-] 2020.10.
2020, L8+ oiZ EFE Aol

= Hi 1 A O Al
S3AI0F BAME @HS J19] idd
Stemming the tide 2020

The reality of the Fukushima radioactive water crisis

fuin

o
o

. _"'rll.'rﬂ ~;



dx.doi.org/10.1016/S0140-6736(18)31891-9

IS,

£ B{L|(Shaun Burnie) J2IT|A


dx.doi.org/10.1016/S0140-6736(18)31891-9

2 oI AL O A0} Qb Al HIM UZHS & 159% S
ALICE 4% 7|30 SOIsHAl £8920| Astat = 1A w2l

2020 SFAI0F =t asoid= J2im A0 SIHBZRA DS SAXHH 20

SINEIN,

FEASE T g3 292 N w2
T T 43
o 2 T 2 of 2 A g ol
% 2 o 43¢ Ao g
2 o IR A g
° 43 I A 8 of
<R 4 7Y oF 3 %
I TR o o =
3o 4 e A U BB
4y 2 of Lt 2 Lt 7
k- -t 22
=TS o 3 o S o=
A = 0 Nl 2 7 2
I =9 ol 2 M
A e 3 ol ol 2 A ¢
2 7 ol ot Ct 3 2 of Lf
4% 5 2 8l g 2 o o
4 3B o H 2 o & %
4 4 TR o] Al
2~ gl ap & o of 4 Bt
4+ # & o o] 4 %
A xS o g X
1% Ny e of M

>

d

4 | 23AI0FHLAR

O
og

490

0:

o
rot
i

oA

~

0

X~

0

P
-

P

[H>

A

E

fvay

H>

2l

it

o o ot ot
OH

k-

ol

O

ro

2

rg

o
x
(@)

2|

FO

ot

JZm AT 2019 WEst A W HOME Soff 22 YHO| A0 P oY
UF A=S Z2% X| A2l 21H0] X|RLCE 1002 £0] 2 Hi= U= MO
N2 YARY ARE Zedst S A0 AN £X[0 JH2E UCE L= HRE L
901 EtA-14 S X2 5= Q= YA #BO0| ZHE LH+E ENFY HiCHO| H
2|7|2 Lt Ol= FFAIDF # ofL|2t MLl XY g0l 7IH2 2 XYHel 2

AN
%2 YOI MDA, Ui HEO| HIZTHZ2H D2 YRS 20224

1]

TEE] 2050HL] S2IX| A &2 20|ct
U= YRt I 2 WOk E 0|42| 2 X2 E S2M MF'E UESOoiLY

kl oX

=
ol ABCH 2022190] £ QA4S XY F20| T GICHS 2, WALY 454
A7} QS L RUBH AR 0|1 10| RYSICH X, H2I0|X| ‘247t

OfLIZh= A, U& 2lof THE thRto] gitts A S0l M2te| LiEO|Lt.

2019 S A Y H M9t 20| O ENME 2R YR =
HAEE M &S £0|10 JACH= A S ESLHOX; =H3YCE OS2
O|RZ LS 0[0{7}= SO[Ct LY+S HICHY| YF{SH= ME42

—_
M2t ME0|T FZAI0 AT Tshs BE AT HFOZ sl 20|

Feot| ufZolCt ShX|TH 2= YHO| Higt = HeE| S FA|0F |IW2 X =0t
SE2 SE L2 TY, LIOP I A2l oGS TXl= AP2E HE Aot =
FAOF Y= 271= 2 ME 32U ARE 2ES|= fI”S X2HE HOIC.

O LIZIL} 7|1Y¥ % 20118 3 A|0F AH Af19t O| = Qlot m|dl ofutE =|{Hot 2
AUCE AZHO| S2HEA, EIFHN AR HR J|BUS2 0] 27IE A2AE SEE

701 21 Zet O3 J|Zke] 2| 2o =RHS A20joF XIS Ha| 7120l Ach
2 XSO1X| O CHe AHAIZ AQIRHCE I, AR 3 12| 104490] X|t £120) S0

OK(20201 88) CHASHIZ7I&(0lct ALPS)Z K2|gt 4 giis EtA-147} 2220

RHRIT ULk HHCY.

O HITHR B2{EILHE 20| ol $TAIDF FUSS B2 Y=ol M2 0jYHS
XBIOIU, $2A0R] 40047 XIXPH, 1211 L Af2| HA0A HThet 2247} 7
£E|7 ULt Yol HOIH WIHS, So| $hAQ] Hrhs 0] 2XE L ol ArST
ZSHOIE S OJFICHS AHLZ HOIECE 3t 0] ZFS | oY U M7 of
o B3 YIS HEECE Y HHs ONAE W2 0/0] OhS HUXIT, ut
o 252 A4S Holct,

ST 0T Tt AT} $AS HMUS| A At IRMAT} HOHSHS, RLSH
A3 TH53 TIORR 7| XY T B KIS KO 2 OYE X2l U et ots HO[Ch
Ol F20] A% THs 3t oro|n], 7] HorS S3 O HME 7I&0| e n Mg
E7IIHX| EEPH AIRKE 8 4 QUL I, AESANY XY 71240] S0jLt= Hatos
HZH0| AT} QU= WALY $E0| QI XBECH SXIHSHT RO 2 2Lt 0
£8 Y7102 XY U N2lots U TRN0L R0, Y 2, Lot XM 2
SHI9| 242 U B, oI HSE Qo £8 4 U= RUH Woro|Ct


dx.doi.org/10.1016/S0140-6736(18)31891-9

Tl
z2 U8

SN0 BAE 2 2001

10
rot
1z

(@)
%)
>
QL
=
S
w
c
=
5
)
~
(@)
=
@
®
>
©
®
QL
0
™

90| Xl 57} 42

X5t 2% 2|7t D[S 2 JE = AL T Eo| et 2Y 2X|2| 20| 2OIX| &

1 QUCE FFAOFS] MtX|C S HEM BT 22X 2 {YEE Xotr2| S22

M =]
CtA ZEAZHOLE 2018\ APH QYUY 140E 0|42 |XI6t ULt E3| EfS 0
=17

[= T |
650m® O[22 SO0{GICE & 2Y A2 20204 LMK 1372 m*22 S0{E A

CIAZx|AHEH|(ALPS)2| ZE

* EZHAS 0[0] 2011H0| AEEE-90TH 22 TH SofEt WAL WE S8 8
A& $F0 2 WAL 433 013 7|Y B22H0|ES HEHH AHo| UK. F

220[EL WALY SRS TSH 2| 2OfoIN 40| ZS BRokn 3

oL}, =ML E Aot SIEHKIGE 2IXHZIO)LAXI(SIEFXIGE/ Ofot SIEKIGE)X

2 20| HD JIt AOFS Wk

[=] =2 AL
ZE0] QU ALPS 7|52 S0 M2t ERMAT AR ERLS WAL SES B

A
t

A £FO2 WA EI|0k HISI87IES HEC

-

o .

ALPS2| Z 110 Chish M= 01X3] Q|2 M| ZXHsH= 4204 22 72%0l s
SHe SA0H E0| 99124 2Kt X2 28 HIAET} 20201 10 O FE/0] ULk,
U QIR Y(MOFA)S T2A0F HIRH 24 2H|S X7/t UNQIHE S E Tt
SOl ALHA HTE HEEZ ASUCE OIS S0f, TS 20204 620j| “4F
SAE HQISt LSO ALY TS ATAOM HZH3 £, A LHoj X2+2
OFEISIA| XIABHL. Whatd Y30 HEE X2l 2ol SHESIX| QH=rts
ATt ChE FYEE HeCt
Y RE|= EFA-142f AEEE-909| 2814
* 20201 88, EFMAS AERE-90 5 Quliet DEQ| WAL HZ Qo= 1K

3} H2|S OFK Q40| ST o EhA-147} EXSH= ALAS HSO 2 QI

Che

30'H0[H, M|A| 21|
= MCioll ZX XY, XY

AL =5k &

* JRmATL Z Rk FE1t, 2933)= 2022
O] 7+Sdtct

i [
QIOLt N

A
b
d0
tot

ri0

SATHORTIE WA 2
| B271012.5)7t HriEo 2
SA40| 917 URY 22TBGS 7I1E
BR6HH 202040) W HASHS 2ol

EH
o 2t ro

rir
ox MY

dr ne
4>

ic]
i

0
U
oF

FI, 2035 7EX| HEE THA|
HISH 2t= AIFQ| X212 3 Y=Lt

I
t

2= LI 2| BHH 0122 UN 2IO0IAf2]9] =X X7
EE WRsl2H= B
Of 7|53t 240] OfL|2t Ui o]

* Q| & JHX|2E BOj2ts,
SHA ol HALY Pokof Lot SHIE 2fst
HXIH O|sHZHAITE 1245t Zil0] EHSIC

* S AN|0te| 4009 7H X|XtA|2} 0f
CHSH ZH6HA| BHCHSD QUL HIATE £2ZH(Baskut Tuncak) UN

o = S —
2 “Qizt ZQIKo| Bl 4

2|, 2= U S Ch7t M 2| 218 AR

i

SHM, Z:7HE0l hAp
OEHE| AAZ HBBHE AL B TS ISO| QO SHBIT, Olz2fet ARl

7t BABIM = ¢ 5 OO otCts 11 AF LY.


dx.doi.org/10.1016/S0140-6736(18)31891-9

20204 9 14 7|EC 2 JAXIE HZt» FUA KE=157] 2.8 m*/h, 257] 2.8
m*/h, 327| 3.1 m*/hO|CL™ & 216m*2| £ZEtH, F Fd 1,512 m*2| d2t7f 374
2719 $AASE =5 Eli= AOICt BIXZ 51| HY25= 27~36°CO|Ct

r40
P
HIU
ok
N

[oF
La=
=
o
=
By
[CoF
=
i
o

=X EXl=E Y =71l BT AILSHAM LUSHHS Rl
F XNE2 0|5 s &S| Rt IZT|ATF 2019 2O MM EMS| 2Yet Hiet 2
nl 2

Ct.
Of, =R Z=X|2 sj| B Axl 2 X7|0fl= X5t FRUZO| ZHAMUC.

—

+

of
o
2

|_|1 = OO0l _._| ==

= T —_

X|0I5/HIZS 0]  szunmnas 2x1z s xstae o o5t

O Iﬂ xq SEE 4 QI JHS A CHSH, SRS IE0H Boist QRS THSIX| UYL St
Ao O||= “MOllA U= X[ot47t YIXIE HER KESH W

o ZBtE| 11 ZABIEIC) 0|2 QI8 NEQ WAL SRS Bt 2(¢

MSICP T ZIM o 2 8s| 1 QUL

Az 2HE
C

XSt 2= 0175] S Z=IX| Q42 HEHCE. [h2tM, 3 L XYE ¥+ M= 2
PO Y= AlS S0 AOICE BX2 FYUEE Kot A B=Z2 B2, 718 &

AZH 280l(ex. 88) &t EXPIL 3Lt

20201 38 =EMH2 CH3at 20| B0t “AXt2 /B HEZ RUEE Xt
ot Bl=2| 0| 2 106m°, X|5t4 Hij= Al QoA HXIZ/EE ASE 0|
0| OfY 7 m*0| 22 DY 11322 Y7t LY S = AU Y +=Xl= L=
20| 00|AT F7Ho| ZFH Zi0|Ct. 20204 8 E 1 LHE2 CH3at ZCt. “|IXt2/
Bl ASZE FYUE= Xotr-2t Bl=2| 0| U 41 m?, X[Sh= Hj = A0 A JAXt
Z/EE HSZ 0|Sot= =2 0| Ui 6222 DfYU 47:=0] 2S0TICE™

kl =] S RF0)| M2 20201 8 202 7|FO 2 FTAIOH HIFH 1,04171 Y320 2 Y BX2 RUEHN 285 = 22 S2 S MEN ¥s0l o HoliE & UL oIS
— ATt HMEE|O] UCE STA H2|E 24 HEHT 9447H, M&/AEZE Kot X S, 2019 102 ENZ S17|H| 22| BFO =2 U 650m’ 0|42 2 SIHACE 4D

2|5l @914 XZEHT 7171, AALEQH(Reverse Osmosis) X{2| B4~ XEEIT 2471 W2 ol 2YHTH A2 XSt 20| AL TIA-E| 1 QU7| IZof, =2HH0| F&
QUEI B4E 5t B4 27H0]| SHESICE 20208 8 27 HXY A0 H|1RH U2 2U+E AL ME(R X2|)sHOF StCh= Z40|C}. 20194 12 I AT} Shast
(1-437)) MEEHT L) 294 £ 1235 907E0|Ct° EESE 20194 St H &l HE HfQt Zo|, TIE F21 X|st4- 2 S 2014'H0| =EHHO| FETHIE ‘022 &0l
o =™ AXtZ X5t & CHE 40| HE0] U= DF| 2Y+Z 16,1100 A2 EITHO| WYl 7|2 S7HSOICL M2t EIHH2 oo 2 AN £X|of 2
SH" EfEYL 2 2| |EE fI”o| ALt [RI FMR2 S22 FHE= HES WA & Ao|Ct,
£ME1-357| YXIE LHo|= 88 HAUZ Tt HoIl=r|, ERXMAL 0|5 Wzt E8E HAZI} HOtU= o, X5t LU AKEICE A2 = THS0{E Yo W
617| QoH otF0l| 5~ E2| HZ+E AlLohM HER TSt UCE S FA|0F K12 H EQ7FEN Y2 AoICk oE

= S0f, FFA0F XMNATL| 371 AXE =42 F
=

H1-337]0| IEW(RTa|E, S EP 83 Aol SHUE)S 609E0A A 88 M AERE-909| 557t 520PBqRH 22 AFECLS 15 EfBYS

At

== i — _(')_, E_
1141 Eo 2 FHEICL ZAZH(nominal value) 880E2 7|FC 2 KM 37 /X2 UEE A2 1~3%O0|Ct” LI X| 2f 90% O| 42| AERE-90 HFES LUTALH &
ol U2f QYT YIZZKLC} 3 48] T2 Z{O|CLH2 0| RS SHOIZ0|| EQIE|= LiztA B oo FHotlen, U2 YR A, UF Ao w2t HEEl= AELH1,730
L D AZKS| DXQ| QAT EICt S3AA|0Q] AFREX|LH G EH2ELIo) A X EHX|2 Tt Hi B2 O|Ct O] APt A2 AEEFE S 10| RYULIX| RF=F Ttofof SHCE,
oolc|= X|§tA0| Ok ZFASII|= sHO L L QX}2 =220 ol Sk
TREIE HotTAl B2 Baobls MM, 2010 EXIE HERs 28 ot et ojn] QI EHAR S2SOIS Xioho} 42T, ETHAL Xol O
ocolzk2 180m0| UL}
TEeE “ STHAIZ =halot A|2l0] §130| 2YSICE HEsA%4 AEEE-902 BT (LAY
RS2 EELE Z271 whlstH RUP2 22| 7Iett. &= X5t 2Y¥S UX| 0| 50%2 3t= ol Zel= AlZH7F 242 12,53, 28.8H 2 2, O] FIH2| Aty 4
25104 2030E7EX| 800 E0| Q4T XJIHOZ HXME! Z{O 2 Of| AEICES ZUX SOl|TH A 2I=0] of 125~290H ZH EXNSHCH= TO|CH (YEHM o = HIZET] 103]
BiA o1gst WQ It Q= HEO|Ct AR HMETLE IO 2 HEXS|ZICHT Q&istn Q! | Y7122 7HF). SEX|2E Y 0flE I Yo HH|7H D 21 ALY HBE S
L Q4L 0|0] 100THE O|AH0| M % 101 LY 2008t EC 2 S0 4 QICt 917t O| Ct=~ ZEHE|0] QICL O & S0{, AAMAS REUSH= YA HF=2 AT 22
Q4 NFHH|IE2 Xl 1,0004AM (9 22{)S A7E MBS E-129& 27171 1,3008 H0j| EFotc},

8 | STAIDN LAY Q&4 QDlo| Bil 202 SR


dx.doi.org/10.1016/S0140-6736(18)31891-9

F2E10|EL ARt 20N CHst 224 %S Bt 030| 84 H2| 72|
Ch. 20114 F22t0|E SIEFKIGE #1X121 OfLAXI(HGNE, Ol6t SIEFXIGE)2 21 &
FAIOF HIIZOA 7] ALPS HIAE AH|S 2L s O B2
20| E0] M2W, AEHAS HISH 621 WA HES BE HHE 4 UUCLY 8}
X|Bt ALPS AH|o] 7% U 29 #oFS Ujth 242 F2210|E7} OfLizt EAHKAIS

MO 2 S|EHKIGE7} M) UL, F2210|E= HIXISHCL.

