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Kumamoto 2003—2005 6.7 =54 125 +69 9.0 4+ 8.2

Toki 2003—-2006 9.0 + 6.5 90+16 20+ 1.2

Rokkasho 2005—2006 3.6 + 2.3 854+26 1.9 +0.8
(TU) (TU) (TU)

7 4x10° 2x104

Akata, N.,et al., J Environ Radioact 102, 837 (2011).
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a8 OSPAR Commission, Liquid discharges
from nuclear installation in 2010. No.
569, 2012

b Biogeosciences 10 (2013) 5481-96.
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-fh3H MI RTOBTELTHE

60 (kg/y) x0.08 (Bg/kg) X 4.2 x 1011 (Sv/Bqg)= 2 X 1010 (Svly)

&

aPovinec, P. P. et al. Cesium, iodine and tritium in NW Pacific waters - a comparison of the Fukushima impact with global fallout,
Biogeosciences 10 (2013) 5481-96.

b Jean-Baptiste, P., et. al. Environmental OBT/TFWT ratios revisited, Fusion Science and Technology, 60, (2011) 1248-1251.
chttp://www.jfa.maff.go.jp/j/kikaku/wpaper/h22_h/trend/1/t1 2 1 1.html
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" Nycomed-Amersham plant (UK) DSORET. SBERSE ($03700) . B4 (%3100) . E5LE
(K956) BEXH Q)

A= B0 EEA __: %
Cas=137 19~84 8 50~ 340 H 75 3 54 H
BfHK H-3 — 12 ~54 9 11~190H8 02 ~75 %D
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EEIREEND,

SHImEEDH

HDEOSKHDIGEICHDTHDIEEZSND] (XEK 9)

NCRP: ®HDKEEMEDICHNT, BADKIEIS Z2TDEAERD10 mGy/dayiZEDEMEBITIRERT

IAEA: DKBIREBEICHNT, EMEFDRADHKIE ZEZ1TDEIEN10 mGy/day®HBDUIEZNIUTRICIE
MRBIRERZFIRINITED ZEDICHETEDIEEZSND] (Xt 10)

UNSCEAR: ZNMUTOIRETIEIFETRNEFBEIND MNRERER ) (T, BT SVO LY, 3T S
VOBV, BEEN. RRBICZENZN. 82,68, 25, 1.6 mGy/day Z25TCL\D (it 8)

Approximate acute lethal dose ranges for various taxonomic groups

OEBE—RE22SEDRB THENENE 1T
ADSHENE YD AN T4EBa/ ket@t S
NneEinadn, COBOHIIBFEEERE, 3.2
mGy/day EEtEINDHN

Viruses
Maolluscs
Protozoa
Bacteria

Moss, lichen, algae

Insects
O it g A 2 o i b . T ) i ’ Crustaceans
2 2T L7 X NEBAA B ZE MRS (L \ ik A=A m | — 3,
.'yz'."T N () ER ; 15 22 J PR i [ 1ES U ) '_K =k ,L 1 | f— * DAV Reptiles
g T e S e By ar Tl = AN ey I B e : — 2 52580
710 ']v‘-:t.[il] MRV )R IoFKLUIC T A DVDTE Amphibians
FENECES 5N Fish
Higher plants
Birds
Mammals
I ] 1 1
10° AL LLt8 10

(X@k 8K D)

ACUTE LETHAL DOSE (Gy)
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(RFE) -B%xEfE60kgiER
-[OBT]=[HTO ]
- h3H M9 RTOBTELTHEAE

[FWT] = [HTO]

60 (kg/y) X 60000 (Bg/kg) X 4.2 x 1011 (Sv/Bqg)= 1.5 % 104 (Svly)
= 0.15 (mSvly)
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(From Seelentag W, Two cases of tritium fatality, in Tritium, Edited by Moghissi AA and Carter MW, Phoenix, Ariz. : Messenger Graphics, 1973)
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- SRR TOEFBEIZ. 7TH~18H (HTO) BLU40BFEE (OBT)

- SRR zh R L (RBE) [£1.0~20f8E
(ChEVUgl. HANTEVNELSTHEEHD)

- FHIEHEEIX8GYIEE
(RO RAERERNIR 5 T0.56~0.93 GBqg/glAE)

X3 VIXREFETRAEIPSBShAEMN)FIL S D RBE.

