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Number of radionuclides measured in tank data (ALPS treated water only) provided to PIF
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https://www.meti.go.jp » nuclear » english > shirou_alps
What is tritium?|ALPS treated water ...

It is a radioactive substance that is broadly present in the natural environment. The energy of
radiation emitted by tritium is extremely weak and can be ...

]

H RREN

https://www.tepco.co.jp » watertreatment » images PDF
What is Tritium?

Tritium emits weak radiation. Tritium has two more neutrons than a normal hydrogen atom.
This makes its atomic nucleus unstable.

18 nanac

© Nuclear Energy Institute
https://nei.org » www.nei.org » files PDF

TRITIUM

Tritium is also a byproduct of the production ... the radiation produced by tritium released from
nuclear ... “Tritium emits a very weak beta particle.
2 pages

Nuclear Regulatory Commission (.gov)
https://www.nrc.gov » doc-collections » fact-sheets » t...

Backgrounder On Tritium, Radiation Protection Limits, And ...

Tritium emits a weak form of radiation, a low-energy beta particle similar to an electron. The
tritium radiation does not travel very far in air and cannot ...
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Paper Thin metal Thick metal Water/concrete, etc

Alpha(a)rays m o~ \

Beta () rays &)
Beta (3) rays
(tritium) 0

Gamma(y)rays
(cesium-137)

Neutron rays
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The Penetrating Powers of Alpha and Beta Particles and Gamma Rays

Alpha Particles
Radiation Source Stopped by a
sheet of paper

Beta Particles
Stopped by a layer of clothing
or by a few —————f-
millimeters of a substance
such as aluminium
Gamma Rays

L | Stopped by M o
several feet of concrete Organi
or a few inches of lead Tissue

oS4 HEf Bl = 22 X0 L X[ O K| 2F 1 & Cf 10 S A
BFEA] ot A2 OFEL|Cf

0.20 H
Single scattering
0.15 /
= 0.10 Double scattering
Triple scattering

—_— - Sssssasesss

From Aseev et al. 2011.

30 TS SHLET| R0 EXQI7} » FRAIOF QAL WReL 21T H| 20| A2t2tH|

[y}




O
—
(D
o
—
<
(D
S
(D
wn
wn

e 2Lt SR B2 A0 (fE2EH MBSTAE MF T EL LHE
HIAPS B HCF O ZASHALEH 2ot BAls2 BEd 4= ot
2hL| .

« ST AO|RBEE T E 28 U0 AL 2 LEESHS L|CE RBE>
2.

NAFHO2 AS4A HIE LINEIHS UKD 20 KA X =40 Stots HYLICH
AS+2° =2 RBEE 0238 £ 1= 4SS Lo SIHZ 218 DNAS Us &4 220t
SIECZ N LMELICEH (Bellamy et al., 2013).

Ole &SA0I s HO| 2 S220/2t= HE0 AR IIZ0 HEE 4~ Ul B2 L XELICH

Clustered DNA damage

Breakage Classification scheme
(Chariton & Humm, IJRB 53, 353 (1988),
Nikjoo et al, lJRB 71, 467 (1997))

Fig. 1. Breakage classification scheme for various types of DNA damage used in computational modeling
(Goodhead, 2006).
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RBE = Relative Biological Effectiveness
(4=t 21|

Table 3. RBE values for selected beta emitting radionuclides
relative to 1 MeV electrons.
E: (keV)

Nuclide 1.5 2.0 3.0 4.0 5.0 6.0
H-3 1.67 1.74 1.86 1.97 2.05 2.11
C-14 1.23 1.24 1.24 1.26 1.27 1.28
P-32 1.01 1.01 1.01 1.01 1.01 1.01
Sr-90 1.11 1.11 1.11 1.11 1.12 1.12
Y-90 1.01 1.01 1.01 1.01 1.01 1.01

Bellamy et al., 2013

SSRN
l Open PDF in Browser

* Add Paper to My Library

Revise my Submission 2 SCience OF THE
Total Environment

Biological Consequences of Exposure
to Radioactive Hydrogen (Tritium): A
Comprehensive Survey of the (aeoRosh,,
Literature

