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English Translation of Material Used at "Meeting to Answer Questions on Radiation
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English translation of the material used at "Meeting to Answer Questions on
Radiation" was made. "Meeting to Answer Questions on Radiation" was planned, just after
the TEPCO Fukushima Daiichi Nuclear Power Plant Accident, by Japan Atomic Energy
Agency (JAEA) with the purpose of providing comprehensive knowledge of radiation to
the public. A total of 220 meetings was carried out from July, 2011 to February, 2013
mainly in Fukushima prefecture. Since the material used in the meetings contains many
charts and is easy to understand, it has drawn attention of the International Atomic
Energy Agency (IAEA) who has in recent years actively supported outreach activities to
disseminate knowledge on nuclear and radiation. At one of the IAEA meetings in May,
2017, Asian Network for Education in Nuclear Technology (ANENT), it was requested to
make it for the usage of all. Providing IAEA and the member states with the English
translation of the material will be a meaningful contribution sharing the outreach activity

experiences in Japan.

Keywords: Outreach, Radiation, Science, Radiation Effect on Human Body, Basics of
Radiation, Public Understanding, TEPCO’s Fukushima Dai Ichi Accident
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3. [HEHBCBET 5 ZTEMICEX =) FER

Answering Questions on
Radiation

Japan Atomic Energy Agency

(@) QOutline

W Radiation, Radioactivity, Half-life period
® Natural radiation, etc.

m External Exposure, Internal Exposure, Risk of
cancer

W The legal limit of radioactive materials in food,
Movement of radioactive materials to foods
(vegetable, fish and meat) and drinks (well water
and tap water)
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@Y Radiation and Radioactivity

Radioactivity is the ability to emit radiation.

If you image

Radioactive Material
adloactive Materials sparkling firework!

Radiation can be

explained in the same way
/ \ JE— —
\ Radiation ~ ~

/
Coal
Radiation comes from radioactive Spark
materials Sparks come from the coal

Radioactive materials are materials which emitradiation. There are many naturally
occurring radioactive materials. The unit is Bq. One Bq means ‘a nucleus decays per
second by emitting radiation’.

@Y Half-Life of Radioactivity

Radioactivity decreases with time.

Initial radioactivity level

1

& | A Similarto fireworks ...
= ~= gradually less release of sparks

67 % Nuclide Half-Life
A lodine -131 8 days
Cesium-134 2 years

Intensity of radioactivity
supposing the initial radioactivity is 1

112 Cesium-137 | 30 years
Half-life Q L
1/4 7 }7
Half-life |\
178 Half-life ‘1
116 . Halfiife”)
Time >
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@ Units of Radiation and Radioactivity

Sievert is a unit of radiation effect on human body.

Radioactivity
Radioactive intensity ( Decays /s )

(The number of atoms decay per second)
Unit: Becquerel(Bq)

— Compared to Boxing —

The Number of

Absorbed Dose RGNS
Radiation energy absorbed in body

Unit: Gray (Gy

Equivalent Dose
The radiation effect on the body

Unit: Sievert(Sv) g -
Size of Damage (injury) % 1mSv = 1000uSv

(@) Natural radiation around us

We are exposed to radiation
from the natural environment.

Fromair {
e.g.radon

From outer space
e.g.cosmicrays

Natural
Radiation

.
% e
e.g. uranium e.g. potassium -

Fromthe ground Fromfood
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@ Daily exposure in the world & Japan

World average
B Radon-Tron

Spacq Medical m Food
0.39 Ground exposure
048 06 B Space

B Ground
B Medical exposure

Radon* Tron
1.26 Food
0.29

Japan average

Space

Food 0.3 ancl Medical exposure 3.87
0.99

0.33

0 2 Radiation dose (msv) 4 6

Source: Unified Basic Data on Radiation Effects on Human Body (Ministry of the Environment, 2016)
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), “Report 2008”
Nuclear Safety Research Association ' New living environment radiation’,2011

@ Annual Exposure to Natural Radiation in the World

| Nano gray/hour (mSV/year) I

Germany on
ina
Ireland SIanrnark 20 69.9(0.4)
sabal Q2 Romania ' N
1 Canada
Spain . . Sl Yangjiang, China 24(0.1)
50.4(0 370(2 3)
A( ' India

