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The Japanese government gave an estimation that the release of

treated water from destroyed Fukushima nuclear power plant into
the sea would be around this spring or summer.

Cited from NHK NEWS WEB (https://www3.nhk.or jp/news/)



SN ALPS Treated Water G-3

Progress for

RIS S — Purification of Contaminated Water —

B Contaminated water with radioactive materials is being generated after the accident at TEPCO's Fukushima Daiichi
NPS. "ALPS treated water" refers to the water that has been treated by the Advanced Liquid Processing System (ALPS)

and other equipment and has been purified to a level where contained radioactive materials, except for tritium,
satisfy the regulatory standards for discharge into the environment.

Freshwater obtained through desalination is used as coolant.
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{Source) Prepared based on "Fukushima Daiichi Nuclear Power Station: Contaminated water management: What is 'slurry'? Why is it generated? How is it stored?" by the Agency for SR
Natural Resources and Energy (https://www.enecho.meti.go.jp/en/category/special/article/detail_157.html)

Ministry of Economy Trade and Industry

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Efforts and ) L G-4
gLl Nuclides Other than Tritium

Decommissioning

B Contaminated water generated at TEPCO's Fukushima Daiichi NPS not only contains tritium
but also contains Cesium 137, Strontium 90 and other radioactive materials which are
seldom detected in water discharged from ordinary nuclear power stations.

B Out of those radioactive materials, 62 types of nuclides that are likely to be contained in
the contaminated water at certain levels in consideration of regulatory standards
respectively set for those types of nuclides are purified by the use of the Advanced Liquid
Processing System (ALPS) and other equipment to the extent that their concentrations
become below those regulatory standards.

— Nucli
ﬂ Cesium 137 ue I.des to. be
purified using

e Cesium 134 ALPS (62 types) e Carbon 14

e Strontium 90 Mai . _ Other
. Cobalt 60 ajor seven

o . nuclides
* Antimony 125 types

e Ruthenium 106
* |odine 129

_ 55 types

O Technetium 99 /

(Source) Prepared based on "Advanced Liquid Processing System (ALPS)" (https://www.tepco.co.jp/nu/fukushima-np/f1/genkyo/fp_cc/fp_alps/) (in Japanese) and y 4 T
"Performance test regarding secondary treatment of ALPS treated water," etc. by Tokyo Electric Power Company Holdings ’,‘ T s iy

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation




G-5

FUFILIREDIL

60,000 Comparison of Tritium Concentrations
ATLIVIL Bg/L

Less than

10,000 1500 Bq/L
~ZLL/L Ball 1'500

N7 LII/LEH
E D WHO ALPSALIE K %
TR ARl BLAE BIKBH T AFEDRE
Japan’s safety WHO'’s drinking The concentration of ALPS-treated
standards water standard water when it is released into the sea

Cited from METI website (https://www.meti.go.jp/earthquake/nuclear/hairo_osensui/shirou_alps.html)
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Radiation

el Characteristics of Tritium

Tritium is a radioisotope of hydrogen, called "hydrogen-3."

[Structure of water molecules])
Ordinary hydrogen

(light hydrogen) “\ ,,’ Tritium (hydrogen-3)

¥
Neutron
Proton Neutron
Water molecule solely Water molecule consisting of
consisting of ordinary hydrogen ordinary hydrogen and tritium

H,O HTO  Physical half-ife: 12.3 year

E, o 5.7 keV
E, ..:18.6keV

Source: Prepared based on the "Important Stories on Decommissioning 2018" by the Agency for Natural Resources and Energy, METI,
the "Tritiated Water Task Force Report" by the Tritiated Water Task Force (2016),
and the "Scientific Characteristics of Tritium (draft)" by the Subcommittee on Handling of the ALPS Treated Water

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
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Radiation

Amount of Tritium Existing in Nature

around Us

Amount of tritium
produced annually by
cosmic rays

Total amount existing in
nature

7 x 10'¢ Bq Released from nuclear
testing* (1-1.3) x1018 Bq
Produced from nitrogen or oxygen (1.8-2.4) x102° Bq

14N + neutron — 3H + 12C
180 + neutron — 3H + 19N
(3H : tritium)

* The amount at the time of release from
nuclear testing

The amount of tritium has currently been
reduced according to the half-life.

S - S5
— N 1’??!:.