O
AU 02 >0

E >
rx =t
Jjo

O|A2 =RHH oAAY RFYS UTY STt AHOICL FE2O[EE +X2] 2
OFOflA] =4 ' Zto] FHO| ALt = AHIRL SIEHKIGE= ZB0| MIULE 01F FE
2t0|E= mol 2 253 M7IUCE S|EFXIGETt F2EI0|EQ| FY7IR0 ol
27 EE 517t §0] M3XFo|A| XS5k, o] FEE AHE0 23S ALPSS 24
22N HIZ FX| AS F2UCH= LHEOIUCE

ot

FZot0|EJ}SIEHX|GES STHZE X|7[et 2582 SAHXRE BEH, =3TH0| 7|5,
B HoM O R0t A 2 FHE[= HH|E EYUSHK| RS2 2M, ALPS 450 &2

HHOl YEFo| AAUCL F22I0|EL XA 7|EZ 2011 HAE JHE 5 637 WA

[J' _I_I'IIJ'I = o of|7x = 2Y= - —=—OT = === oM. — 3, MO QIk|SICF T BFSICH 28 2 k= = 3 X240| DiA|sE Ho 2 I:=|I-|E.122014I_=| =14
10 627H HIALAM SHE=ES BEHE AT 02 M| HE £ Q= 710] EHOISHC} 720 12k SAIBITILL HRICE SEX|= EIHA0] YARI 2o 2, EITA2 ==
MH|(ALPS)Q| __ T T P MRS THS 12 SH2- AERE BEE BUS SET RE A
= % 2|0t H12IH| CHYSH 74 AH|(0]5} ALPS) 3THS AH8SH Q94 Xal2 Wit olch’2Hs YFOIULE.

alllj M S8 S O] ATECHS AF0| 20184 82 IHEISICH Y 20184 9% 282

Z9%t A2 SIWEO0| ALPSS| M2 37 AE SHX|E H2F ZHACH= 20|
Cl. AN 2 USIRIH, =RXHO| 2= H7H5t2] T AT LAY 3HZF 0
A R A S| WEEICH= 2|0|CL AZE LAULE 2

EE-90, Q9 C-1299} ZH2 A ZO| = 2011 BE22}0|E 7|42 Masl
C RN =M X2l 69 5H E £ AERE-909| 5= 7X4|7|ZELCtH 1008 2 ECH8W =8 Z10]|C},

FUHA2 XYE LY+ ST EO| IS YA SO0 ZHE(0 e, O 5 "
—
yu—

I S5 618 71t SCHs AHAS QUEICE 20201100 XZHE 24
C

L

LLOAM O - —4—OT

[
72%0fl sii'F = 788 ES 2XH M2|SHUCt WML

O|AM =C}, QE EH 3= J|=X|Q| 20t HY &~FO|Ct AEE2EL2 71X Q6|o HiArA el
ol = 2T 82 ., EXI2) iy hs - I oo S o S rf,i | RE2EI0|EL 20174 72 S HIZJ) TS0|M ChSat ZHo| Bt
S0l £5tH, SAIE U 2INof s=EI2= Al stZ0f| FRE0M= ¢t EiCt Zaat
FASHHEE 20|7| IZ20]| 2= S&(bone seeker)0|2}11 S2|H, WY = “FE2H0|EE HIQJotH ERTHO0| Ix HA[SH AE 7|ES IE 5 U= 7Io] 8l
HoHor 9I31g EQICh SAHS IFOH ALPS H27|EE WA S “HiSsIS CHe AHAO|= =249| 0fX|7} QICk. X2 S A, SIEFKIGE % 7|Et 7|2S0| LS
1E OS2 RE 5 UEXE 2YS| HoIX| RUCL =32 2018 ALPSS) Ol =~*2/0ofl Huliet O| = HFZ 11 WFO|C}. "0
AMOHE QML BIHE 012 EME EM ALPSI EHE £F02 QUE H2| Y coatolE ol £ 2ol & Ixz0| DEA|Z EEAZ] AFALS 4 9%y ol o
iL 1ILX|= = =2 = =3
MSISIK| ZIICH= 2H|= 201310] 0[0] QIX|sta QICH?S FZCI0|EQ M| 7|50] ER2THO| SHXE SFAMZ A2 20123 28 2= ¥
XTI 7| AEA)H SEEO 2 stolsh u U S7XtR0| MEH, =3
ALPS 2H[7} diliot Hli= O|R7} ULt XML 7|58 MEHSt 0] otL|2f 7+ XH =2 201210 0|0 LY (MHEA Q) LY ot HEL Z0f B HALY SHE 62
ot 7158 MEiRY| 20o|Ct J2injA = S 30| TRAOF AT LAY ES H| I B =22 F0|= 7|28 &R & QQICH S IX0| E22}0|EQ} THEL A
A 7182 284S HESt= MYA~(DF) X2| ZutE TS S5 Sb=Ci= H2S RX|SHK| Q1 SAHERL A[FsH 242 ALPS X2| Aujj7t WAlist S 2910|%
9|=0| AtAO|US S SHQIFCE. S 702 Ho|H, ERXY LEHo 2 & 0| 22{st ULt 20174 F2aL0|E
= = 30| OFOIAER} “=AlHE 250| &% 109 0|4 A&l M HE 7|ZS UE
20181 6% ZIMEl QIX|L|0f = 2}X|(John Large)= JRIMA YRARAQ| 02| R CI) i; EIIEF LZEHI HLIHOPI;ER*H&IO ASSHM HE 7|ES U5
2 o| O|7HA= o
utop ERM0| X Z3H ZHAIE YRE AENUCE EITHL 20114LE] CHASH G| - X O SHEM TR H A0S A8
O|HE &xsl oLt 1 P S SEXo 2 ABst= A2 A S71sT 42o| FE2IO|ET ZRX|LHAU0| HETt BH XA=0= XA £X2| 7|=Hat HES
Ct Xt 24 = 3= =30 0|0|E{2| Fehdo| A2isH| 2| EICH= 228 LHRICE 2 MAMI%] 7|&T LHBE ZHEI0| U=0|, SIEHKIGE = EAHO= YE{X|X] Qi
O|E &M, 2016!A HIO|E 20| X2| = M&F-1372] s=71 30Bq/IZ &27|%[0] /U2 LH20|QiCt.3 a2ImA 9| 20191 18 2 X0 XIN|S| oig &l HEQ 20|, o{7[ofl= &
O] “sfie B 318 71Z0f Sate HER HErsh 30j2kn Aol YEEA AT 2 X HZ AZH pH ZF S 2914 X2| 7124 523 LSS ZHE(0] UUCE
Ct2e ZRTHE2 ALPS S X2| 2|2 H|BA |+ BAt ACH= AFS 1 /UASo
= &I 3T 23 “
T ofwA| AH|Q CHE HHE uEst AP SH & AlZHo]| sl F2210|E= E-oIA CH3at 20| ZIS3U0t “HEARL E
£ E4H7E 240t HE MEO] QU= A AlLSHE WS B8 E4E
0|0j| CHEH T2 2|22t e, =ER2T2{0| o= 51 MEE LU ALPSL| AMIHE Ol FUE= Y2 Y22 L= AO[CHEY S+HIE S26t=s 282 ). Hi
7-8t F0jjof 21t O| R = 2= 2 = HO} QALY AENME MM 7S 2aHXQ1 547t 7Hstt TE AlZES &7| sl 27 22

10 | 2AI0HBAY 24 2P19

rot
i
-
ru
=
>
Jn
e
=
1
LS


dx.doi.org/10.1016/S0140-6736(18)31891-9

12

SAI0HEARE 24 I

o]

rot
>

ZYUCL HHEAZEO0| Z0{0F 5H= SHl= X2 AMZHO] XSHEQ! AH|0f| M= AtEE

[ I B
=7+ QUCL JITHE HEAZEO| LT oM CHHE0| 29| S5IX| 42 HEHOIA
20| 27| W20, S+X2| & 453 F7te 4 SiCk. U2, nPS-d H]

o YoHEH| L A 3% £ E2, S0 FOtE fIE HE S £¥E i 4R
ZLE B 5 MBS FHHS = AOICE S XX FE AZE AlLof o, &
X EH| 722 =g HWE AZHS OHE |XISH0F BT 0= HAEA X &
H| AYS mhefsl= o] 0 S &It ="

—

\Jl-l)u-l

FEE0|E= pH-3F5F ZHO|A 0|2 FFotct. “OlRA(” 2 & FHE3[4]) 2
Bt 2F pHE 0f2] Xt ZESH= A2 SA YA 23] AFEdHs ¥+ Meld
Bk SO RACE THA 2F pHE 012 H Z2FSH= 20| 2|2l FHo[2h= A2 Aol
2EX|X| §52 AHROIUL "

LS -

FECI0|EJF At v 20|

ALY AE HH Z2H|A0M ZF BA ARO[Of] pHE =Xl ZHSI=E EASH=
A2 YAI2| LY -AO] OFLIUCE O W2 =2 2nf LR JARSH CHE AT 88
Ao MEE Yy it= Ci2Ct CHE 24 X2 YYS BH pHZZES otofl 5HX| &
L 2| 2P0 2 5= FEO0| ULt pHE ZESHH FIHFQl &H|, 37 #2vt &
611, HYXSE O H2 Fo7t A5t by X HAY SES FSH0F 51| i

=0Ict.

e

el o|2{eh Q0152 Qs X 2 7H5-d0| B FHEICE A0 M1 A= &
Ha U o2 X Y30 HEE P2 o 102m* oM YAHY HE-S H7{5HOF 5F
= SZOIUCE. TR CiLE HZt=0fl St B7t SRR A0 HE SEH ol 5
FEOE ZOpM AXZO|M LEE= YAME WF S MHEt= S=7t =TIC Hof

H
M YALSHE S HAHYUE Et 88 Ar2|2t B WK A=, O] O|R2 Qlol & 22 84

o ZTL”

T OIE AOl| I3 THY B! WS ANZ UAHO RN, DY X2 4
o kY TS FITE o HBYUCL

Yele FEet0|E0) Chz T4 BET B SOI=L Z2S W ZaEel 54
T Mg U S4E B2 270 o] SIEPKIGET} F22t0|E0| HHE ASCt B

T 277t 25256ITHs A0IUCE. SHX| SIEHX|GERF EFTH2 2 Xl ALPS
AH|IE 75 U 2YOIK| QUALCH= A, 0|2 QIS 2= 2=+ L YAME SES EHE
+EQZ XMa|5H= ol #mUCH= A, RS2 72%= 2Xt ALPS M2|S 1Of SHit=
0| SIHO|C}. FEEI0|E F2 HAXS2S =2 E= ZHILY -0l XA =X
2| =512 R 7122 S30H| 2loh 012 Xt =23 7S ATt 5|2 UL 25 ™
FE & 0|=0| = 0f21¢ X|2t2 O|F0{FX|2, F22F0|E= JuHOFCE HEI UL

Tl

20204
ALPS
2%t Xl

S 3HZL 20201 10URE] 294 2K X2AS Pt TIU E|AES AIZHE 00|
Ch HIAE X2|2) 282 AEEE-90, 225129 5 WAIYHE S8 thE6I

7|E OI3t2 W= ZOICt =20 2H, S=7t HES|E7|F2] 1008 0]-&¢l
2% 2,000m*E HAEO| AHESHA ECt*

ST A2, I 2| AHIE = [ 2t 20t 2ot o JALLFO|CH.

O0|Z0] Z%t Olf = LESIQ 2,7t EIELS YAHY RUS 715 ¢ I
Of U7| 2 OICE. 2tAO| HIHYE 7|5 S S HESITHH E ufjsia & 20|
Ct. O] 22 2= ofEA 2 AR Y2 FRE Ol 2 Y& W20k 7+

Uk FZAIOHRIRE YI0| HEE OOl WAL HF MH| BT SYHO
2z

F
0

. —
SHQIE Hf §iCt O3St 20| A2t E5Ee YE SHE Y25, 0|42 o

o
=X|Ct.