Japan
. 50. 9(0 3)

41. 5(0 3)

Philippines
24(0.1 )

Orvieto, ltal
560(3.4)
Ramsar,Iran

765(4.7)

Kerala Madras, India
1500(9.2)

Source : Unified Basic Data on Radiation Effects on Human Body (Ministry of the Environment, 2016)
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), “Report 2008”
Nuclear Safety Research Association ' New living environment radiation' ,2011
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(@ The Amount of Radiation Received Per Year

Exposure to natural radiation is 2.4mSv/year (the world average).

VN
||/ /‘_\\l CT scan
"__:\H\ A ==

< World >

—_ S

N

Outer Space

0.39
Annual
Ground Dose
0.48 2.4

Food
0.29

6.9 mSv/ time

- X-ra
g ﬁ y

o [k ‘.:—_-I‘\m

0.05 mSv / time

0.2 mSv/ time

Source: Graphical Filp-chart of Nuclear & Energy Related Topics 2016
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), “Report 2008”

@ Radioactive Materials Contained in Foods

Natural radioactive materials are contained in
various foods (Bqg/kg).

Unit(Bg/kg)

Spinach 200

Beer 10

Dried Kelp 2,000

- 1 &S

Soft Seaweed 200 Milk 50 Bread 30

Dried Mushroom 700
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@ Radioactive Materials in Human Body

About 7,000Bq of radioactive materials are contained
in @ human body with weight of 60kg.

D

©

Function of potassium is to reduce a
salt concentration,

It controls the increase of blood
pressure and keeps healthy conditionin

our body.
/
Potassium is mainly Potassium-40 4,000 D
distributed in muscles, so Carbon-14 2,500 Bq
generally men have more Rubidium-87 . 200 Bq
potassium than women Lead-210 & Polonium-210 20 Bq
(for a Japanese with average weighting 60 kg)

Source: Graphical Filp-chart of Nuclear & Energy Related Topics 2016

(@ Kinds of Radiation and their properties

Charged
Particle
beam

particle beam
20
Electromagneti
c waves

——— Alpha (a)-rays, Beta (B)-rays

N
Uncharged | Neutron-rays
particle beam

lonizing
radiation

Gamma (y)-rays, X-rays

Water

Lead mass
or other metal or thick iron plate or concrete
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@ What will happen if radiation goes through your body?

DNA (deoxyribonucleic acid) in human body cells
might be damaged.
Exposure to radiation

Radiatio
"a

DNA
Radiation

damages DNA

DNA damage occurs in a cell due to radiation exposure

DNA s constantly damaged by external factors such as
radiation and ultraviolet rays, as well as by internal
Most of the cells are repaired and recover factors suchas active oxygen generated in the process
normal function. of metabolism of cells, and cutting of double-stranded
DNA associated with cell division.

Some cells cannot be repaired.

Deterministic Effect Stochastic Effect

Cells die and are replaced with Cells with unlethal DNA damage
healthy cells. (Mutation)
When many cells are killed, *When it occurs in ordinary cells,
it appears as "deterministic effect”. "cancer" develops.

*When it occurs in germ cells,
it can appearas "genetic effect".

reference ! Q & A on the health effects of foods containing radioactive substances (Food Safety Commission)
http://www.isc.go.jp/sonota/emerg /radio_hyoka_ga.pdf

_10_
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(@) Effect of radiation on human body

| Acute effect
(Erythma, Sterility, etc.)
~ | Deterministic

k— Effect
(Have threshold)

-,
/ A

Somatic | Delay in fetal development
Effect ‘ (Mental/Growth retardation)

Effectappearing in J j )
thepersonexposed | | ) ~te effect (Cataract) P

4‘ (Cancer - leukemia) | Stochastic

' Y 'd Y Effect
Hereditary Genetic disorder ‘ (Assuming no
Effect (Birth defect) | threshold)

Effect appearingin descendants,

notin the person exposed
Source: Graphical Filp-chart of Nuclear & Energy Related Topics 2016

@ Deterministic and Stochastic Effect

Deterministic Effect : Thereis a threshold value.
The effect appears over the threshold value

Stochastic Effect . Thereis no thresholdvalue. The frequency
increases with increase of radiation dose.