P Produced in the earth’s crust
6Li + neutron — 3H + He Annual amount of tritium released from
238 + neutron --> °H + others nuclear facilities, etc.
2 x 10'¢ Bq (worldwide)

Amount of tritium in the Produced by cosmic Total amount existing in nature
precipitation all over Japan rays, etc. (1-1.3) x 108 Bq
About 223 x 102 Bg/year About 7 x 1016 Bqgl/year (Reference)

1012 =1 trillion
l l l 1016 = 10 quadirillion

1012 1013 1014 ; 015 1016 1017 1018 1019 1020 1021

.. | T ]‘ (Bal
Total amount discharged from nuclear
power stations all over Japan La Hague (France) Reprocessing Originating from nuclear
(Average annual amount discharged into the Facility (2015) testing (1945-63)
ocean during five years before the accident) About 1.4 x 10" Bg/year (1.8 -2.4) x 1020 Bq

About 380 x 10'2 Bg/year

(Source of the upper illustration: "Tritium Research Society”" 2014 by

Amount of tritium currently stored in tanks Atomic Energy Society of Japan. Sources of the lower illustration:
within the premises of Tokyo Electric Power Explanatory materials for the explanation meeting/public hearing by
Company s1fukush|ma Daiichi NPS the sub-committee on handling of Advanced Liquid Processing

About 860 x 10" Bq (as of October 31, 2019) System (ALPS) treated water, and the UNSCEAR 2016 Report)

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Changes in Tritium in Radioactive Fallout
auCES over Time G-8

Nuclear weapon tests
(1950-1963)
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Source: UNSCEAR 2016 Report, Annex C-Biological effects of selected internal emitters-Tritium
Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Types of lonizing Radiation

LG CEIEWEGE Radiation that causes ionization |
Particle beams

3; a-particles (helium nuclei ejected from a
nucleus)

Protons B-particles (electrons ejected from a
nucleus)
Neutrons .
Neutron beams (produced in nuclear

reactors, accelerators, etc.)
Electrons

Proton beams (produced in accelerators,
etc.)

X-rays (generated outside a nucleus)

y-rays (emitted from a nucleus)

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Penetrating Power of Radiation ©

Thin _
sheet of  Thick

Paper of lead
P such as Water or concrete

aluminum ©oriron

~ N\
a-particles @_;

B-particles o -

However, when you want to
block B-particles, you should
use a plastic sheet or an

B-particles aluminum plate.
emitted from You should not use a lead
tritium ’ < plate as the first shielding

material against B-particles.

V-rays ANV

Neutrons o -:

Cited from METI ANRE website (https://www.enecho.meti.go jp)



Internal and External Exposure &1

External exposure
A\ Internal exposure A

: Job, Body surface
rom outer space <) o
- contamination
and the sun
Inhalation
Suspended —p
matters Food and drink
ey consumption
From a radiation
generator %
Radio- ‘|
A pharmaceuticals
Buildings
Greting ® Receive radiation from within of
iv iati withi
® Receive radiation from outside of the body
' J\ thebody y
The body is equally exposed to radiation in both cases. E*! ;aa‘ifr?;ts“’e

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
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Exposure

ssi External Exposure and Skin

Skin structure
Part highly sensitive . ppartice
y-rays B-particles a-particle to radiation v a-particle
Outside
the body
Skin
Within 55 3
the body 20 comeum | Epidermis
L/w\ B asal 0.2mm
1 cells
Affected part .
Dermis
Subcutaneous
structure

‘ J

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Internal Exposure e5

4 )
(i) Ingestion

From the mouth (swallowing)
Absorption through the digestive Inhalation or ingestion Radioactive materials )
tract - within the body decay

(ii) Inhalation 'l Nose as they emit radiation
Incorporation from the respiratory b within the body.
airways Mouth —\l Thyroid

Absorption from the lungs and the
surface of the airways

From 2
(iii) Percutaneous absorption the skin BB oA Lungs . .
Absorption from the skin N | s & Radiopharmaceuticals
(iv) Wound contamination
Contamination from a wound Wound ol They may
ke of A w> accumulate in some
) LS E X specific organs.

radiopharmaceuticals
Injection, oral administration (= (i))

Inhalation of gas (= (ii)) |
\_ 4 /

Radioactive material

They are gradually excreted
in the urine and feces.
v,

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
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Internal Exposure and Radioactive Materials

The characteristics of radioactive materials that especially cause

problems in internal exposure

(i) oa-emitters > B-emitters or y-emitters

(ii) Materials that enter easily but are difficult

to excrete
(iii) Materials that are likely to accumulate in .
specific organs —
o v

=—+

1

Te Tp Tb /{ &
Radioactive materials o

Te

Tp

. Effective half-life
: Physical half-life
T, : Biological half-life

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
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Metabolism of Tritiated Water in the Human Body

Inhalation

Absorption

Ingestion

50

Tritiated Water
(HTO)

Tritiated Water

(HTO)
Biological Half-Life

® 10 days
'94 ~ 95% .