2020'd 38 =ITHR Q4 2Kt X2| SX0| “HFL = WEEE
2 ZIthet S0[7] ISHM 2t EFeH HE QUCL* 0]= =RT0| ALPS ZHIE &
o M2|of IS S At Ao, Y2 YAKY =R HE S

2 RFACH= 71EQ] o443 Beldt= A0[C. F2210|E CEO
ve Brodie)7t 2012\ ZIRRO0|, “2¥+E F3Is10] L2 = QTS LESH|
QIoH, 6271 LALYHE RE EHE FEZ W= A2 XM, o, 5, 21
=, Y5 7|20 BF S0t AFQHO|TE. 6271 HALY E F oL Sttt SHE
E0f| =X RotH, ERFHA2 XY YIS =7t SX6H0F & A0, TFAR R

A
EFM0| U E mi7hx| 3 o, S 2ol =52 5o gick™

o
>
0x
Mo
A
1o

ALPS &Ii2 QI 2+ ?17|= FFAIOL 7|Et 22 XY, J2|1 IH|H2= 0™
5| 2 =20 E|21 AUCH 2K} K27t 22| Qe YA HF =5 HIESE7

F OBI2 W= Ol 43 &= ASX= X7HS Lo|ot EFMH2 HE J|ES 4

ZF5I0] YAKY SRS Z|Theh QACH= oF &S 0[O 22H7Tof| MHTICE


dx.doi.org/10.1016/S0140-6736(18)31891-9

SAI0F LAY 24 V19l

AEEE-90
X JIE

R

Q912

S ALA
EtA-14

rot
>

UR YL AFO2 WEE WALY BTO| AHYS =HOR FA0tT ULt 8
of WAHY STl WA AERE, 29C, BRER0| THECL AERE-902
TH3 QolEt WAL B0 SotH, SHS L K0l SHEDR Teh 20| KU
OfMi= OF EICk Zrgsdl QAR 4TS HO|7| W20 #E4 E(bone seeker)0|2t
D= g2, Wy £ E 9I%S £QIr,

X = 8l A(Woods Hole Oceanographic Institute)2| 7l Bl&2{(Ken
Buessler)7t £|2 & 15t L0 2, » AEZED} 62 DEQ| WA SHE o

Y Y= EE N BHS0 O €A |YUECL OIS S0, BA-14= 0R L HESH
o

tu

_=

.
[¢]
|

A7t &S0 ST HY =0 ot IUE-60 52| SPABLE HEH2

n}

X HHE0| 2EE 7H5-d0| 302 B =Ch 0 [MapA Sl & HSeal| HE 2
CHE YAME 222|015 S TfsH= | AHEE &= QlTt. S A= WEH 2 8l
S|AE|7| ZO[C). YAHY L2 A7 STS 71617 Rt M = 2 A30]| Hot!
= SPUELE oo YA O 2 E 24 M2 ot & HMHH 2 mpefsjjof oiCt, oI &

TS O SIRA BOtOtL|aL SREE S CHUSH YA SE0| %8 M) mHot

Of &HC}

—_

o

I.

——

o
O|

2= YRt TIA0 1AM DER| GAY 2E+E YFRVIZ S HiE2 H
HIZQl M=Hojl A A 20toF oirt. $F ofl =, 20111 38 0| 0|0] BfThoh o] WALY
= 20| EfFY0f| $REIUCH= AH-OICEL 6| F S0{, 20118 SEFE] 20142 127X
ME-1372| BRY2 6/l 27| 2SUE 78 2o 2™ J2pS20M 502 E S

oF W&ot Zojl s et

o SIRHA AHE 7|22 2 TAE SHO| LTA L HEGAHS =
LR0| S2SHCH= AOICE OIS S0f, A0 H1H 374 AXE =0l
520PBq2| AEEE-900| HOFQICH 0|% EfHAYO 2 MEE 2 1~3%2 I X}
M= AEhet FO|CL* SHX|Z AERE-90 (IR E 2 WHA LY 88 F =4of| Lot
UM, 0= L= YF2| 2%+ 1002 = EF A=of| m2f M2 == 2ECH,7308
Hi ST O AY o] AEEF-902 230 RUEX| F=5 HOtoFd ohet. 15

o
—_
Lt O|0| LR} ETAZ Z2S0I2 X[oheot UL, HYH Bt 20| EITH2

Xjot4 QS SEAIZ St A200] gL0| BUICL AEZE-90T 4F4A
HZL7|(AHSO] 50%2 BSH O ZEls AZH7} 2124 28,84, 12,5822, 0]
THO| HAARSS Ot ALY 10| OF 125~2001 EXHSICH= O[Tt (Uurs o2
BZ47] 107K 137|722 7H5). SHX|ZH ©2i4-0li= I SOl #2717} o 21
AMSHBE Cha TBIE|0f QUL 015 501, 22 E-129E §1207|7}1,3502 10 &

it

o

—_

r

(@)

40 rr

“EHA-142| BIIT|E 5,7300)7| THRO], HHO 2 QUS| EA-142 oIt M 4

MICHOl 24 X, X9, MiA| ltol ME & Ao|ck™

S RN A HEE SIA0 HIYHe| 994 B HHE ASY 0, 52 A3
samc 5 = =

C}. £, ALPS7} 6271 HIALAISHE 2 H| 7
Ol M HAHEIX] b= ¢t 71X LAY S/ LA E &5 +A0|0, O|= YR = EICH=

LS

ZO|ACE. SHX|ZH O] = 2 X||2f CH2LY.

—
oF
)

BXR 7HE & Y4Els F2 UMY =22 & BA-14(C-14)7F A0 Eta-14= 2
7|7t 5,730 0|04, HEH YA S BESICE A £ SAS LY BrA-149] FQ Wyl
2 22 (2 W 222 H/Es FOH) | i (R L U02) S-8Xt Z-y3tolct.

Eta-14= A8 = HAE LI RXIEICE A8 = HARE oIHH O = HfiX{2|SHH B
=14 718 3 | el =2 YEECHEHMZ X 2P0l RUE= B2-149 7HY

Z Bel2 THE| A22, ZFA EHH0]1, = AEHEE S FE FHO XISt
Ch). SFA|0F AL QIsH 7|K| X HH| EtA-147F ST A|0F X I [EF U2 X[e| 2t

o2 YWEEAC

L4

Eta-14= Bt 2 AO|12 0| RREIEM], Ol= LA, A, 71M SEi2| 771 X 7
7| it Ii20)| O SESICE ZHERS] 2ol Bta-14= BE WEN O RYUEH 55
A= 27| TH2Ch e IAEA B2 L8} 20|, “QIK| Liojl M BtA-142 SRCHALR}
S E42 YurHQl BA oL SUSILE. SUSH Eta-14= 1| L 712t HEHA 2
= O|R0], ML =%|2| 012 22 = [YECE BtA-149| HISHH BIZ7|= 9F 40
2OICt 252 Sdll Mol FHEI= BA-14= 2LYE S4 HF = Qe Ao HIgHH

0|0jet A 2 LIEHCE S Eta-14= HOIMSO| EA SHE 5 O Ao
EH, 0j7et AN =2 s&7+= 5000, EY HHS2 2,0000]C}.™

H1ZE7|7} 5,730400/0 BE 4% 20| 7|2 7H2A 5 SHLIQI EtA-14E BTt
Ol Z4% M| QIMTIEHIZEO| F2 2i9l0] EICk. M| SIHEEHIZS TjZoI7 FE
ZUOM| CHSH 2 MO SHTYOHST, M2 ¥HS T W2t o1N) HES LIEHS
LRI FAIE 2 QUCH TYA AXHHLA MY SATAIRSN)| Ko mh2
o, “ELA-141 ME TALE(ENE, SAL), So| ME DNAC S| Th2of At

M d=st 20 S0|22 SZ2O|CE* 0|2 213l DNAVL &4 E[H 22X 220 &
OIL{D, MIZ7} YIHX|7LE X SAHO|7F LS 4= QIO

Of At&O] FA|0F M1 2= EX|2} OfFH 20| ASTF?

ALPSE EtA-148 HHOHES S7SIX| QUL 24t K2IE SHME EtA-14 X
FHE|X| R ZHOICk [2pd, Y= BRI 0SS EBY0| WRHE A ary2
ASSITIH, 3 L EHA-14 A7} 0] HREIS HOICk X 10142+ ALPSE 7]
13 AL 2 SHOIYNR, ERNY, ZHAY U TIE L2 F 7|22 I ¥
2 01F AHAITH2 MYOIX| YOI OS2 T EHA-148 AAFOHX| Qhe,
2 ALPS H2| 3 o[l SO AF420(0 0|2 QI3 ¥2o| gt
SHA1 ZIZ8H SECF. 2/ 20204 6RO|RH S Ui Q|2 YL UN QIHSHE
O "MFFAS HQIS TR 20| HAHY HES 2 HEAAU(ALPS)OIA X
2431 Lol ALPS 2|48 QFYOHA| XFBICH--- Tf2hh B30 HZE ALPS
%40l SIS QHECE™ 2hT At Hf QI

0x ox
k

1 ox

robre s rio

2 M KR e mun m

m
4>
rr
to

.t

CHEFO| YARY Bta-14, AEERE-90, EREE, tf5+2

y ——

b

o
=HO| ZetEl XZ2 M2 2FE| YAHI0| LYEUCHD Zoig

=1
= JRol Fgut
o [=] o

7[EF EARS
Sfoll 8iCt.

4> on ne


dx.doi.org/10.1016/S0140-6736(18)31891-9

e
B9t

X} Ay
A4 01

SAI0HEARE 24 I

rot
>

2020 8% 272 &AM ErA-142] EXY} XRE Q40| IEF HALH ZHo|
72 20I918 HSO 2 QIFCES 0[% 20201 9 10 I [HE SA7F LEEIY

;2 ErA-14 2X|S QIHSP|TIX| of I 23 AjZHo| ZEEX|E MY
SHX| QERUCE 8O LEE 2AOIA SIHES “-ALPS HIZT HAOIA SESH
0| 2 HIBO| S W MBS Sef it W0 M2 SEO| T Atojof
2 EAD} QUS0| WAEIUCES! ChA| 28 2 BIEL SAHHZE0| O|FIIEX| T3t BE
HIE} 591214 0] $HHICH ZICHS Z0|Ck 3t U L “X WIE 2ot £7| $5 =
H 2t ALO|O]l BXI} 23t 21010 ERA-14721S BQISHCY,

—_ =

2 EEE ZMOIME ALPS 24 HIAES 108 & T 0| H0|H, 2¥+ F "YA
o Bt (C14)2 thE 2 (H-3) 200fl, ®IA e YALY HB 625" HE ORE F
e 0[2tl WSt QUCE Ol= 2Kt ALPS X2|El 20| M THA-145 £}
0] HYSIACH=E =RTHO| A=0| S22 LTI AL At 2011 0|5 E
2-140] Chal =27 AEet 20| 2014H0|R=0|, ERTH2 " L BA-14 &5
= S2dE +FOIUC 0 B Lt 0|42 BA-145 HX|Z FHF8 A2 40| of

L2f, &S 5| flet B3 UL R W-2 Mg s=E AHSl AlLiet 2oUCt

O
Ml
1

o-t-=

’

ALY EHA-149] B7IX %S & 1f, 12|17 S3AI0F MR Tcto] NIHE K| A
9| 1010] EIS S M2 I}, 0|24 ERNT Ui HEo| i CHE ChCHEQ! A
r

[ |
2l o o= QIO YARY BA-14 YR = oht=ot S5 6% T OtL|2t, E 2 A|0L,
7|Bf L2 X2 i2tof] MASHE SHY W20 WAHY S RO| X &AM =0l 55
El= S7tmst ZatE S A0IC) 2t oot 20|, Era-14 oY SRE HE 1Y
== dFlot= ZRO. 87|17t 2t

=0 — — x| o
ol &S F= F = H2E 27H0] LAE SMES M
A oo ° o HL &
ASE Qlojsic), Y2 WR=2F

= A2 Y7 HRE Mef AN = shited
AlotLp 7|ef 22 X FUA E, SHIARI0 = O]2{¢t S2ot AHES HCHZ 22
X| g1 ACE,

>~

Ard X7 2 A0 2~ 2HA EHA-140| QofiMdof| 2H 27| &l = 20194 11
2O0|UCt. ML HYO| tHE54 YRE QS 20| RTh= RS 2HS| 2fsH, ™4
M0 O 2 S F= YAE SAABLE BA-145 0|2 = 0|t FA| Ze=t
o Q== mefshy| ofReLt, “HEFA0 F WARY #F0| WX 0= I
g Hu"El= 22 SOl ZHIUY LS S22 US 12, Ea-142 US 322 =
7|%4Ct. 0| Solf EtA-1471 S A HCHEHH|Of 324] O RlsICHe RS 242
HOE AO|Ch J2TA S EtA-147t fE 2 B0 QM0 O dZtet S ECh=

o
BHMHEe 2N Zitof Select.

A T 7| Z0| M Et-14 T AT} 7HSTICHE A2 TR 2Xl= O ST =

IHH 22 YR = BA-14 XA gekS 26K 57| 2 o|0] Z2Fet X 5ICh 2
o
o

21, LY YR YT B4 HHIFHZECE RYUEY, 0|2 Qloh o=
Y

o
3¢t X|&E oIt

ME 02
12 o)

1o 4>

ro P>

= 40

02 0%

ERNUS WALY HF A0 B B AAS AT PSR UL £ T
2 0] % YOI WISt SHOIM HFHAT} TR B BXF L) 242 EXfSICY
T Sorn QI FRAYA ARSI AF4A YRIL QTIZBNFLA(0BT)
7} EICHs %8 AFOLT QUOLL ERTL 0] LIS THINOR MUSHK) grt
4420 i3t ERTO| HYS HH, AF4AT} O HEIRE Qo) KL/
TS YAM Y T UL BIHSOICHE LAS wf St
AR Yo H2E 2940 W HS HYSHSHIA 20191 98 CHST} 20| At
2 YTt LIS S WECE "MBASE BT QAR HTS 27| R, 452
ATHOIH X SH YN U SHEIS B2 WA v QT
U BAHLS QIITEAS A0 Bt YN AZS YAUCH BIIHBYF A
S 2914 i AR S0 Lo J2TAS Taiet A2 NUEHISS X H7|7}
UX} AQIIBIE 204 T2| YOrS UESH: YRS YYOM MO C1ST} 2
Apalg QIBICH
“MESAL OFSt HIEHITH SHEOH, LR TS S Sof Ako] WS F 4 ULk,
oo

o

“ —_— —_ = - e -
QO] RUE MFESAS 5, HE B DASH SIIZPUSSAR Hplnls

HIg2 o B SAC| HIZT|S 402 EE O 1 £

7HX|Z LEEICt-- 0| & I, R7| 2 et S +40 T2 tSsa+E0 2~58 2

(O]
13
(o)}
2
o
40
~
=
=
or
o~
=y
oot

& 2192 HOICY, | FRE 0|t 202011 28 A9 2 WR Al 227
= =i =5 =
S5E 0[otol WALY SEE BUS 2 002 FFECL £37| WE A, 4542

52
kd
;0
[
ful
o
rQ
_t:.l
o
oy
>
T
Q
2.
5
=z
pu
>
rr

“ICRP/IAEA 42 DY AB|XOI HRE I3t H0|M, iz W3 Aol @

44 SE7HFAHBIISICHS 20| X2k X|RBHTL,

N
N
L
21-
-
-

O[2fgt ARAO] S2f R A2 AA40] QI0[SHE HH= PRAN? S SHAE At|=

[MYe)
oot Fr 2SS MYS 22 YR ERTHO| 2taFI15ka QUTHs ofo|ct
m|2| 2fAl= CfSat 20| 2E it