100 Pages
Posted: 17 Apr 2023

l( \

University of South CArolina
Sarah A. Todd \ ﬁ
University of South Carolina - P

Date Weritten: April 11, 2023

Timothy Mousseau

Abstract

Nuclear energy and its derivatives have long been the subject of
considerable debate. Tritium, or H3, the lightest of all radionuclides, is
usually the single largest radioactive substance emitted as a part of
normal nuclear power plant operations. Because H3 is a low energy beta

emitter it is often discounted as a Fhreat to biological systvems. Given the Mousseau, Timothy and Todd, Sarah A., Biological Consequences of Exposure
planned release of 1.3M tons of tritiated water to the Pacific Ocean at the to Radioactive Hydrogen (Tritium): A Comprehensive Survey of the Literature
Fukushima Daichi Nuclear Power Plant, there is great interest (April 11, 2023). Available at SSRN: https://ssrn.com/abstract=4416674 or
concerning what is known concerning its effects on biological systems, http://dx.doi.org/10.2139/ssrn.4416674

including humans.
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Table 2: Publi reporting effects of tritium exposure. Links to a copy of original source paper can be found in Suplementary Materials Table S2 (Genetic Effects).
Effect Type Organism(s) Studied Reference

Genetic, DNA damage,
Genotoxicity, chromosomal
aberrations

Invertebrates, fish

Adam-Guillermin, C., Pereira, S., Della-Vedova, C., Hinton, T., Garnier-Laplace, J. 2012. Genotoxic and Reprotoxic
Effects of Tritium and External Gamma Irradiation on Aquatic Animals. Reviews of Environmental Contamination and
Toxicology. 220, 67-103

Genetic, epigenetic disturbances

Mammal; primate; human
(Homo sapiens)

Akleyev, A. V. 2016. Normal Tissue Reactions to Chronic Radiation Exposure in Man. Radiation Protection
Dosimetry. 171, 107-116

Genetic, DNA damage, increase of
micro-nuclei and DNA strand
breaks

Fish; Cypriniform; zebrafish
(Danio rerio)

Arcanjo, C., Armant, O., Floriani, M., Cavalie, I., Camilleri, V., Simon, O., Orjollet, D., Adam-Guillermin, C., Gagnaire, B.
2018. Tritiated water exposure disrupts myofibril structure and induces mis-regulation of eye opacity and DNA repair
genes in zebrafish early life stages. Aquatic Toxicology. 200, 114-126

Genetic; DNA damage

Amphibians; Anura; frogs
(Rana pipiens & Rana
septentrionalis)

Audette-Stuart, M., Kim, S. B., McMullin, D., Festarini, A., Yankovich, T. L., Carr, J., Mulpuru, S. 2011. Adaptive
response in frogs chronically exposed to low doses of ionizing radiation in the environment. Journal of Environmental
Radioactivity. 102, 566-573

Genetic, DNA damage,
chromosome aberrations,
dominant lethal mutations, and
reciprocal translocations

Mammal; rodent; mouse & rat;
primate; human (Homo
sapiens)

Balonov, M I., Muksinova, K. N., Mushkachevat, G.S. 1993. Tritium radiobiological effects in mammals: review of
experiments of the last decade in Russia. Health Physics Society. 65, 713-726

Genetic, no genotoxic effect

Mammal; rodent; mouse (Mus
musculus )

Bannister, L., Serran, M., Bertrand, L., Klokov, D., Wyatt, H., Blimkie, M., Gueguen, Y., Priest, N., Jourdain, J. R., Sykes,
P. 2016. Environmentally Relevant Chronic Low-Dose Tritium and Gamma Exposures do not Increase Somatic
Intrachromosomal Recombination in pkZ1 Mouse Spleen. Radiation Research. 186, 539-548

Genetic; no chromosomal
damage

Mammal; Primate; human
(Homo sapiens) & rodent;
mouse (Mus musculus )

Barber, D.E. 1969. Maximum permissible concentrations for tritiated water and tritiated thymidine. American
Industrial Hygiene Association journal. 30, 514-518

Genetic, transmutations

Mammal; rodent; mouse (Mus
musculus )

Bateman, A, Chandley, A. 1962. Mutations induced in the mouse with tritiated thymidine.. Nature. 193, 705-706

Genetic; DNA damage, lysomal
mutations

Fish; Cypriniform; fathead
minnow (Pimephales
promelas)

Beaton, E.D. 2019. Correlated responses for DNA damage, phagocytosis activity and lysosomal function revealed in
a comparison between field and Laboratory studies: Fathead minnow exposed to tritium. Science of the Total
Environment. 662, 990-1002

Genetic, DNA damage

Genetic; chromosomal
aberations/damage, isochromitid
deletion

Mammal; rodent; mouse (Mus
musculus ) & Chinese hamster
(Cricetulus griseus)