Threshold value
It is assumed that the

& | effectdepend on
c radiation dose.
No %
o
effect @
L

Frequency

It is assumed that there is
no threshold dose.

Dose Dose

Deterministic Effect Stochastic Effect

Source : Unified Basic Data on Radiation Effects on Human Body (Ministry of the Environment, 2016)

,11,
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@) Radiation dose and its effect on human body

When given in single exposure of ... we will have ...

| Part of body exposed

Partial exposure

‘ Skin ]Acuteulcer f

g ¥ —d over1 0,000
Skin Erythema

Lens Cataract

Whole body exposure

| Whole body [ Al people die

Gonad | Permanent infertility |

]

Lens Turbidity

500

Whole body | Nausea, Vomiting(10% of people ) |

v Whole body | Reduction of lymphocytes in peripheral blood l

| Whole body | Clinical symptoms are not confirmed |

(mSv)

Source: Graphical Filp-chart of Nuclear & Energy Related Topics 2016

@ Future effect due to radiation exposure

Statistically, effect of radiation lower than 100 mSyv is not
evident for incidence of cancer, leukemia, etc.

Epidemiological Research on Effects of Radiation

People Residents of

exposed to high-level-
_ radiation by natural radiation
Atomic-bomb the Chernobyl area in Brazil,
survivors in accident China
Hiroshima and Workers in
Nuclear

Nagasaki

Power Plants

Health survey

The basic principle of radiation protection is to reasonably avoid
radiation exposure as much as possible.

Create processingto : Onthe health effects of low dose radiation {Nuclear Safety Commission, Revised May 26, 2011)
http://warp.da.ndl.go.jo/info:ndljp/pid/2899572/www.nsc.go. jp/info/20110526.html

,12,
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@

What happens when the dose is over 100 mSv?

Mortality rate from cancer increases.

0.5%7?

30% -

Cancer due E
to personal

The causes of individual
cancers have not been
identified.

Itis thought that the
causes are meal, smoking,:

virus, bacteriaand so on. !

Percentage of people dying of cancer

lifestyles etc. § Other
causes

1%

Increase in déath from

cancer caused by radiation
(Estimated value

in the ICRP 2007

recommendation)

Meal

-
AN

smoking

a8 1.5%

Source : Unifietf Basic
Data on Radiatign Effects
on Human BodyE
(Ministry of the |
Environment, 2(1:16)

0% ‘
0 100

Cumulative radiation dose (mSv)

200

300

@ Cancer risks for various lifestyle

Short-term exposure to whole-body (1,000-2,000mSv)

1.80 times (80% increase)

Smoker, Drinking more than 0.54 liter alcohol daily

1.60 times (60% increase)

Short-term exposure to whole-body (500-1,000mSv)
Smoking, Daily intake of alcohol more than 0.36 liter

1.40 times (40% increase)

Too skinny

1.29 times (29% increase)

Obesity

1.22 times(22% increase)

Short-term exposure to whole-body (200-500mSv)

1.19 times(19% increase)

Lack of exercise

1.15-1.19 times (15%-19% increase)

Overdose of salt

1.11-1.15 times (11%-15% increase)

Short-term exposure to whole-body (100-200mSv)

1.08 times (8% increase)

Inadequate vegetable intake

1.06 times (6% increase)

Passive smoking

1.02-1.03 times (2%-3% increase)

Cancer is also caused by various factors apart from radiation

Create processingto : National Cancer Center HP ‘Easy to Understand Risk of Radiation and Cancer’ Revised July, 2014

https://www.ncc.go.jp/jp/other/shinsai/higashinihon/cancer_risk.pdf

,13,
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@_ External & Internal Exposure

There are two types of exposures.

Breathing

Radioactive
/ Materials
.:_ Eatlng . Wound
[ f.“:”

External Exposure Internal Exposure
Exposure to radiation from Exposure to radiation from
radioactive materials existing outside radioactive materials existing inside
the body the body

4 Wearing masks and clothes cannot prevent external exposure.
4 Each radionuclide moves differently in our body
(lodine131 accumulates in thyroid)

@) How to reduce radiation exposure

There are three principles to prevent radiation exposure.
Distance, Time, and Shielding.