"33 ICRP 2H(1989) A= A54A4(HTO) 443  100% S2E/0f Eolo 8
UEICT JHYBICE AFSAS0| HEHIZI|S 1022 RHEIC] M3 45444
o 5% RIIZEAF AT} ET, A |2 I3t QIITBMF LA MY
2ASHE QKRS 4Z0[2t Jhokn QICt S8 AolM 983 AIE P,
QIIZEMFSA MYS Y] TR0 SHCHS 20| 2HRIE! 20|t Commerford
xy 71 X| 8% 3, BE o 434
A7} DNA % S|AET ZEHS S UANCE QIIZBMT LA} ZBHSh M SEr

WX A0 W UYL =2 XSS RIIZHASIA MY0| 4F2A% MY

S LH24C} =8t Trivedi et al (1997)2 OIXjof AZ4A%
£0] A Q7| ZEAS 24 HB HISO| ICRP7HEHBH 5%} O 3-9% 2t
A2 s

r

ZHI= ICRPE| =3 RROM = S +200 tieh 2hg TIFS U2{5HX| ph=Ct

= HOICt &S +AE SR 2402 Y ESH=E MEZRE HIEO0| 2= U A=


dx.doi.org/10.1016/S0140-6736(18)31891-9

18

SAI0HEARE 24 I

o
rot
i

B

"
%
2 ill i ¥

X2 0= 5%t #=0ICt ICRPE 249 mF0| H=d| 2rEE= AS THdn|

Zo2 2L}

%, 2t AROIN M2 TR 20| ME4A40[T SIILENBIAE QI8 Y32 M
o 9O, CHS 24 TS Mo 454449 QIIZEMFLATH SIS FF0|
o

C}. SER|EE 0|22 AHAIT} CHEC) S8 A0 M2, AS4A4 OHY IZ 0[2 C)
HHlo] Mare Q7| HEAMSLAA0N J|2ISH} OIS S0], Commerford, Carsten
and Cronkite (1977)%= 0l &7|7H AE4AE 0 S0{31E RS STDH K| 2-3
ATHO| CHELEO| AF 44 MZF0| 7| ZEAT AN LSt 21218 SHOIRHCE 5
Rodgers (1992)= Q7|ZSAE 4240 XA £E7h B La|7| (0] BHy m|=
& 30| 27 WAMZOIN S7IZSAF 2T} A A Q010| HICk= ZES LY

LS

I. =]
0z

H2| YAtE S i U R0l A RI7I12EHS+4 sEE O SO0KI=0H, £

0f 7|Zkof| w2t FEFEICE 03 Zhe| BhY = AH|of|Af, {2 508 To| 915 At
£ 2EH Mo M eSSt =4 ZE HIE0| 2FE|0 U0{(~30%) S 20 2f
e AMIZXF T-2HA™2 0|24 2ISHZL0] EXHYCL 01 HEHSH= SH= UL
Rodgers (1992)= 70| S48 FO{ol QFHl THH JEHE SIS IX} Y

Ch 562 & QIIZEMF A ST AU 45424 S50 22%71K 45,

i

HEO| ASEIACHH ZuPE o EHA EIUEX= 2HOHK| Lt B2 ZAX= T2
™, LA 2SR 2 5 ATt AE ATEHM RIS A SEIH MM X%
SHM 714 E A2 2 HRICL BHA7|7t 0 27| R0 2= |7|1I2edESsL sk
= MUt 452 S22 FFS 0|F ALt ol2{et 7 S&0j Chiet Xtg= HE
30f| ZIXH=[O QUCL 7HE 52T A2 RIIZG S T2/ tt5s4s HIE0| 10 sHS
Shz, X1 2l M3 A 0| Qi ZUct 23Xo 2 SSAHENM 22 3HA =
H A4S sE/28E A7 P2 SH AO[0]= XHOI7t /UL, 7| EL| ‘HESS &
& 7[2to] M|EHH0|7| W2 NOICE MLl R71ZS S s4 H7|= R Hofl 0|12
Sk A

21 7|1Zto|7| mi=of oj2{gt A2 3 |2k X|&E EQ It AS HO|Cfe

A Zo 2AXIet ACRO YARY 42| Hjo|8l E2E|(David Boilley) BtAt=
EYE ot EITHO| MY X7t ATt Lot “XIEH S YRE WS
0 2

QIHO R & 44 5 WAHY £49] 0| 42 S7IHoIM SYsH o= I}
HUCH - ZXA TE0| O A| A HOIX| DL AMIEEO!l M| gic

(@)
%)
>
o
=
5
w
=
S
3.
o
o
o
=
)
o
S
°
®
Q
0
o)

Y=5H SH 0 o= Z=ZA0M SRS =27t AU
CL AR Y SSOIM =7 YLD =2 A2 2 LEHRY| R 0|Ct-- Thef (
F1) "GEo| M=l 2"S Xt otChH, A Lol Chal -SMIs] 2sior g o]
CL” R712YdS+20 i 2RE E0E ot AS s UE = JA=BE2 O
LHEOICE 2= HEIF 2+ AR A= Bithdt= =22|18 2= 2 F0[3 St
= ZAo|L}.

20193 128 M F 20| AN HS0f Ll 2tets 20| Z23HS AXoH=

7t LEE|RACE Ol0] L}EM, FpA = E[HO0| WlstH= MX|0| F7|128 FEH2
SAEZE RE2SICE 72 1|0| A (Nature)off 2= El O] 91320] 2™ “E|X0| 2HlsH=
X0 4EsA7t RIIESES AR FI17H UFSICHE AFH BHE, HIF
7140|7|= StLt O| DR FQ3H WHO RN, 22|71 27| 2= X|ZWEK| &2l Hiv}

—_
”
UL

=2 XAHSS ‘YR QIIZFAFAA(30%) S T 20| ST} A R

4 QIOL}, o] Q7| S 4 L 7|2t 22EICE R7I2(OM) LioIM Z4

Ol o Q7] ERBO| M) S0 F2 LUCL EY YL SHAAOIAS /Y
2z

— I-- o
NAMRO, 8 R7IBedS+2 20 3T
=

uy
o
of
e

AL
e

X OBTO| FFS F= Y= , =R a

SO= X7 0|Sd 2471 A, S L SEXIZ W2 MSHE 4= ACH TR

[
Hu

T
-
P
=
OF

0

=O| MALBAE o= Yoty Yol w2t X7 N 2 E S rL &
CE RAE ACE HO|22 |7|ZY S sL/a S 4 HIEE 72| 2X[E X0l

CF. DO B7610, 45448 250 ABHO2 FUO 2 olof eiot= O]
K[t 2 20 O|2{3t 2 HHR 4 ULt 3| (water mass)i= R7|SECHCf
2 452 WEEEY| HR0[C =2 KIS0 A2 “QIIZBUNBLA/MBEA
4+ 230 Chof HA2A BOIE HHs CHETH 21Th X WEO| 4544k T
BT W SE2 DHE|LL R7/20) STE MAFLAE B EAECH 20|

o Hi—
EI_"773

ox

Eyrolle, F et al2 “At:l & 2S5 HiE 22|0] sl S22 L2E H7[6H st
O, 0= FA|0F Af00fl 21 HEL|= £20ICt" 2t 22 S W2|12 QUL

2 Yo ERTHO| RI| 2RSS +AS ZT GAHE S22 NS LR I
S HCHE SYSHX| Zot= A2 o A== FHIoHE =+ |l


dx.doi.org/10.1016/S0140-6736(18)31891-9

20

Elifi}a
U OfN
R
e

SAI0HEARE 24 I

ol

rot
i

ALPS €H|9| &= NE|E YoM TAY dE+2E MHotE 7IES HESt
X 94712 o 2™ = AISHCt ARIm|AT 2019 13 B O Mo A Y HiQt 2
0], ERTH2 dF+2 HHIISS HEE + AUCL. gL, =3FHn A= Y7
7252 015 oL X FED OFLIEL RE|2 S =H #XE 7|l Hefrst 7|2 F
ASHEHRACE F2l22] B2 XAt 2E2| S S 4 AAH(MDSTM)0| “2%4 80
UMM S-S MG THE YAHE SR FS M7 F == A"
22 YRO| 2FHUCL 0l 22 712H2 5~8, 2H| 2X] HIE2 2f 109 Z2{of A

2t 29 HIg 29 Y7} $71Ho 2 Tert,

K

20161 42 19¢, 22 YR Y 222 = OH T S+2 HA 7|2 & ofH

A= SRAOF 120 HEY 4 Qitt= HRE 23S WA =it

O|HO|= Y& HEE J|&2| 71848 7|F0 2 HTISHK| gt MF5HAE H7Hst=
0| E7150ICta 16| AL 7|2HHQl Ef =& R XI5kLL QUL Ol2{g Al HiF2
QZX| H|Z0|Ct. EfEY LRIt HER &Esi K20 £Ho|l2k= ZES WY A
= O| I 2O|CL"77 hA| F2|22| x| 17|l Xt JHEF 2l (Gaetan Bonhomme)

2 “H|E0| 2fSICLL H2tst= AP E QU2 Z0|Ch SEX|2F 2340f| HISHA HIMTH= 2
Q1717 o] LY+E YFRNOF SHCILL USH= AFRFS S THLEA HIZ0) 2+l of 7 [SHE 12

AIC}-- OffH HHS Eolst2 T SH=? Qe RNOTE Tioh S ARSI 0l
(o] 778

>
{0

=2 A2 AHHO|TE FZA|0F M1 22| F2, 1002 ES X2ISH=C

e 2 0| "7t ®ot. 720 MEH, 2H| A48 HIE 10420 2
F HIE AZH1AYE 2|7t 2 QoICL” O] of|L{X|EPPNLO| X|2tet 7|3 =5HH oy
HIE2 O ZOIXI=E, 2IE| § 60~180F 22 & 500~1,8004FH 2{0f] H LIt O
O] 3™ 222 Qlot HIZOIXt 2AHOICE A0 H1T AL +=50= Y2EE

=¥ E2{Q| HIE0| S Zo|Ct.

201941 38 YR ATATMEI(JCER)= ©94 B2 HISS T3, TR0 A1
8 Tt HIG A4S T WEYCH B HIZS 35-81F ¢(3,100~7,2002{2f21)
O FAE|QICLS B W 90| WHA L] 248 HFoHs HIZS SIZ o
(48009 Z12{)2 OJAEICE 01242 t35 2,000 A(172+ 90002) 7|ZC 2, 0]
OLIX| 71 =) A AREl= ACH HIZO) FHTH WRO| Z 401 2+ 3,000
(279422))9| HIZ0| GYE|D R, A Mot ol WRE MBSHEX 2 TN 4

— —
ALt

L2 YRE FFAO MRS 2P 27| HHZ Y2 E 202082 SEE A
Ct. Ho] ML-H0| Gict 2+ HME MHHE[SH= HITE &F 5S~6H0] 2250, 02
1p o] CHet ol 2= 0S| HOIUCEL 2P0l F2 A2 2 7& 501 Aotk /F

Mo = |30 MFSHHAM X2 715S SA0 HEot= Aol FAet CiRto|Ct

30

Q012

Y W
[foto!

I NS

2= R Y+ oY RE FEots FE 2HE 7| XMF0| 27tHsdIt= E
= =0 ZHEILE2| TALPSH |5 F 0] 2ot 22132,= Y= 7 712 S

O] AfoHS 713 240] L2 AQIRIBI7L MBSO HIME e o

Aol 2717} Eli= HOIH| ChFSH X3 #0t0] JHSBHCHD HIASHR QICt. 2R

E QIT AZHE AQEIXIB F7| HEL A3 JH53 Cioto|ck, ofx|Et 2EHo s

1 ofH THOHE KIZT 262 DEQ| WAHY Q947 M7IX| Q=S S 2ol HisH &
ot :

AloF X1 371 27| AXE 8822 Tyet

—_

u
n
]
e
1
)
[l

00
rot

»
ke)
ot
U

off £2BICE 7| HIYS ol HFHAS Tt U WAL S| WAbs AT
F 2 Uk F7| MFO| BHS WAL 20| L=H6HX| 942 T W7t & W



dx.doi.org/10.1016/S0140-6736(18)31891-9

22

Q913

A9]219]0)

2020 H1 A

SAI0HEARE 24 I

o]

rot
>

20209 YE ALQY3= “71E Ao w2t 2020 LMK S 1372 m*o| |3
£ 7t 8XI5IHzELE, 2022'F 01501H 8 ool =Y A2 = of ¢E|0f 72! o]

Aro| 3 MK|= B2+ R|2f0] QICH 2t 2 T,

n (°]

—_—

[2Sl= S A0 AN 2X[0| e E
I

=
"= ZES WRCE J2Lf, S A0 LT A L AlS XA 22 XF, o] F 7t
q =

8 R0l Chgh ool & o= Arh= 2HE MASH QUL

—

X EQ T B>
iz
>
=
=2
%
>
ot
rir
rot
no
rk
om
m
n]
=
A
o
oo |u

rr o

19
-

#

2
&=

olBlL &
Hele®
o

FAIOF FNET BA B0 =71 2 XIS 2ot
R QUCE BT AS Zotor 012 BH7F gt
0 OS2 FFAI0FHNETO0| 2IX[e P 2 YA 1Y X
CHE2 B e HEIC XI5 5 E2 2709] s 7|2 N £
23 AN MY AE"2 212/ 10H0] Z2X MY ZHAM LlistH=
= XZ517| I8l X 2O|L.

oL A

< >

=
[
C

[<)
=2

= i

£

2 my re
© mo

2

lo M

o
=
X
I
ra
i
o

1]

2PS= 42| X YotS HESHHA 4| 24T OtL|2t, mHo| =2kl 5 XF
QUCL FFA|0F HIRAHO|M 22| RX| 2 2H+E 2iE6H= 8
H H

¥l e =

- O
2, “f Q70| Y= Ut MH|E XSO 510, 2R A0f Q= X|XHHI2| OfsE T
SHOF ghCt.es

T SHOIME “ALPS X2|48 HIYPITHS 22 WA BH 23S onjslaz, T
ST, WADST U WK FHO| 2 B0l “HXIZ FRI"),0f Tf2t
AFS TH7I8 R ALRA ALY S17HE S0k, s ol [t SArd 2 o &
X), O ZHAL 9 22| WS ZAF S O[SHOF BITL WALY B HF A4S M7 4
X[ot7| QIoHANS ZRet All|, Chofst ALY X8, £91 ZAH 50| Rest0 0| SehA

£ 4Bt AIZH0] AR H<0j2ts LIGO| EEHE|o] ULt

—

2PSl= B A S Fo| metdtal QUS # OtL|2f 0| 240] 2 atXQl YetdS
Yot ULt LY MYS At HD EX|7t HQSICH= FIh= ALPS X2| 2¥+
9| i dS 2E3| EoiF= HOICt

B
do
i
ot
rir

HEIUCE |AHO| 2AX|eE XY, 2 FAI0K J2|0 S FR 28| golof w2t o
H7l2S SFHMES| 2t £F FXIE FFAI0r 250 3013 W, = 2050'A7HK|
St o) FHOICH AQIRS|E= "5V REHO| TH=M S 0F MM T2 22
30~404 Ljof| 2t=6H= 20| SHECL ALPS X{2| 2¥+2 M2 X2 74
2 2hE ZEof| YAIE "HIRSEE ¥ S X270l sHFBHCh ALPS XE| 2
A NES HZ 20| 43, M2 2 X = ‘TR0 X2} “H2'2k= 204
BAS HX|Z 0H22|£[0{0F BHCE. WM, M2 2t2 AIFIX| 2Y+E AL X8l
Of SHCL™®

QT 012} FEHHIS| YA X AlE X2t BX|E 2E5H= M1 H 4ot
S
S

SE ol2{et 37| 2EEW2 HYJo| gl T 4 Hojl ZX 012 Xtz 40| of
JEICHE 20| 2L0|CE OfH FE 7|TE AFt UK = X, 0= XHESE Af&
O|Ct. 20t} SEHIZ 2UHEl I|7|F EAL 80 E2 304 O|Lf M A= &HAld|
OfFCL Y=0= A0 M1 7| =S ”OHE CHE o|LE a7t 8iCt 2
= I M Yo Y2 HRet ERMHO| FHE A%lsh= A0|Ct 0|S2 =k
=2| 88 QR T EO| RYUE EY S FFAOHX ot

OF 3™ M= QI 2l
SHI|7|= THIE O'H MI7| S| HMAHE 5= ATt FFBHZACE 20113 38 L

M
SIA(OF A 105 OHE ABO|N, HEO| QMAQIE &K IS £0} Hoj7ty

-

US0] Wl O FYS ZE2PZICIe| HHO = FX[GH= ZAo|Ct. =4 A Lol A0

12Tl 2 atH0|1 HEet H= 7} 7+s5IthH= Z0|L.

