the aspects of internal and external exposure, radiation
management, and medical exposure, making it possible to establish a common
understanding of the meaning of effective doses as defined by the ICRP and the
implications of the use of effective doses by age group. To efficiently disseminate this
common understanding within the Japanese society, it is proposed that radiation-related
ministries reflect the various contents of the report prepared by the academic
societies/associations in their own publications for the general public. When academic
societies/associations prepare their reports and when government agencies update their
publications, it is desirable for them to cooperate in conducting academic conferences,
symposia, seminars, and workshops and solicit opinions online via websites so as to revise
together with the involved stakeholders and disseminate information throughout society.

Furthermore, there are cases in which effective dose is used to explain the health risks
while justifying the application of radiation diagnoses. Therefore, those involved in
medical care should have a sufficient understanding of the meaning of effective dose and
its limitations in medical use. As a result, the Radiation Protection Academia proposes
that the academic societies related to radiology sort out the issues concerning the uses of
effective dose in medical care settings and the meaning of the risks, inform those involved
in medical care, and prepare standard publications that provide patients with appropriate
explanations of these issues in cooperation with the academic societies/associations
related to radiation protection. In addition, it is expected that academic societies related
to radiology will assume the task to continuously update the methods of explanation to
patients in accordance with feedback from practitioners in the medical field and advances
in diagnostic radiology technology.
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4 Conclusion

The basis for ensuring the safe and secure use of radiation is the prevention of
unplanned radiation exposure. However, as it is impossible to completely eliminate
human errors, and incidents such as the dispersion of unsealed RI during work-related
tasks and exposure of operators to radiation during IVR tasks will continue to occur.
Workers should wear dosimeters and PPEs during work to take appropriate measures to
minimize exposure when such events occur. It is also important for business operators to
review work processes, training contents, manuals, etc., when introducing new irradiation
equipment or occurrences of near-miss cases, to implement the PDCA cycle, and to
constantly share information so that the causes of accidents can be investigated and their
effects can be verified. As for the incidents of contamination of sealed sources of tritium
that occurred in Japan in 2013 and the loss of animal carcasses administered RI in 2017,
the survey found that half of the radiation facilities in Japan still do not include the
response to such incidents in their manuals for radiation hazard prevention regulations or
emergency response. Therefore, the Radiation Protection Academia makes specific
advices to business operators regarding accident prevention and the swift handling of the
aftermath of accidents. In addition, regulatory authorities are expected to implement a
PDCA that will promote the disclosure of information related to accidents and incidents
by workplaces, thereby promoting their analysis and verification by specialized
organizations, which will eventually provide feedback on the results of these efforts to all
related workplaces.

In the events of a large-scale radiation/nuclear accident and nuclear terrorism, there is
a possibility that large numbers of people will be exposed to radiation. The Fukushima
Nuclear Accident provided an opportunity to reaffirm the importance of individual
radiation dose assessment. Consequently, in the field of physical dosimetry, attempts to
solve problems associated with the monitoring and triage of 100-1,000 patients are
ongoing. As for biodosimetry, several methods are available, each with its own strengths
and weaknesses. Thus, there is a need for specialized organizations to cooperate in
resolving the weaknesses of the dicentric chromosome method while simultaneously
developing dosimetry methods that are suitable for the triage of large numbers of patients.
Therefore, the Radiation Protection Academia provides specific advices to AREMSCs on
the development of infrastructure for cooperation among them and requests experts and
specialist to cooperate. It has also proposed that the national and local governments,
which plan and implement nuclear power disaster prevention drills, should incorporate
training in dosimetry into their drills.
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Changes in the effective dose and operational quantities and the adoption of these
changes in Japan are issues that will continue to be discussed for several years. Although
not urgently relevant to the two abovementioned recommendations, the Radiation
Protection Academia provides advisory opinions that those involved in R&D and
management of radiation cooperate with manufacturers and service organizations in
standardizing radiation dose meters and calibration methods. In addition, in Japan, where
social interest in radiation has been high since the Fukushima Nuclear Accident, the use
of effective doses, especially the appropriate explanation of health risks using effective
doses, is an ongoing issue. To ensure that effective doses by age group, which are still in
the process of being improved, are not misunderstood as risk indicators for specific
individuals, academic societies/associations involved in radiation protection and
radiology should cooperate in establishing a common understanding of the meaning and
limitations of effective doses. It is also hoped that this information will be shared
throughout the society with the cooperation of radiation-related ministries.
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