¥fiokyk  RBE “&?éﬁi ez

LDs0/20 17 4~8 J.E. Furchner (1957)
Bt - IR OZEERE 13-15 1~10 ].B. Storer et al.(1957)
wid RO REEREY 1.0-20 0.6 R. Kozkowski eral.(2001)
MEITTHEROTAMYA 14-21 0.13~028 K. Ijiri (1989)

SRR OAETFE  16-30 0055 R.L.Dobsonetal.(1976)
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2. EKBEE -N)FIOLDBICRIELGTSUNERE
2—-1 50 :Darlington Tritium Removal Facility
2-2 &% :Wolsong Tritium Removal Facility
2-3 B:AITAEKBREE (D). (1)
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1-1-1 K7ZER

Depleted

JRIE: h'J?—’?ARﬁ%(_ Condenser

IKOFEHRETE = 8BK>BK>FFHLK e

RFBREDRBRYRL (ZFD) ICTKY. BROBEWNNIF U LKERBIZEE.
BEISRAS—Z2H N TERR[FEL, BIEICEHERZTZH LT, BT KIS
RYET.ZREEY. BRYRLZREISES,

KD FEz& K[UE (torr)

mmmm- S

>

2

Distillation Packing

P(H,0) 23.756 14938  355.1 i
P(HTO) 21.7 1415 3413 73838
P(H,0)/P(HTO) 1.095 1.056  1.040  1.029
Eff RBEELT, BRSNS TED T LEMA, i A R e o8

KT : 77 B (R B (=P(H,0)/P(HTO)) MIEE(Z/MELY, (%)
— ZKFE-BREORBRYRLEIHN ZL, BN,
PR EKRELT H=HIZ, BE T:EEL,

Boiler
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BAKRO FHERE=BKE> BKE>MFI L4 e
BRIARKFBRDRERBICEY HRRDOBULN)FI LEFRPIZEMSE.

Feed IJ"

BARKZ] D FEE AL (torr) (Rt F) \[\
T

()20 s

P(H,) 677.4 2374.7
P(HT) 288.8 1332.6
P(T,) 750.3
P(H,)/P(HT)  2.346 1.782

Distillation Packing

€

w--------

Concentratefi e

R KELRHBERE (SP(H,)/PHT)), D)
JERT  RIAKFRIRE (]920K) TO @~ XS heater |
KFHARADTIEIZH T HREX K. KFHIR.
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JREE:
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Water 7K %0?'7}(

A

- Ko KZER KRR D BAELAR R I
BKRKFZERUVMN)FOLDRE=KP>KEZP>KFE

K. IKZER . KFEH A%, MR TR,
KEHARAPDEKFEOMN)FILEKERKEZZEBRLTKERIZER.

GFEERE
-FEIRLA RS, ARENE  KITENDEEEZKRD,
ZRAMEKFZF DA DVPCE (Vapor Phase Catalytic Exchange)
MNETBF, HICHRGO THRIEM, SiEdrs+HARKBI TRERIC
(hF45 . &),
- BRKPEARIEAVBAF
L&, BREZET. RRD A EZRFKELPCE (Liquid Phase Catalytic

7K

Feed q.

3

Exchange)
BEICERUEIVLEFZZELTKNOKFEZRE, BRICERZTESZLEE

S

|

Electrolysis

ZECGKBLRILIEIEIZT H) , CECE(Combined Electrolysis Catalytic

Cell

Exchange), B. 88E. &,

FIARBROHERE R RE DB RSV :H,0L)&H,0(V)&
ZR-KEMBD B FZEAG:H,O(V)2H,(G) kYDA, aGHZECH

Concentrated

TKor7K F

T(°C) 16 20 25 56 80 111 158 217

303

aG(T) 6.73 6.47 6.25 5.05 4.37 3.76 3.10 2.64

2.17
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*) BRE—DOHBAIZLTIZHE

ALEEREH  :500m3/day
*Feed :5E+3 Bg/ml
*Depleted :6E+1 Bg/ml

Feedifii & (m%/d)

1.E+03
*
D F
1.E+02
*)
1.E+01 n £ o
D?J‘)‘z
D F C
5@
1.E+00
1T T T 1T T 1
D ITER WpS F C
(Design) #*x)
1.E-01 F:Feed
D Fo C:Concentrated
o D:Depleted
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1.E-02 J T T T T
1E-14 1E-12 1E-10 1E-08 1E-06 1E-04 1E-02 1E+00 (atom ratio
i L L \ 4 1 d
1E400 1E+02 1E+04 1.E+06 1E+08 1E+10 1E+12 1E+14 (Ba/ml)
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Tritium Activity, Biological Effects, and Regulations

Specific/Locus Mutations
27,750,000,000 Bq L?