AQIRIBIE 99 BT HIISS XFSH| o HX Y LAY FH| A2 A
RISOHOF BICH, AQ| RXI O/0] YA KT AN BHO 2 SIS 40| W2 2

2O 0|F ALB310] STA|0F HIUH 2X|S sharsts 2L ofaig) wolCt"atn

=

0.

B ZHo| EXHSHA
tS OFISHA] 2718 23
Y eto[7| mi=olct,

ALPS X{2| 2214 X3 B7t g0l 7|&, Bo =
St KIS OX|o| 2RI HolCk. SHXIBH HEIE K Y

=
2 HolFol0f 7|gtoitt. Yol Y WRI 7MY XFE

r-(')- rir

o

I

—_

7HAQI X BX| HEE P3| “YAY HT7|ES 2202 HHESILE -3 W Al N
TS Pl BXIE o] M E &S =8 Yt AlZH0| 22F A0, XX}
H S2l O[dE FHoh= Anf HE0], X Al2 21X 28, A3 w2 HZ A2 S
2l =t S0| 225p7| UfZE"°0|2ts 2282 40| S8 A2 OfLICt J2Lf &
PIA2I7t A|ZH0] S2H ALPS X{2| 22 LAY 2IH, M= &S 20f CHOHA]
= FI0| SO{ECt el A2 Xhilo| =2|F FIEE HE0|2tr 22Irt 42|22

= EHOE 42| MF YOS HiXNS L SR A0 H1AH LY =71 22X &2 S A

Yall |0

rr o

o [

e | [@)
= XY Yorns 7= A0k

" SO M2 WHA LOIA 27t SIS Shest woto] Ik M2l MY 83

= o—
9| 289 HUCIE SHUX Y3 2X S E8), Wo|= M2 52l 41t AN
7| tiZOIct 2Lt M2 X T W2t A2 24 MY, 88 HA= Tl o+ F
H| 22t A2, 88 HAUZ Tl 2l ZoAE, W A, T7|2 HEE M2 S HZE
8 AMEETOLL|2t ALPS X2| 2% M W3, A8 = HAUE SO| YA KT Al

H3 et EX7F & A0

=HQ 2HE 2T, 29123 J2|1 SSHERE U= FRIIERZE UE

= TX| 2 =TSt ACH=s AHRO|CE 0|52 ol 87| =Y 2|0|F o[0] XIF
£ 82X(0: 88 2Z 2|t 11008 MTEE S)7t &= i H 2H 2= 20|
= @oj=s0|1 QIof. J2mATFOHE B OM0|M AGUR0|, EEHHO0| A|=5
U= G2 7t Gict 88 U= MAH ZHYS 202138 E A2l 2031H0] 2t=et
Che o 2F2 T o1 go| glen, 88 A& = I WRES MHdk= A0l =
7ts¥ 7ts-40l =0t M2k, A0 MM o= 2Y+E MY 71 £X
ZhAen, Mo 4 H, OtL H 2HSl= D20 E 23 Fe L2 HOIJAS

7}s-80[ 3Lt


dx.doi.org/10.1016/S0140-6736(18)31891-9

24

SRA0F A 2F

% 901

a7

o]

rot
>

2P/H2lE HOXM0M A 2FS BRHOF SHTHE SIALS AR A2 =2 HOlCt
Ofzlf Ei= 2P YR AR A 22 HETO U2t 2Y+ HE0f| B2t 7|7

42 AHTIR))S Ch2F 23 Ho|ct

2020% (23352) (213;18) (218;19) ° 130m
202> (53553.) (33?1) (2%?3) H147me
2030 (335%1) (ggg) (2?);&7) % 165m?
2035 (233555) (33?6) (27031) o 183m?

A7 200l HAISH KT 2020'H0] HRE AlXfot= A2 OL|X|TH O|F
AT X|2 HA[QICH= Z40| =28 HEQ|C} Q| ZO| SHAIS 2035LIEE] 17F X|C|

a g ==

22TBqE YROIH A= AIFO| 2055H0|2H= ZO|Ct. BHH, 20203 E SLSH

Z|ch 22TBqE Y&ESH= ZR0= 2052'A0f A= EICE CHA| Zsf, 20357EX] 15
HLES H-?r P R 2LE7EX] 21130 ZE2ICE 2HH 20200 Z2H5HH YRAY
0] 331 Z2irCt.

2020i40] SIS W} 141101 & F2l= 7K 2 0IR = 20350t JIctd= 712
(1551) O] &5 440 W47 18] (12.58)KICH 27 W20, S217} FE|0| 5 Wit
44 T120] ¢ 01 20t OISKE WOPKP| O[T, o) THefEl AE4-40] 2
S SHOME, WS ZHS HROF SHH FFOICL

b

QA 2FS BRI E H7| 80| 7 YA SRS P2 L6 gh=Ct
HEZE7| 30, EREE-2392| HtZh7] 24,500, R @ E-1292| Hizt
71,4002+ A SO| THMQI O}, SEX[TH A= FH = OHX| CHE YA HE2 EXS
X 2 ANE ot S20 CHoH AT AZS ot QUCE 22/ A2l= P12 22 S5
HO|= 1582 oAt 2FS ERMNOF oIThs, Yot Lahg A= 2HE HASHL
UL Ol 2 & Y2 YL B = HE A=} QPSS UKL S FA0 1™
HO| 7|E BXIE 2%+ M| A= X, ME 42

0] AQE|= 2X| S8 HoB|== o|™E QILC}.

e i P o= =

AEEE-9Q9|H

0%

OHEAAE AQIYS|E B E OA ZH S HRSIEtE hAlsh M= 6FX| Qi “U=
YR LFa} 2HAEE Cret 20!

b
HE HA AR 3 0)EE 2-E

o
30
ful

,«3

f

_cz
FI'F
in)
I
>
K
30
ml

23 A0

Q012

e ol
OIH oA

‘U LR ARISOA SFEES VE £ Y= Y M2t 2HEt =0|0 it 7|3
E O A2 22l= Y2 WHo| 2Kt ot "Hof| 7|8ks XIf-EH A 32|
o5 U= FUUSS| H2|E EFSHL, FUUS0| T3 U ZAte| HE|E VS EFY
AE U2 FHO| MICt” UN QIHEHE 12k 2020.6.9%

UN QIHE| DL EAR A (OHCHR) EYH K (Special Rapporteur)S0| 75104
P Y LRI Q1A Holl EX2H= 2lAS EYRUCL

20204 6% 92 UN EME 13t 42 ol ™MEo)| “COVID-19 717t FI™E| 1 X
ot 3N golvt TIWE = US U7X DEQ HAFE 2HF2| Y HWiF X 20] CH
of A™S BERY A7eg £JU0E 20201 48 UN EHETIRES JIHMStE &
ol LHE FEYMCL

CERTH2 UM YT Hoj| e LYSE 2K M2 HEo|Lt A EE% S YA
‘4 =E 4TF0| 52 Ao|tt. FFA0F BT AL IHYL 2 drlol @A Y
= 7] SOl ¥R3t= A2 RS2 A 23, 22|18 XY Al *“71I fIgdt=
2o|ct. FUS2 25 A FH2L2AM oo 3| 2|Z8l 27| L= O0|Ct. sHSf
YR Z2F2 AWML = oY HHS 2Pl T =HS 712012 0TS At
dA0 &Zztet EtAS & A0}

UN SZE D250 2210 Cio 22 YR = Q72| 712 AAS Ay FABH=
82 EUCE ALPS X{2| 22| ALY etgrs

Het A|A-(ALPS)OIM S 2 2| ALY HE LHRES H7{et & (Of i 382 &f
A1, 28 HE), ALPS M2|=E W3 Qof| QPHSHA| 22tSHTt. [HEtM, -3 L M E
ALPS Me|s= 20 SIS f=Ch"°1 H3ULE

0

LEYEILUN SEE 02 S0 OIFA A&t CE FE3 ¢ =71 FA0I/UE
Xl= x| it OPII'J._r =Y A2 ALPS H2|E 7T LY+ R ES =&l &
FAIOF M1 S MFE0] A= =2 015 ALY L 2tHE AO|CY.

Y M= =0l 715Xl X7t OtLzt Ak=lH 2X|2Hs XIHof CHoll 22
Hels FHZofl tist 7|2 HMS /5P| fl6l F2 £X2

PS
2 S 0=] AL 2lHS AL HFot ALt = LHEO|

QIEEFAAE Y2 FRE XY FUIQ| 2| S HFotCh= A 1 A4S UHECH= 2|0|
7} OtElS UN EEE IR S0|AH HYSHX|= L UCE A0 1M H=E BHst
= AX|AAM OIALE 7= (Masato Kino) 2%0| 320]| Mot HEQ} 240, “R2|=
X F010| FO|E AI|ELtE, WIS Soff CHAS o|3E Zimo0|2tA Y= HEI}

ZOISO| o7 TR WAlo|Ct,

FAOF X FOIES2 U HEof Hekoh RS ZEHSHHE JUCH 2020 3SEE
0131 XIXHAI7F A4 whzofl Ciot 22 3 B A% Yot= ZoorE SR
Ct. oY 22 1ix| ATl 91k Citizens' Alliance Sto

T8k HEQ} 240], 20204

FHl

ot Polluting the Ocean)0| &
78 3% 7|& 5970 XIXIAIE tHESH= 2070 XY 2|27t 2|
AME XHEHZUCE, (X} 32 Sy 7I-’.-_‘-2§_ 4070 X 2|3]) LX|2| SF0| FHS| Lt
CHSHCHS LHE S ChESH ©|740] ZStE|o] Yo, AxAtes AQI@Is|o| Kiote =
Al 282 2 SICHS SISIOICE B2 29 W] AJRIoteto] A18fst i} 20, "oj21st
uITH O|Z40| LIS X[t Ftet B30k RR0A LIEILED 20 F2 LT}
ALt ATHHI0] Al 2l2|(= 2 X|)= sHYL RO 2ot |4 A2 XS 2+0t=
Z2IQhS XHEHRUCE. 2020 6 23 T= O{UHSZE F71E2I0 A, 22|12 2020


dx.doi.org/10.1016/S0140-6736(18)31891-9

26

©
(2]
=k
Q
o=
—
o8]
&=
=
=
D
~
o
D
=5
=}
e}
0]
Q
(@)
10}

SAI0HEARE 24 I

o
rot
i

262 A0 oY EE FIIES|0IM, "2 sl YR ZS| Ll st

=
& ZOIQr0] BEQUX|Z 72 OgiCt,

rrri
(o)}
10

dm

20201 3% 1Y WEE 0|A|7t2} 22| MAASL Bt oflo] o
O] QIRZHC} “UH AP E Mzi3t SIS & TSRS S Q%4 81 Wi Fxjof &t
HfAS OF SICh MMRIS S STAORH0IM MAE SAE ZME

S X711, 20{2 9ISt SIS T257| QIeh MUY Ol Zls 1
2ol CHot Bae ZE s
Ol Eth MoHe CHea
2E2 &7| HEsts
Bl Z2s| S7BH 23|

SHC 7103

TS
rx
i
10
0
£

o
tu
40
Ju
ot
>
N
rr
N
o
n

§
o
>
N
LQ
o
o
=2
>

_,_
my

r
»
ic|

rr ox rlo

HIATE E2Zf(Baskut Tuncak)'42 2020 78 82 “20114 3& 112UQ| BB AL
Z W51} & A0 X[ Mf3l= 2E+E BP0l ' BESH= 20| tio 2242t
toh 2IES EEAUCE 272 Q0| HEE|= S SLst, 23 SRIMH, =7t
Q1 A 20| =EEIX] = A2 2ol Chgt 3S9| QIAOo|C). ol2{gt A=

HEIL 2AHALE OF Bl HOIH, HHOZ £5 HOoF BITL ke YTS

T L. -

i

rII

30 o 1A
Tl

O 2= FHojl ol2{gt Sthet ARrS H7Ist, £ A0 x| =

2S2| QUHSE ES5P| Pf8l =45t A2 HH2 R ENY

Y
rHU

$2AI0F Q40 BEt JRIT|AC] R W BTN} L T 70| 21 Stof A

B QUAE EfHY0) WRODIZ ZHUCL AL 22 24 RS 20224

SE| 2050 FHIIR A4 HOICk SPRIBH E7 A0 RIKIFO) B X7}
H

7| 20l I E Y 1Y BRI HYEX| (S 7Hsd= U Lk

YE YO ZIATH2 MOt E 0] 42| 24 XIS SHML HFE USojli=
Ol SS3UCE 2022H0] £ O 01y Y5 MY 20| Yltt= A, A oS
a7t Q¥ | LT YAY #S0|1 20| RfSICHE A, ‘K2|01X] ‘2P

7totL2tE A, AR 200 CHE CHRro] 8iCk= A SOl Aol LHEO|CY.

to
o2

2019 AT} 2 1A BHEE [MfQ} Z240] O] E TAE UE KO}
HAANLE NES £0|12 UCH= AHE S EL X} ==3UCt

O|RE AL 0|0{7H= HO|Ct. 2LY4+E HICHO|| BHF6H= MEH
Xt MEH0| 12011 T At | Fgo| T Xo| 1 XgtXol2t= Q1A S mHE
2l = Y= MR SXNoj Hetdl| WZO|Ct ofX|Ph Y= HEo| gt g2 &
FAOF A2 XY 0B 2tF2 FE L2 MY, LIOF A AL2[of 2GS 7|K]
= S 2 HE AO|CL E2A|0F 2 27|= 21 MESet IR E 2Edl= Y

9| Hol & A0|Ct.