Urine (55%)

Feces (4%)

Expired Air
(12%)

other (29%)

Biological Half-Life
® Short-Term Components: 40 days
® Long-Term Components: 1 year
Organically
Bound Tritium
(OBT)
H. Matsumoto et al, J Radiat Res., 2021
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DNA->Cells>Human Body €

Damage
(chemical change)

Repair enzyme DNA

Incomplete repair Repair failed Repair succeeded

0 Mutation Cell death or cell No hazard

degeneration

Possibility of causing cancer

Possibility of causing acute
and hereditary effects

effects and fetal effects

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
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Comparison of Exposure Doses per Year

Natural radiation

Global avg. IABDD
B AR % CT scan
I 32 Y CTiRZE
BEESER 2.4~12.9mSv
2 1 . From foods
« Lmsv o BB D BRI GE%
(BAF194ER9)
Japanese avg. 0.99mSvigHE
0.1 V. BR~=a2—3— 2
Y 20 [ . 0.11~0.16mS
ALPSHIRK % B3 o L 7 ToRro To omSy } Z

IBE0 1 FHOBHREE 0.01 e DLV R

0.00003mSv Dental X-ray scan

Exposure dose when the ALPS-treated water is released into the sea
HE A IFRMREEABRFRERFTHAMREBEAHBESRSHRAAOEE MMETMHRICLIIRETEFICHISH—

MLGEREH (SM2FER)  B2ERRRICEIBIFE<EDCICHBEIRILE —FICTIER

mSv==1)o—AxXJ Bk

Cited from METI website (https://www.meti.go.jp/earthquake/nuclear/hairo_osensui/shirou_alps.html)



Breakdown of Natural Exposure Doses G-18

(Japanese)

Type of exposure Breakdown of radiation sources Ei;f::st‘i,\/lseo;?;e
SiErrE Cosmic rays 0.3
SpeslLits Ground radiation 0.33

Radon-222 (indoors and outdoors) 0.37

Internal exposure Radon-220 (thoron) (indoors and outdoors) 0.09

(inhalation) Smoking (Lead-210, Polonium-210, etc.) 0.01
Others (uranium, etc.) 0.006
Mainly Lead-210 and Polonium-210 0.80
Internal exposure 17itium 0.0000082
(ingestion) Carbon-14 0.01
Potassium-40 0.18
Total 2.1

Source: Prepared based on "Environmental Radiation in Daily Life (2011)," Nuclear Safety Research Association

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Tritium Exposure Accidents ™

2 watch factories in Europe in the 1960s

* A factory worker ingested tritium over 7.4 years.
Exposure dose was estimated at 3-6 Sv.
— Developed isochromic anemia, and subsequently died of

pancytopenia.

* A factory worker ingested tritium over 3 years.
Exposure dose was estimated at 10-20 Sv.
— Died of pancytopenia after following a similar disease as the

same as above - o
Tritium radioluminescence
FUFOLBENBSAIVER—2aVVART A

%% Emission

vl Glass tube
o=l Fluorescent paint
RSV Tritium

KENTEX JAPAN Co.,

Images are cited from KENTEX websitehttps://WWW.kentex—jp.com)



Radiation

G-20
s Comparison of Exposure Doses (Simplified Chart?

Natural Background Radiation

Artificial Radiation
Radiation exposure in living Environment Ve

--------------------------------------------------------- R e

. Approx 0.3 mSv from space Approx 0.33 mSv from land
Cancer radiotherapy

(Dose only at thetreated region)

Cardiac catheter
(Skin dose)

k\‘ Lens opacity

Depression of
blood-forming process

Approx 0.48 mSv from Radon etc. Approx 0.99 mSv from food/)

Dose limit for nuclear and radiation workers
100 mSv / 5 years

50 mSv / year Natural background radiation

(Annual dose)

CT (Dose per examination) Ramsar / Iran
Kerala, Chennai / India

—

Stomach X ray with Barium
@ (Dose per examination) j
. PET (Dose per examination)

The annual dose limit of radiation for general
public recommended by the ICRP

(Not applicable to post-accident contamination, natural
background radiation, medical exposure of patient)

Natural background radiation per person
Approx 2.1 mSv (Average annual dose in Japan)

S

j' Tokyo-NY (Round trip)
// (Increase in cosmic radiation due to high altitude)

Chest X ray
(Dose per examination)

Dental X ray 4/

(Dose per examination)

Sources:
* The 2008 UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation) Report
+ The 2007 ICRP (International Commission on Radiological Protection) Report
* The exposure guideline of the Japan Association of Radiological Technologists
+ "Life Environmental Radiation (Calculation of the National Dose),” new edition
Prepared by the National Institute of Radiological Sciences based on the sources above (May 2018)

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation

mSv: millisieverts