Mammal; primate; Human
(Homo sapiens)

Bedford, J. S., Mitchell, J. B., Griggs, H. G., Bender, M. A. 1975. Cell Killing by Gamma Rays and Beta Particles from
Tritiated Water and Incorporated Tritiated Thymidine. Radiation Research. 63, 531-543

Bender, M. A., Gooch, P. C., Prescott, D. M. 1962. aberrations induced in human leukocyte chromosomes by H-
labeled nucleosides.. Cytogenetics. 1, 65-74

Genetic, DNA concentration
depletion/damage

Mammal; rodent; mouse (Mus
musculus )

Bhatia, A. L., Saraswat, A. 1988. Tritium toxicity in postnatally developing brain: effects of single administration on
nucleic acids and protein. Radiotherapy (Strahlentherapie) und Onkologie. 164, 363-367

Genetic, possible genetic effects
in germ cells

Mammal; rodent; mouse (Mus
musculus ) & rat (Rattus)

Bond, V. P. 1970. Evaluation of potential hazards from tritium water. IAEA Symposium, Environmental Aspects of
Nuclear Power Stations. CONF-700810--6, 1-21

Genetic, Transmutation effects,
chromatid and chromosome
aberrations

Mammal; primate; human
(Homo sapiens) & rodent;
mouse (Mus musculus) &
Invertebrate; insect; fly
(Drosophila)

Bond, V. P., Feinendegen, L. E. 1966. Intranuclear thymidine: dosimetric, radiobiological and radiation protection
aspects.. Health Physics. 12, 1007-1020
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Table 3: Effects of tritium on cancer expression. Links to the original source are provided in Table SM1.

Experimental /

Effect Type Organism Review Reference
Cancer, malignant tumors Mammal; rodent; mouse (Mus musculus) Experimental Baserga, R., et al. 1962
Tumorigenesis Mammal; rodent; mouse (Mus musculus) Experimental Baserga, R. et al. 1966

Cancer, tumorgenisis, lymphocytic thymoma, ovarian

arrhenoblastomas, mammary stromal tumors Mammal; rodent; rat (Rattus ) Experimental Cahill, D.F., Yuile, C.L. 1970
Cancer, tumorigenisis, cancer, mammary tumors Mammal; rodent; rat (Rattus ) Experimental Gragtmans, N. J., et al. 1984
Cancer, no effect Mammal; rodent; mouse (Mus musculus) Experimental Johnson, H.A., Cronkite, E.P 1967

Cancer, leukemia induction

Mammal; rodent; mouse (Mus musculus)

Experimental

Johnson, J. R., et al. 1995

Cancer, increased malignant neoplasms

Mammal; rodent; mouse (Mus musculus)

Experimental

Kirillova, E. N., et al. 1990

Cancer, tumorigenisis, thymic lymphoma, non-thymic
disseminated lymphoma, salivary gland tumour,
carcinoma of the skin, carcinoma of the lung;
carcinoma of the liver (hepatocellular)

Mammal; rodent; mouse (Mus musculus)

Experimental

Lisco, H.,et al. 1961

Cancer, leukoses and hemoblastosis

Mammal; rodent; rat (Rattus norvegicus )

Experimental

Muksinova, K. N., et al. 1990

Cancer, no effect, adaptive responses

Mammal; rodent; mouse (Mus musculus)

Experimental

Nowosielska, E. M., et al. 2018

Cancer, malignant tumors and leukoses

Mammal; rodent; rat (Rattus )

Experimental

Revina, V. S., et al. 1984

Cancer, tumor induction, solid tumors in a variety of
tissues, induction of malignant T-cell lymphomas,

Mammal; rodent; mouse (Mus musculus)

Experimental

Seyama, T., et al. 1991

Cancer, no findings of increased risk of cancer
associated with tritium exposure

Mammal; primate; Human (Homo sapiens)

Experimental

Wanigaratne, S., et al. 2013

Cancer, liver tumors in male mice, ovarian tumors

Mammal; rodent; mouse (Mus musculus)

Mammal; rodent; mouse & rat; primate;

Experimental

Yin, H., et al. 2002

Cancer, malignant tumors human (Homo sapiens) Review paper Balonov, M I., et al. 1993

cancer; Mammal; rodent; mouse (Mus musculus) Review paper Bond, V. P., Feinendegen, L. E. 1966