O] ELIAO] AbI5] 7|2EH USOl, D24 LHO| 012 WALY T F 7Hy s £

THRl= AEEE-907} EHA-I4CE, 0|SO| ¥Z7| 242t 304, 57304122, EfBY

02 2215 QA0 HOt US HO|C, YTAS SIS MILE EIHT} A
AEZE-902 M2 H2[& 4 QICHS AMME 2T U IHOIE 2L 7|

=
S A|Htet SIERK|Off MHHE 7| A Y 71=S 47|12 Z2FHUC.

[} -|II
orr

10|

18
r

AEZES HIZHUAY 5 508 BUS JH $E0E W 013 7Y Fojzt
O|EQ| 7|22 MEHIX] 2EUCE HM SH2 AFQEO| 7|£0| MEHE] 0|39l ‘QH3tEl X2
SIS MBslats QT SHIACE Of =2 50| HAHY SHO| TRSH= 22 B
2tol== Uo|Ct. O At e=M(bone-seeking) }API AEZE-90 EtA-14E
H| 23t 722 Ao WALY MBS o4 W2 EfEY0) Q=X o2 -URSHA &
= A0|Ct 2+ s Y WRO| nfstX OBy dut 29| g 2 iH= OFE! #6{ %I Ht gl
C}. AX|0] EIHO|Lt YR R AEZE-90, EHA-147} QLS HIAHY 80|
2} ek o~ i ZAojch

Et2-149] Z2= Hott. 2= R ERFH2 Ao} Lia #2] 10H0] x|t
2020'A 80| A{OF ERHH2 2 0f Bt-14 ZH|7t AUCED QYU O] RS2 o
2ot EXICE ALPS7F BEA-148 M| HSI=S 2AIZIX] gE%7| WE0|Tt. 27t
EfEYo 2 WRE|M 240 e EtA-147F B X2| HICIE §2{E Z0|Ct E
2-14= HERA Q| BtA &2k dPYof| STHEICE ZHES| Tl it sE2 2= M=

O| HLHZ S+-ElCt.

22(7} 20194 B0l 22 LHZSO|, $FADFHIRHOIM HSES 2232
7] ofef HRE ZFo| =rxel ABCL 500{ K H UM XS WAI|2 o ZHE
Ef XIZI2t MLIT|} 2IZ0) SO0 QIEOI2Hs S74S RAISH 2%, 12|17 20114 38 1
o ARZH 013:0] ZHS0| JZOIC Of LiztLt 7| U 2011 ojLt Aot 22 7
Do| SO Het X2 QIICE AZH0| S2BN, ERNT} UL FHE I|HSL 0f
SP71S ofBAIZ SBE 70 A 2T BRE L0} O J|Zte| 21 Bof, ERH

e

—

2 Z|Z20j|oF XtlS2| X2| 7|S0| MLHZ 2SS = Chs AreS AL

27


dx.doi.org/10.1016/S0140-6736(18)31891-9

22 YR It AR Fo = Z0{X|HA, 2% ZHI0f Chet 2| =Xl 22
A

[—
| 4T 0| AL L 2= H

At Al
aoT

al
x
FiE /U A VRIS MESH=E B SHM £2

= =

AOF RN HEA 22 Q0| A= 20| LY 7t OfL|2tar FF8H RAL. Of2et F ALPS AH|Z E8|| H|Z3]7|= O8I “X|7” CHAIO! HIAFMSHES 6271 22

T2 YUS| AHADL CHECE YA 540 YR E RIEEHESsATL D, 0|

= RN A4S 07| &+ UCL Y2 HE EITH2 o|H BES YT Ho| ¢f e SeEd el e SeEs el

Ch. Y+ URZ /1Y 2 JFS LS 27 A0 FRS XS & A2 A2 QA 1 2H|E 86 (Rb-86) 199 32 HFE140 (Ba-140) 13

Ed X Ale _9;_]50 oi[|

=2 ZAES0IT 2 AEEE 89 (Sr-89) 51 33 MIS 141 (Ce-141) 33

U AL Ho| ALl = 2T A0 (M EX| QHof| =0t HEAE StHGH= B AEEE 90 29 1 34 M= 144 (Ce-144) 284 2

CI2 dioto] QICD QIMAHCE 2L} 2EXSH SATL A Q A|ZHS 0|22 T2{sH Hiot

= o VYl A= I—z;‘\ 1 = e °'=| (S] == ;Tl:l |_ o_._l_ 4 O|E& 90 (Y-90) 64 A|Zt 35 IZENIC|F 144 (Pr-144) 172

=2 HiHEIRACE 2P+E Zos A0 AW A2 XeiE 2E Xl ST

Ch 2% S22 2oH = M7| Ei= 3 0|42 AJZHo| ZE Z0|ct. 23291 4 E9| 5 a=ssivon 8¢ SO RS R e

8 U5, O|2H =OtLHE! = THsl (debris)oll= HHZ7[7F 24,500 ERE 6 LI2%& 95 (Nb-95) 35 37 Z20|E 146 (Pm-146) 6

=-239 5 HIAIA si=0| £0] QICL O] 42 XIS sk W L oHoj| M| AHE s

=1 e t HS | S0{ ACE O] E2 THHE &= H A 2F0fl HIH Y A 7 EI2LIE 99 (TC-99) 211,000 38 Z20I§147 (Pm-147) 6

1, QHHSHA| Earet it A ofC|of| = gict.
8 2| 103 (Ru-103) 39y 39 Z2H|E 148 (Pm-148) 59

7| HEL S HIEE CfA|Et Alsd V1St 2lOLO|CH 6FX|TF A2 HE 2 A= M X

&l 15’ = 2w HJ: = r°¢ iy et LI P 1 ° J 9 26|55 106 (Ru-106) 374 40  Z205148m (Pm-148m) 432

Ho =2 glE MEio|Ct RU+E AL NP =CHH, RS0 Al AN 2% 2/

I SEEE QASHA 2 210|7] MZ0[Ct 2Y+5 EfF A0 £0F R= A2 R A e £ 103m (Rh-103m) 56 & 4 AL 151 (Sm-151) 89 4

= i ASEK| ZSHA[TH = 20f| Q= FM XS oAl= A0 FX2 27| H 20 11 28§ 106 (Rh-103) 30 % 42 SEE152 (Eu-152) 134

0l0{ Atctst XIX0| QICH= MTO| AXH 2 &3 7} QIC} AR MHO| - IXEH L fst

A0 & d | ACt . | - 1= S22t = L& Nl t HE e 12 Silver 110m (Ag-110m) 250 & 43 Q2154 (Eu-154) 9

A Ardat= SEOZ, Xp7|STHe| 34 2fetdelE ®o g S5hi= A0|Ct.
13 FL=8 113m (Cd- 113m) 144 44 Q28 155 (Eu-155) 54

QAAEHICIZ S{HL = Z40]| CHSH =R A|0 xn|5% g2 OIEQ_ M o{oisi=

f’;"uE J_L Ej E - L i ﬂ ";": 1ot ""-OEI N qu ! "f L':';'° 14 FI=E 115m (Cd- 115m) 45 45 JIE2|%5 153 (Gd-153) 240 &

AW, A0k L5} CHCH X1 23], 2|0 U2 Ars] oA Bt 2

7t AISE D QUCH LEO| X[QIH I7HE, £9| et=2| Hith= o] X7t & gl At s 4 119m (Sn 119m) 293 & “9 Bl =8 160 (Tb-160) 724

HS1 IS0 FS 0]XICH= AFHS HOIECE Lot =] sHE 3 MIA sHf 16 M 123 (Sn-123) 130 47 E2Ek 238 (Pu-238) 88

HS0|E MERICH Q2 HHLE oA = HEZS)| 2 0FSHQYX|OF Hif 2XI012

N o 11 L2 BRs 2853 SRP| j':' X, T =e A 17 ZM 126 (Sn-126) 100,000 48 Z2Ef 239 (Pu-239) 24,000

£E Z0[Ct 2T A0r R, A= J0 LIOPL IHIAR] SSHI2 1 R 2, el

HBE Qs +8Y 4 U FUSH YOS QALE HI|IHO 2 ME Y HalsHs A U R R 604 49 BREE240(Pu-240) B

O|Ct. 19 OFE|= 125(Sb-125) 3¢ 50 Z2EE 241 (Pu-241) 144
20 B2 123m (Te-123m) 120 51 OHH|2|& 241 (Am-241) 430 4
21 B2 125m (Te-125m) 58 Y 52 OHH|2|& 242m (Am-242m) 1414
22 B2 127 (Te-127) 9 A|Zt 53 OHH|2|& 243 (Am-243) 7,470 4
23 B2 127m (Te-127m) 110 54 3T 242 (Cm-242) 160
24 HM22 129 (Te-129) 70 & 55 FE 243 (Cm-243) 294
25 B2 129m (Te-129m) 34 56 S 244 (Cm-244) 18
26 225129 (1-129) 1570 G+ 57 U7t 54 (Mn-54) 3y
27 MI% 134 (Cs-134) 24 58 & 59 (Fe-59) 45
28 H& 135 (Cs-135) 2300+ 59 FLE 58 (Co-58) Y
29 Mi& 136 (Cs-136) 13 60 FLE 60 (Co-60) 54
30 Mi& 137 (Cs-137) 304 61 L2 63 (Ni-63) 100
31 HE137m (Ba-137m) 3 62 X232k 65 (Zn-65) 244 Y

28 | SFAI0FBAMY Q4 7I0] Sl J120A S2ARL


dx.doi.org/10.1016/S0140-6736(18)31891-9

30

N

N

w

21.

22.

STAIDEAS Q84 21|

X
T

CNIC, “Revelation of Endless N-damage Cover-ups: the “TEPCO scandal” and the adverse trend of easing inspection stand-
ards”, November/December 2002, see http://www.cnic.jp/english/newsletter/pdffiles/nit92.pdf; and Greenpeace International,
“Japanese nuclear safety scandal uncovered”, 30 August 2002, see https://www.greenpeace.org/archive-international/en/
news/features/japanese-nuclear-safety—scanda/

Mainichi Shimbun, "Japan's fishing industry firmly opposes release of tainted Fukushima water at sea", 9 October 2020, see
https://mainichi.jp/english/articles/20201009/p2a/00m/0na/039000c

JCER, “Contaminated water strategy of critical importance”, Japan Center for Economic Research, March 7, 2019, see https://
www.jcer.or.jp/policy-proposals/2019037.html (in Japanese)

John Large, “Preliminary analysis of TEPCO processed water data sheets”, June 21st 2018, Large&Associates, London for Shaun
Burnie, Greenpeace Germany

MOFA, “Response to the Joint Communication from Special Procedures from the Government of Japan”, 12 June 2020, see
https://www.mofa.go.jp/files/100064087.pdf

TEPCO, "ALPS-Treated Water> Updated Data for Storage Amounts broken down by the Sum of Ratios for Concentrations Re-
quired by Law", 27 August 2020, see https://www4.tepco.co.jp/en/decommission/progress/watertreatment/images/200827.pdf
European Parliament, "Possible Toxic Effects From The Nuclear Reprocessing Plants At Sellafield (UK) and Cap de la Hague
(France)", A first contribution to the scientific debate, Schneider, M., Study team: Coeytaux, X., Faid, Y.B., Marignac, Y., Rouy, E.,
Thompson, G. (IRSS, Cambridge, USA) Fairlie, I., Lowry, D., Sumner, D. (Independent consultants), European Parliament Direc—
torate General for Research Directorate A The STOA Programme, November 2001, see http://www,wise-paris.org/index.htmI?/
english/stoa_en.html&/english/frame/menu.html&/english/frame/band.html

Kyodo News, "OPINION: Fukushima nuclear waste decision also a human rights issue", 8 July 2020, see https://english.kyodone—

ws.net/news/2020/07/1145e5b3970f-opinion-fukushima-nuclear-waste-decision-also-a—human-rights-issue.html

TEPCO, “Treated Water Portal Site”, see https://www4 tepco.co.jp/en/decommission/progress/watertreatment/index—e.html
TEPCO, “Situation of Storage and Treatment of Accumulated Water containing Highly Concentrated Radioactive Materials

at Fukushima Daiichi Nuclear Power Station (465th Release) 24, August 2020. Tokyo Electric Power Company Holdings, Inc.,
see https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/watermanagement/pdf/2020/watermanage-
ment_20200824-e.pdf

Asahi Shimbun, “Toxic water level at Fukushima plant still not under control”, 28 July 2019, see http://www.asahi.com/ajw/arti-
cles/AJ201907280040.html

FHATHZALA(IRID)= SFAIO H1RTC| 371 2X2 88 & 2 =6t YXIZ XP|0]| CHSt Hiohs AL TIJRUCE @34
(cosmic ray) F&(Muon) A E ZEEICE 0| &6, IRIDE &8 212 ("2E"22 Y2iX o, Z32|E, M =3t 882 &
=)0 &2 FTIAUCL B B8UR/ZEY FFY2 ML AZ2 0|14, F2 5 02] Q015 2HEIGH0] TIHRUCE o2t AlMo| =M, 5 TFE Y =
A= 137] 232~357E (88 279 E), 257 189~390 E(SHU 2378), 3 188~394E (S8 364E)0[Ct. 327|9| 88 ¢=ol= &
FEE 235kg &M EREE MOX o= T 32707t Z&E|0] UL ZE 0| 7|E AR 127 698, 227| W 357| 22F 9420
2 0lf= ZE0:= 7IE ¢=2/0] L (molten steel) X 232 E7t ZRHE|0] U7| LHFO|CE. [2tM, FE HE2 f2fo| (=2 ELCE 2.5~48 B
=

JCER, “Contaminated water strategy of critical importance”, Japan Center for Economic Research, March 7, 2019, see https://
www_ jcer.or.jp/policy-proposals/2019037.html (in Japanese)

Ibid.