LDy /30 in Mice
37,000,000,000 Bq L*

A AN i ce

| | I | | |

|

|

1100 GBq

I__ l 1 1 L L
1 1 | I T

|

Chromosome Aberrations, Miutations, and Cell Killing

110,000,000 Bq L*
| 1 | | |

—1—

—

{10 GBq

l ! I | | !

No Detectable Cancer or lifé'shortening
1
37,000{000 Bgl . \

-1 GBq

L | | |
| 1 | | | I

1100 MBq

=
—
—
e

—

—

1 10 MBq

11 MBq

Brooks AL, Couch LA, Chad SA. 2013. Commentary: What is the Health Risk of 740 Bq L-1 of Tritium? A Perspective.

Health Phys 104, 108-114.



Tritium Activity, Biological Effects, and Regulations

SRiRE (AQEHRREN
DIKPDRERE)
Drinking Water Standard Finland Drinking Water Guideline Australia
30,000 Bg L* \ 76,000 Bq L! \
} % | i i t % i % 1 100 kBq
\ Drinking Water Guideline World Health Organization | Drinking Water Standard Canada
10,000 Bq L 1 7,000 Bq L*
E t t t f t t t t 110 kBq
Drinking Water Guideline European Union Drinking Water Standard USA
/ 100 Bq L 740 Bq L N
| ! 1 1 1 1 1 ] | |
! ] ! ! ! ! ! ' ! 1 1 kBq
<EUD S 4T B RIE> iawﬂﬁmq:muﬁr%(wesi
.‘ 4 4 ; - + t t t 1100 Bq
RFNEEBDE=2)TI=ETS Background-tevelofFritiam-
l#ﬁHd'FBEﬂE 17 Bqg L2

BARREBKFHUAII BADEKFPHDBGLRIL

| 1 . l . 1 | | | | 1Bq

Brooks AL, Couch LA, Chad SA. 2013. Commentary: What is the Health Risk of 740 Bq L-1 of Tritium? A Perspective.
Health Phys 104, 108-114.



lonizing Radiation Dose Ranges Chart (Sievert)

Cancer Epidemiology

- B
| | | | | | | | | |
| T [ I 1 T T T 1 1 Sv
TRamsar Iran High Natural
background: 200 mSv yr?
DOE Low Dose Program

|< | | | | | | | | >,
f T T I T 1 T T > 100

TDHS emergency guidelines for DOE. NRC dose limit for Spiral CT scan (full body) mSv

relocation: 20 mSv yr? workers: 50 mSv yr- 15-100 mSv

— : : : : : '

< > 7?\:&30)7](’&1 fF—Fa'ﬁEHXLT'H‘#U)

USA Natural background: . 488 %9900 pSv yr-’ ISv

3. %ﬁq’%f}{b’*‘)b@ﬁ’éﬁﬁfﬁﬁ&ﬂlb RegU|atIO- 19 WX WUMIVGCIHIINIGY

=B DR E #3900 uSv yr
| | | | | |
| 1 T T T 1 1 | 1 1 1 mSv
TNRC cleanup criteria for site DOE, NRC dose limit for
decommissioning for unrestricted use: |Dental x-ray (1 film) the public 1 mSv yr
250 pSv yrt 60 uSv
i } i i i : 1 ? } | 100
- e EPA dose limit from uSv
EPA dose limit public drinking release in air 100 pSv yr-!
water systems: 40 pSv yr?

: % ; % ; ; % % ——110 pSv
Dose from 740 Bq/Liter
Tritium: 9-9.4 pSv yr!
Brooks AL, Couch LA, Chad SA. 2013. Commentary: What is the Health Risk of 740 Bq L-1 of Tritium? A Perspective.
Health Phys 104, 108-114.
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Tritium levels In various Environment

OBT in Tree Rings
1km 9km ratio expected*

1961-75 3654 288 12.7 15 Canada

1975-81 2325 150 15.5
*GASCON Valdac @France

B @Romania
102 101 100 101
* A
KBRS
R IR

DL 3He-ingrowthj% | | DL ®ABEx

[Bg L*-H,0]
102 103

@)
Rain in Tokyo in 1963
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