Cancer, myeloid leukaemia, various forms of cancer, Mammal; primate; Human (Homo sapiens ) &

leukaemia in rats, mammary tumours in rats Rodent; mouse (Mus musculus ), Rat (Rattus) Review paper Bridges, B.A., et al. 2007

Cancer, carcinogenicity, tumoregenesis, myeloid Mammal; primate; human (Homo sapiens ) &

leukaemia rodent; mouse (Mus musculus) Review paper Canadian Nuclear Safety Commision 2010
Mammal; primate; human (Homo sapiens ) &

Cancer, induction of malignant tumors rodent; mouse (Mus musculus) Review paper Cronkite, E.P., et al. 1962
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iccordance with in
being c by YEPCO

> Assessmem md-ﬁted that mmwm:g

per nstraint for discharge of ALP
and the values ified by i C ission on
ion (ICRP) f 3

liological P

i Results of the assessment on animals and
Results of the assessment on the public
found that the exposure dose was approx. m"::p(g:g;':hdgs':::s“) found "‘“

mmmmmmu
defined by the ICRP* and
results of the assessment on crab found that

Hintemational Commsion on Radiological Protecton
Amount of radiation (msv)

Animals and
plants

Results of this
assessment

0.00002
~0.000002

mSv* /year

Results of this

assessment

0.000001
~0.0000004
mGy* /day

exposure
(average in Japan /
rson;
P2 msv/year
(Brestdonn)
spac

Inhaled radon etc. Approx. 048
Ingested from food ~ Approx 0.99

Dose limit for the general public
1 mSv/year

Flying between Tokyo and New York
0.1 (round trip)

Sievert (Sv)
pprox. 0.11~0.16 mSv axpressing the impact of
[ X L — oou constraint for the discharge of ALPS treated [*%tion on the human
apwol.lios"'ﬁ”y.u * Gray (Gy) is a unit
0.01 —— the of
T e
—4
0.000001

Source National Institute of Radiclogical Sciences

Methods of the assessment

» The assessment was conducted in accordance with the International Atomic
Energy Agency (IAEA) Safety Standard documents and ICRP recommendations.
Impact assessment on the public

Ingestion of 5"""‘"‘:"“ and Ship (on the ship) /
seafood PR e A Working with fishing nets
(on the ship and on land)

Spends 2,880 hours (120
days) on a ship at sea, of
which 1,920 hours (80 days)
are spent working near fishing
nets.

97 n

39 12 10
5¢ieh inchudes processed products. vertebrames Inchude squid, octops, shrim, crab, sheffeh, e0c

Impact assessment on animals and plants

Radioactive

(Reference) Flmfun Floul

widely inh: the surrounding sea area, and are important fish for the local fishery industry
‘Many types of crabs (e.3. portunus Iituberculetus, Ovekpes punciaus) widely Inhalit the surmounding see
Brown seaweed : Many types of sesweed Inchuding gulfweed and ses oak widely Inhabit the SuToUNding ses ares
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-

High levels of

radioacive cesium-137
released in the 2011 accident
‘weere wansported along the

‘coast by ocean cusrents.
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0 the surfaces of sand grars

and enered brackish water
‘beaches.
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Fig. 1. Estimated distribution of fuel debris in 1F2 ( duced from Ref. Y. hita, et al., 2020).

BWR lower head penetration failure test focusing on eutectic melting
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Water levelinside Containment [§
dropped down to 1.5m soon
after 2/13/2021 earthquake.

i Injected cooling water tums to
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through various boundaries.

2022/03713
21:19 3¢

+ #of Spent Fuel Assemblies

+ Volume of Contaminated Water




Fukushima Daiichi Decommissioning
Time for a new long term strategic
plan

Decommissioning of
the Fukushima Daiichi Nuclear Power Station

Satoshi Sato

Former nuclear engineer, General Electric

March 2021
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> “Health Effect of Tritium”(Rosalie Bertell, report to the Canadian Nuclear
Safety Commission, December1,2006)

> “Molecular dynamics study on DNA damage by tritium disintegration” (Hiroaki
Nakamura et.al 2020, Japanese Journal of Applied Physics)

» “Distribution of tritium in estuarine waters: the role of organic matter” Turner A.Millword
G.E, Stemp M; Journal of Environmental Radioactivity, 100(10), Oct.2009,
pp.890-895

> "Bioaccumulation of tritiated water in phytoplankton and trophic transfer of
organically bound tritium to the blue mussel, Mytilus edulis”

> “A hypothesis to explain childhood cancers near nuclear power plants” (lan
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