TEPCO, "Plant-related parameters - Real-time data", 27 August 2020, see https://www.tepco.co.jp/decommission/data/plant
data/

TEPCO, “Changes in the amount of water transferred from groundwater drains to reactor and turbine buildings and in the
amount of groundwater and rainwater flowing into the buildings”, 30 March 2020, see https://www.tepco.co.jp/en/hd/decom-
mission/information/newsrelease/groundwaterdrain_transition/pdf/2020/tr_200330_01-e.pdf

TEPCO, “Changes in the amount of water transferred from groundwater drains to reactor and turbine buildings and in the
amount of groundwater and rainwater flowing into the buildings”, 24 August 2020, https://www.tepco.co.jp/en/hd/decommis-
sion/information/newsrelease/groundwaterdrain_transition/pdf/2020/groundwaterdrain_20200824-e.pdf

Journal of Nuclear Science and Technology “Radionuclide release to stagnant water in the Fukushima-1 nuclear power plant1”,
Keniji Nishihara, Isao Yamagishi, Kenichiro Yasuda, Kenichiro Ishimori, Kiwamu Tanaka, Takehiko Kuno, Satoshi Inada & Yuichi
Gotoh (2015) , 52:3, 301-307, DOI: 10.1080/00223131.2014.946455, see https://doi.org/10.1080/00223131,2014.946455

Ibid.

IAEA, “Mission Report IAEA International Peer Review Mission On Mid-And-Long-Term Roadmap Towards The Decommission—
ing Of Tepco’s Fukushima Daiichi Nuclear Power Station Units 1-4 (Third Mission)”, Tokyo and Fukushima Prefecture, Japan, 9

- 17 February 2015 see https://www.iaea.org/sites/default/files/missionreport130515.pdf

CHHSH|HAH|(ALPS)= 2 2AI0F H12T0f| X E 2¥+E ME[Sh= G| AFZ-EICE 2013 98 7HSS AR 0|2 o] Xt 73S HA,
20143 BHEE = JH2F ALPS 9 118& ALPS7t 7HSEIRACE. The Japan Times, “ALPS system at Fukushima No. 1 plant failing to remove
more than tritium from toxic cooling water”, Kyodo, 19 August, 2018, see https://www.japantimes.co.jp/news/2018/08/19/
national/alps-system-fukushima-no-1-plant-failing-remove-tritium-toxic-cooling-water/?utm_source=Daily+News+Up-
dates&utm_campaign=65c5c70dd4-Monday_email updates20_08 2018&utm_medium=email&utm_term=0_c5a6080d40-
65c5c70dd4-332761853

Julian Ryall, “Japan plans to flush Fukushima water 'containing radioactive material above permitted levels' into the ocean”, 16

{°]
flr o

10
rot
1z

23.

24.

25.

26.

27.

28.

29.

30.

31

32.
33.

34.

35.
36.
37.
38.

39.

40.

4.

42.
43.

44,

45,

46.

47.

48.

49.

50.

51

October 2018, Daily Telegraph, see https://www.telegraph.co.uk/news/2018/10/16/japan—plans-flush-fukushima-water-con-
taining-radioactive- material/

TEPCO, "TEPCO Draft Study Responding to the Subcommittee Report on Handling ALPS Treated Water", 24 March 2020, see
https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/200324.pdf

Atomic Energy Society Japan, “Treatment of contaminated water stored in Fukushima Dai-ichi Nuclear Power Plant”, Division of
Water Chemistry, Fusion Engineering Division, 10 September 2013, see http://www.aesj.or jp/jikocho/Treatmentofcontaminated-
water,pdf

Op.cit. Nuclear Emergency Response Headquarters, 3 September 2013.

John Large, “Preliminary analysis of TEPCO processed water data sheets”, June 21st 2018, Large&Associates, London for Shaun
Burnie, Greenpeace Germany

Purelite, "Purolite Develops Solution to Fukushima Radioactive Water Clean-up", 23 March 2012, see https://www.prnewswire
com/news-releases/purolite-develops-solution-to-fukushima-radioactive-water-clean-up-143961516.html

Purelite, “Purolite Core Technology achieved ND in the onsite test (Extract from Purolite presentation at Tokyo District Court on
18 July 2017)

TEPCO, “Fukushima Daiichi NPS Prompt Report (Oct 21, 2014) Recent topics: New High-Performance Water Treatment System
At Fukushima Set To Increase Capacity By A Third While Cutting Waste 90 Percent”, see https://www.tepco.co.jp/en/press/
corp-com/release/2014/1243241_5892.html

Opcit. Purelit, 18 July 2017.

Opcit. Purelit, 18 July 2017.

Opcit. Purelit, 18 July 2017.

Judgment rendered on 20 September 2019 by the Intellectual Property High Court, original received on the same day by Court
Clerk Case No: 30th yr. of Heisei (2019) (Ne) No.10049 Case regarding Claim for Damages (Original case heard in Tokyo District
Court: 26th yr. of Heisei (2014) (Wa) No. 29490) Date of Conclusion of Oral Arguments: 18 July 2019

MOFA, “Response to the Joint Communication from Special Procedures from the Government of Japan”, 9 June 2020, see
https://www.mofa.go.jp/files/100064087.pdf; and TEPCO, "Tank Reuse Policy in light of the Results of Analysis of Water in Tanks
to be repurposed", 30 July 2020, see https://www.tepco.co,jp/en/decommission/progress/watertreatment/images/200730.pdf
TEPCO, "TEPCO Draft Study Responding to the Subcommittee Report on Handling ALPS Treated Water", 24 March 2020, see
https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/200324.pdf

Opcit. TEPCO, 24 March 2020.

Opcit. Purelite, 23 March 2012.

Ken O. Buesseler. “Opening the floodgates at Fukushima”, Science 7 Aug 2020: Vol. 369, Issue 6504, pp. 621-622

DOI: 10.1126/science.abc1507, see https://science.sciencemag.org/content/369/6504/621

IAEA, "Sediment Distribution Coefficients And Concentration Factors For Biota In The Marine Environment", Technical Reports
Series No. 422, International Atomic Energy Agency Vienna, 2004, see https://www-pub.iaea.org/MTCD/Publications/PDF/
TRS422 web.pdf

Ibid.

Opcit. Ken O. Buesseler. 7 Aug 2020.

The Graveline six nuclear PWR reactors discharged 0.000066 TBq of Cs-137 for the year of 2008.

Journal of Nuclear Science and Technology “Radionuclide release to stagnant water in the Fukushima-1 nuclear power plant1”,
Kenji Nishihara, Isao Yamagishi, Kenichiro Yasuda, Kenichiro Ishimori, Kiwamu Tanaka, Takehiko Kuno, Satoshi Inada & Yuichi
Gotoh (2015) , 52:3, 301-307, DOI: 10.1080/00223131.2014.946455. At https://doi.org/10,1080/00223131,2014,946455

Ibid.

European Parliament, "Possible Toxic Effects From The Nuclear Reprocessing Plants At Sellafield (UK) and Cap de la Hague
(France)", A first contribution to the scientific debate, Schneider, M., Study team: Coeytaux, X., Faid, Y.B., Marignac, Y., Rouy, E.,
Thompson, G. (IRSS, Cambridge, USA) Fairlie, I., Lowry, D., Sumner, D. (Independent consultants), European Parliament Direc—
torate General for Research Directorate A The STOA Programme, November 2001, see http://www.wise—paris.org/index.html?/
english/stoa_en.html&/english/frame/menu.html&/english/frame/band.html

AER0IM Bt2-142| 0|F HFHLIE2 EE-gol sl ZEEM, SS0M= 41 AFof [} O|F0fTICt. siER, 017, LR, AR ErA-14
&= A= CF2S & E: OSPAR, “French Implementation Report of PARCOM Recommendation 91/4 on radioactive discharges”,
2019, see https://www.ospar.org/documents?v=40984

IAEA, Management Of Waste Containing Tritium And Carbon-14, Technical Report Series 421, International Atomic Energy Agen-
cy Vienna, 2004, see https://www-pub.iaea,org/MTCD/publications/PDF/TRS421_web,pdf

MEFE2 MEFHSHA|4~(DCCs, uGy.h—1 per Bg.unit-1 of mass or volume)& L|Z &t L= MEHN| L LAY HF 5= (Bg.unit-1 of mass
or volume)0f| H&5}0§ A|LFSHCt.

As cited by IRSN (see reference below, Le Dizes-Maurel S, Maro D, Lebaron-Jacobs L, Masson M (2009). « Carbone 14 >, in
Chapitre 31, Toxicologie nucléaire environnementale et humaine. Ménager M.T., Garnier-Laplace J., Goyffon M. (Coord). Editions
Tex&Doc - Lavoisier., 603-618.

"Radionuclide fact sheet Carbon-14 and the environment", August 2012, see https://www.irsn.fr/EN/Research/publications-doc-
umentation/radionuclides-sheets/environment/Pages/carbon14-environment.aspx

MOFA, “Response to the Joint Communication from Special Procedures from the Government of Japan”, 12 June 2020, see
https://www.mofa.go.jp/files/100064087.pdf

31


dx.doi.org/10.1016/S0140-6736(18)31891-9
https://www.greenpeace.org/archive-international/en/news/features/japanese-nuclear-safety-scanda/
https://www.greenpeace.org/archive-international/en/news/features/japanese-nuclear-safety-scanda/
https://mainichi.jp/english/articles/20201009/p2a/00m/0na/039000c
https://www.jcer.or.jp/policy-proposals/2019037.html
https://www.jcer.or.jp/policy-proposals/2019037.html
https://www.mofa.go.jp/files/100064087.pdf
https://www4.tepco.co.jp/en/decommission/progress/watertreatment/images/200827.pdf
http://www.wise-paris.org/index.html?/english/stoa_en.html&/english/frame/menu.html&/english/frame/band.html
http://www.wise-paris.org/index.html?/english/stoa_en.html&/english/frame/menu.html&/english/frame/band.html
https://english.kyodonews.net/news/2020/07/1145e5b3970f-opinion-fukushima-nuclear-waste-decision-also-a-human-rights-issue.html
https://english.kyodonews.net/news/2020/07/1145e5b3970f-opinion-fukushima-nuclear-waste-decision-also-a-human-rights-issue.html
https://www4.tepco.co.jp/en/decommission/progress/watertreatment/index-e.html

https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/watermanagement/pdf/2020/watermanagement_20200824-e.pdf
https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/watermanagement/pdf/2020/watermanagement_20200824-e.pdf
http://www.asahi.com/ajw/articles/AJ201907280040.html
http://www.asahi.com/ajw/articles/AJ201907280040.html
https://www.jcer.or.jp/policy-proposals/2019037.html
https://www.jcer.or.jp/policy-proposals/2019037.html
https://www.tepco.co.jp/decommission/data/plant_data/
https://www.tepco.co.jp/decommission/data/plant_data/
https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/groundwaterdrain_transition/pdf/2020/tr_200330_01-e.pdf
https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/groundwaterdrain_transition/pdf/2020/tr_200330_01-e.pdf
https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/groundwaterdrain_transition/pdf/2020/groundwaterdrain_20200824-e.pdf
https://www.tepco.co.jp/en/hd/decommission/information/newsrelease/groundwaterdrain_transition/pdf/2020/groundwaterdrain_20200824-e.pdf
https://doi.org/10.1080/00223131.2014.946455

https://www.iaea.org/sites/default/files/missionreport130515.pdf
https://www.japantimes.co.jp/news/2018/08/19/national/alps-system-fukushima-no-1-plant-failing-remove-tritium-toxic-cooling-water/?utm_source=Daily+News+Updates&utm_campaign=65c5c70dd4-Monday_email_updates20_08_2018&utm_medium=email&utm_term=0_c5a6080d40-65c5c70dd4-332761853
https://www.japantimes.co.jp/news/2018/08/19/national/alps-system-fukushima-no-1-plant-failing-remove-tritium-toxic-cooling-water/?utm_source=Daily+News+Updates&utm_campaign=65c5c70dd4-Monday_email_updates20_08_2018&utm_medium=email&utm_term=0_c5a6080d40-65c5c70dd4-332761853
https://www.japantimes.co.jp/news/2018/08/19/national/alps-system-fukushima-no-1-plant-failing-remove-tritium-toxic-cooling-water/?utm_source=Daily+News+Updates&utm_campaign=65c5c70dd4-Monday_email_updates20_08_2018&utm_medium=email&utm_term=0_c5a6080d40-65c5c70dd4-332761853
https://www.japantimes.co.jp/news/2018/08/19/national/alps-system-fukushima-no-1-plant-failing-remove-tritium-toxic-cooling-water/?utm_source=Daily+News+Updates&utm_campaign=65c5c70dd4-Monday_email_updates20_08_2018&utm_medium=email&utm_term=0_c5a6080d40-65c5c70dd4-332761853
https://www.japantimes.co.jp/news/2018/08/19/national/alps-system-fukushima-no-1-plant-failing-remove-tritium-toxic-cooling-water/?utm_source=Daily+News+Updates&utm_campaign=65c5c70dd4-Monday_email_updates20_08_2018&utm_medium=email&utm_term=0_c5a6080d40-65c5c70dd4-332761853

https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/200324.pdf
http://www.aesj.or.jp/jikocho/Treatmentofcontaminatedwater.pdf
http://www.aesj.or.jp/jikocho/Treatmentofcontaminatedwater.pdf
https://www.prnewswire.com/news-releases/purolite-develops-solution-to-fukushima-radioactive-water-clean-up-143961516.html
https://www.prnewswire.com/news-releases/purolite-develops-solution-to-fukushima-radioactive-water-clean-up-143961516.html
www.euro.who.int/__data/assets/pdf_file/0006/238956/Health_risks_air_pollution_HRAPIE_project.pdf

https://www.tepco.co.jp/en/press/corp-com/release/2014/1243241_5892.html
https://www.tepco.co.jp/en/press/corp-com/release/2014/1243241_5892.html
https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/200730.pdf
https://www.tepco.co.jp/en/decommission/progress/watertreatment/images/200324.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/TRS422_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/TRS422_web.pdf
https://doi.org/10.1080/00223131.2014.946455
http://www.wise-paris.org/index.html?/english/stoa_en.html&/english/frame/menu.html&/english/frame/band.html
http://www.wise-paris.org/index.html?/english/stoa_en.html&/english/frame/menu.html&/english/frame/band.html
https://www.ospar.org/documents?v=40984
https://www-pub.iaea.org/MTCD/publications/PDF/TRS421_web.pdf
https://www.irsn.fr/EN/Research/publications-documentation/radionuclides-sheets/environment/Pages/carbon14-environment.aspx
https://www.irsn.fr/EN/Research/publications-documentation/radionuclides-sheets/environment/Pages/carbon14-environment.aspx
https://www.mofa.go.jp/files/100064087.pdf

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.
68.

69.
70.

7.

72.

73.

74.

75.

76.

77.

78.
79.
80.

81.

82.

32 | SRAOFBAE 2 21

TEPCO, "ALPS-Treated Water> Updated Data for Storage Amounts broken down by the Sum of Ratios for Concentrations Re-
quired by Law", 27 August 2020, see https://www4.tepco.co.jp/en/decommission/progress/watertreatment/images/200827,pdf
TEPCO, "Fukushima Daiichi Nuclear Power Station Performance confirmation tests of the secondary treatment of water treated
with multi-nuclide removal equipment”, 10 September 2020, see https://www4.tepco.co.jp/en/decommission/progress/water—
treatment/images/200910.pdf

Opcit. TEPCO, 27 August 2020.

TEPCO, “Status of Contaminated Water Status of Contaminated Water Treatment and Tritium at Fukushima Treatment and Triti—
um at Fukushima Daiichi Nuclear Power Station Daiichi Nuclear Power Station Tokyo Electric Power Company, Inc. 24 April 2014,
see https://www.meti.go.jp/earthquake/nuclear/pdf/140424/140424 02_008.pdf

METI, “The Outline of the Handling of ALPS Treated Water at Fukushima Daiichi NPS (FDNPS)”, Agency for Natural Resources
and Energy METI, 21 November, 2019, see https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20191121
current_status.pdf

S84 AH H7|E L BtA-14= 8 pHOj| 2} EF B 3/ = SEU0|2H ofehs HWEHZ EXLTt. [2tA, 0|2 uet § MEXQI
He| Z2MAM = K| AEZIO|A HCO3 -1/CO3 -2 HEZ L8| 14CE HM|AHY 4= QUCt E=: Opcit. IAEA 2004.
Opcit. TEPCO, 24 March 2020.

ANRE, “The current status and future process of the domestic study of ALPS treated water at Fukushima Daiichi NPS”, Agency
for Natural Resources and Energy, METI September, 2019, see https://www.meti.go.jp/english/earthquake/nuclear/decommis—
sioning/pdf/20190904 _current_status.pdf

METI, "The Subcommittee on Handling of the ALPS Treated Water Report 10, February 2020, see https://www.meti.go.jp/eng-
lish/earthquake/nuclear/decommissioning/pdf/20200210_alps.pdf

Ibid.

Rodgers DW, “Tritium Dynamics in Mice exposed to Tritiated Water and Diet.” Health Physics, 63, 331-337 1992, see https://jour-
nals.lww.com/health-physics/Abstract/1992/09000/Tritium_Dynamics_in_Mice Exposed_to_Tritiated.9.aspx

Opinion of Dr lan Fairlie, personal communication with Shaun Burnie, 25 August 2020.

S. L. Commerford; A. L. Carsten; E. P. Cronkite, “The Turnover of Tritium in Cell Nuclei, Chromatin, DNA, and Histone”, Radiation
Res (1982) 92 (3): 521-529, see https://doi.org/10.2307/3575924

Duong, T., Trivedi, A. “Evaluation of storage conditions for tritiated thymidine as reference organically-bound tritium in urine”, J
Radioanal Nucl Chem 226, 229-231 (1997), see https://doi.org/10,1007/BF02063653

S. L. Commerford; A. L. Carsten; E. P. Cronkite , “The Distribution of Tritium in the Glycogen, Hemoglobin, and Chromatin of
Mice Receiving Tritium in Their Drinking Water”, Radiat Res (1977) 72 (2): 333-342, see https://doi.org/10.2307/3574703

Opcit. Fairlie, 25 August 2020.

R. V. Osborne , “Permissible Levels of Tritium in Man and the Environment” Radiation Research Vol. 50, No. 1 (Apr., 1972), pp.
197-211 (15 pages), Radiation Research Society DOI: 10.2307/3573479, see https://www.jstor.org/stable/3573479

Opcit. Fairlie, 25 August 2020.

Autorité de Sareté Nucléaire, Livre Blanc Tritium, July 2010, http://livre-blanc-tritium.asn.fr/plus/english-version.html

Dr David Boiley, personal communication with Shaun Burnie, 31 August 2020; see also https://www.acro.eu.org/international/
japon/actualites—fukushima/

Eyrolle, F., Copard, Y., Lepage, H. et al. Evidence for tritium persistence as organically bound forms in river sediments since the
past nuclear weapon tests. Sci Rep 9, 11487 (2019). https://doi.org/10.1038/541598-019-478211

Eyrolle, F. et al. An updated review on tritium in the environment.”, Institut de Radioprotection et de Sureté Nucléaire (IRSN),
PSE-ENV, SRTE, BP 3, 13115 Saint-Paul-lez-Durance, France, J. Environ. Radioactiv. 181, 128-137 (2018), see https://www.sci-
encedirect.com/science/article/pii/S0265931X17307956?via%3Dihub

Opcit. Eyrolle, F. 2019.

Kurion technical officer, Gaetan Bonhomme, cited in Los Angeles Times, “4 years after Fukushima, Japan considers restarting
nuclear facilities”, 30 March 2015, see http://www. latimes.com/world/asia/la-fg-japan-nuclear-20150330-story.html

METI, “Committee on Countermeasures for Contaminated Water Treatment”, 19th April 2016, 14th meeting, see http://www.meti,
go.jp/earthquake/nuclear/osensuitaisaku/committtee/tritium_tusk/pdf/160419_07.pdf (in Japanese)

International Research Institute for Nuclear Decommissioning (IRID), “Previous Discussions on the Management for Tritiated Wa-
ter”, 3 June, 2014 Ministry of Economy, Trade and Industry Agency for Natural Resources and Energy (Cabinet Office, Manage-
ment Office of the Team for Decommissioning and Contaminated Water Countermeasures), see https://www.mri.co.jp/english/
news/2014060212E.pdf

Opcit. Los Angeles Times, March 2015.

Opcit. Los Angeles Times, March 2015.

U.S.DOE, “Separation of Tritiated Water Using Graphene Oxide Membrane” Prepared for U.S. Department of Energy Fuel Cycle
Research and Development Material Recovery and Waste Form Development CampaignGJ Sevigny, RK Motkuri, DW Gotthold,
LS Fifield Pacific Northwest National Laboratory AP Frost, W Bratton Kurion June 2015 FCRD- MRWFD-2015-000773 PNNL-24411,
see https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24411,pdf

Op.cit. JCER, 7 March 2019.

METI, “The Subcommittee on Handling of the ALPS Treated Water Report” 10 February 2020 (Provisional Translation), see
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20200210_alps.pdf

10
rot
1z

83.

84.
85.
86.
87.
88.
89.
90.
9.

92.

93.

94.
95.

96.

97.

98.
99.

100.

101.

102.

103.
104.

105.

2AQI3l= “ALPS M| 5L ALPS HakkzZ| ool AEEE HA X2|o| H22 201913 108 313 oF 1178 m30|0{, HEA0| Yt 5=
= HT 856 TBq, 0.73 MBqg/LO|Ct 2t EgHCt,

Opcit. METI, 10 February 2020.

Opcit. METI, 10 February 2020.

Opcit. METI, 10 February 2020.

Opcit. METI, 10 February 2020.

Opcit. METI, 10 February 2020.

Opcit. METI, 10 February 2020.

Opcit. METI, 10 February 2020.

Greenpeace Germany, “Decommissioning plans for the Fukushima Daiichi Nuclear Plant Analysis of IAEA Mission Re-

port and NDF Strategic Plan”, Shaun Burnie, March 2019, see https://storage.googleapis.com/planet4-japan-state—
less/2020/09/866bd062-tepco-water—crisis.pdf

TEPCO, "Roadmap on the Way to Decommissioning - Milestones on the Mid- to Long-Term Roadmap", see https://www.tepco,
co.jp/en/hd/decommission/project/roadmap/index-e.html

EE 20201 28 A9I18] H 0| QIZE 24 3: 16X ALPS 421213 32| LHZOIA 23t ZOICk. shg Eoll= THg 4= 21 7IxjEof
2t

* Q7] =Xl CHfet Pgol| et AlekEl =X Yol Fofshof e Z0IC, FRAI0F HIT MXZ AZO| HEsL RE2 AL T 1-3
D)0l EHRUT| TR0, EChet AR AL E MEBH = ULt Akl H EXHUT oS40 S0 2Y0f ZeE|0f UAS = AUCE

NE7|122 U= W ARG 3 7|EF 2RO HOIU= af 5220 w2t H2hE = ALt
* 3Tt S ot Y WALs HAIE U 2BH0f ot
* RS0 MEE ALPS M2|s K 20| 22 E 205, T2 20| 22 E WX X2|ps AL Wttt AtM = F=6l0F St
*1 AZEN R 0| SRAOF HITL| A SR SH EEL S 712t
* 2 i RS EX|A| =0 A= 2020 VX 137m3E FIHH o= HR[Sh= AS U5t UL
* 3 MZZ0] 20200 JHAIE THsE2 YRE R, sliY B2 ALMEE M} 7|2te| 2AIE o= X2 HASIACE
Opcit. METI, 10 February 2020.
UN OHCR, “Fukushima: Japan must not ignore human rights obligations on nuclear waste disposal - UN experts”, 9 June 2020,
see https://www,ohchr,org/EN/NewsEvents/Pages/DisplayNews.aspx?NewsID=25940&LangID=E; and Kyodo News, “U.N. experts
urge Japan not to rush discharge of radioactive water”, 9 June 2020, see https://english.kyodonews.net/news/2020/06/6f6afd—
14d6a4-un—-experts—-urge-japan-not-to-rush-discharge-of-radioactive-water.html
The four Special Rapporteurs were: Mr. Baskut Tuncak, Special Rapporteur on the implications for human rights of the environ—-
mentally sound management and disposal of hazardous substances and wastes; Mr. Michael Fakhri, Special Rapporteur on the
right to food; Mr. Clément Nyaletsossi Voule, Special Rapporteur on the rights to freedom of peaceful assembly and of associa-
tion; and Mr. José Francisco Cali Tzay, Special Rapporteur on the rights of indigenous peoples.
OHCHR, “Joint Communication from Special Procedures”, 20 April 2020, see
https://www.mofa.go.jp/files/100064085.pdf
Ibid.
MOFA, “Response to the Joint Communication from Special Procedures from the Government of Japan”, 12 June 2020, see
https://www.mofa.go.jp/files/100064087.pdf
Nucleonics Week, “Japanese government likely to start water disposal preparations in summer”, 19 March 2020.

Citizens' Alliance Stop Polluting the Oceanl, “Communication to to Mr.Baskut Tuncak,Special Rapporteur on the implications for
human rights of the environmentally sound management and disposal of hazardous substances and wastes Mr. Michael Fakhri
Special Rapporteur on the right to food Mr. Clément Nyaletsossi Voule, Special Rapporteur on the rights to freedom of peaceful
assembly and of association Mr. Francisco Cali Tzay, Special Rapporteur on the rights of indigenous peoples, 10 July 2020.
Ishikawa Town, “Opinion against the release of tritium-contaminated water stored on the premises of the TEPCO Daiichi Nuclear
Power Plant to protect the lives of fisheries and fishermen in Fukushima Prefecture”, 11 March 2020, (in Japanese), see https://
www.greenpeace,org/japan/sustainable/story/2020/07/14/17127/
Ibid.
Baskut Tuncak served U.N. special rapporteur on the implications for human rights of the environmentally sound management
and disposal of hazardous substances and wastes from 2014 to 2020.
Kyodo News, "OPINION: Fukushima nuclear waste decision also a human rights issue", 8 July 2020, see https://english.kyodone-
ws.net/news/2020/07/1145e5b3970f-opinion-fukushima-nuclear-waste-decision—-also-a—human-rights-issue.html

33


dx.doi.org/10.1016/S0140-6736(18)31891-9
https://www4.tepco.co.jp/en/decommission/progress/watertreatment/images/200827.pdf
https://www4.tepco.co.jp/en/decommission/progress/watertreatment/images/200910.pdf
https://www4.tepco.co.jp/en/decommission/progress/watertreatment/images/200910.pdf
https://www.meti.go.jp/earthquake/nuclear/pdf/140424/140424_02_008.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20191121_current_status.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20191121_current_status.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20190904_current_status.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20190904_current_status.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20200210_alps.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20200210_alps.pdf
https://journals.lww.com/health-physics/Abstract/1992/09000/Tritium_Dynamics_in_Mice_Exposed_to_Tritiated.9.aspx
https://journals.lww.com/health-physics/Abstract/1992/09000/Tritium_Dynamics_in_Mice_Exposed_to_Tritiated.9.aspx
https://doi.org/10.2307/3575924
https://doi.org/10.1007/BF02063653
https://doi.org/10.2307/3574703
https://www.jstor.org/stable/3573479
http://livre-blanc-tritium.asn.fr/plus/english-version.html
https://www.acro.eu.org/international/japon/actualites-fukushima/
https://www.acro.eu.org/international/japon/actualites-fukushima/
https://doi.org/10.1038/s41598-019-478211
https://www.sciencedirect.com/science/article/pii/S0265931X17307956?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0265931X17307956?via%3Dihub
http://www.latimes.com/world/asia/la-fg-japan-nuclear-20150330-story.html
http://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/committtee/tritium_tusk/pdf/160419_07.pdf
http://www.meti.go.jp/earthquake/nuclear/osensuitaisaku/committtee/tritium_tusk/pdf/160419_07.pdf
https://www.mri.co.jp/english/news/2014060212E.pdf
https://www.mri.co.jp/english/news/2014060212E.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-24411.pdf
https://www.meti.go.jp/english/earthquake/nuclear/decommissioning/pdf/20200210_alps.pdf
https://www.tepco.co.jp/en/hd/decommission/project/roadmap/index-e.html
https://www.tepco.co.jp/en/hd/decommission/project/roadmap/index-e.html
https://www.ohchr.org/EN/NewsEvents/Pages/DisplayNews.aspx?NewsID=25940&LangID=E; and Kyodo News
https://english.kyodonews.net/news/2020/06/6f6afd14d6a4-un-experts-urge-japan-not-to-rush-discharge-of-radioactive-water.html
https://english.kyodonews.net/news/2020/06/6f6afd14d6a4-un-experts-urge-japan-not-to-rush-discharge-of-radioactive-water.html
https://www.mofa.go.jp/files/100064085.pdf
https://www.mofa.go.jp/files/100064087.pdf
https://www.greenpeace.org/japan/sustainable/story/2020/07/14/17127/
https://www.greenpeace.org/japan/sustainable/story/2020/07/14/17127/
https://english.kyodonews.net/news/2020/07/1145e5b3970f-opinion-fukushima-nuclear-waste-decision-also-a-human-rights-issue.html
https://english.kyodonews.net/news/2020/07/1145e5b3970f-opinion-fukushima-nuclear-waste-decision-also-a-human-rights-issue.html

:
%)
=p
Q
&
=
W
e
=
=
o
¥
o
=
D
®
—

©
®
Q
)
™

JRImAS M XITHLI HYRHO| §OIS SO oHZoH| P B2
ol T oIl WAO ChSoH SRRl 32 APl TR
TRIT|AL HEBO} TS STGH| Sl BSS Sot Afzle] 3HHel
S1Z TRILICY,

Greenpeace East Asia Seoul Office
M| AT SHUTHR 257 HEWY 65 (04322)

https://www.greenpeace.org/korea

gy
IR