Keep away from radiation sources
Shorten the time of exposure

Use shielding that can stop radiation

CHCHCNG)

Reduce the amount of radioactive materials

taken into the body

,14,
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(@) Dose limit of radiation exposure

Dose limit at the time of accident (emergency) differs
from that of normal condition.

It does not mean that 20 mSv 100 (msv)

is acceptable in all conditions. radiologica
it i E Period
Although it is not easy, mergency Perio

we will aim to reduce the
dose limit to 1 mSv by various

countermeasures. 3.8 pSv per hour 20
. ' B Recovery period
1 mSv is not a boundary after accident
convergence

between safety and danger.

Create processingto : Unified Basic Data on Radiation Effects on Normal condition
Human Body (Ministry of the Environment, 2016) P . .
Recommendation of International Radiation Protection (ICRP) ,2007 Dose limit guidelines (ICRP)

@ Concept of dose standards for radiation protection

After the accident convergence, the upper limitis 20 mSv per year.

Normal After accident
condition
1T (a) Justafter accident occurrence
A limit to avoid large exposures Source: Graphical Filp-
v Indoor evacuation: 10mSv Eha” Oflguldte?jr'f ]
o] Evacuation: 50mSv nergy elaled lopics
= 1 2016
c
0 . N .
'g (b} Limit for Emergency Period
= (Accident continuation etc.)
g 20-100mSv [ year
7 (c) Limit after accident convergence
I : exposure from contamination
. 1-20mSv [ year
Normal condition: g
1mSv [ year /
Long-term goal:
\/ 1mSv [ year

Accident Accident Number of days elapsed
occurrence convergence

,15,
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@ Radioactive Materials Released from TEPCO
Fukushima Dai-ichi NPS

Radioactive materials disperse by wind and affect
human body via various pathways.

Wind Materials |,4ine / Cesium

Direction

", o, Exposure to radiation from
* *- » . . .
RO radioactive materials

Inhalation of
radioactive materials

TEPCO
Fukushima
Dai-ichi

Now, the radioactive materials are not dispersed in the air.

@ What happens to the radioactive material taken in
to the body

Most radioactive materials are excreted from the body.

When radioactive materials are taken into the body, most of them
are excreted by biological processes (metabolism).

. Physical : : 1 _
Nuclide Half-life Biological Half-life Accumulation
Infant 11 days
Iodoine-131| 8days |5yearsolds 23days Thyroid
Adult 80 days
1 yearsold 9 days
_— Approx. |9 yearsold 38 days
Cesuim-137 30 years |30 yearsold 70 days Muscle
50 years old 90 days

Children having a high metabolic rate compared to adults, radioactive

materials are excreted in shorter period.
Create processing to : : Food Safety Commission of Cabinet Office, January 2012

[http:/fwww.fsc.go.jp/sonota/emerg /radio_hyoka_kaisetu.pdf)

,16,
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@ What happens to the amount of radioactive material
after entering the body through eating and drinking

Radiation decreases with time

500 [
.
M The graph shows the residual amount of cesiumin a
400 % body whena 5 years old child took 1kg of vegetable
= A containing 500Bq of radioactive cesium.
z R
§ R
*
£ Y % The calculation was performed
% 200 _____________'3* _______________ considering the physical half-life and
° ~, the biological half-life of radioactive
g cesium
100 . T T |
0 1 1
0 20 100 Days 150

Radioactivity in the body after intake

@ Calculation of internal exposure dose

Internal exposure dose when vegetables containing 100Bqg/kg of
cesium 137 are taken into the body (Adult).

When you eat 1 kg of vegetables containing 100 Bqg/kg of cesium-137---

=1.3uSv(0.0013mSv)
If you keep eating them for 1 month (30 days)- - -

=39uSv(0.039mSv)

[formula)
Amount of radiation received (pusv) =
Effective dose coefficient (uSv/Bg) *x Radioactivity concentration(Bg/kg) * Amount of foods and

drinks (kg)
Amount of radiation received (uSv/Bq)
Lodine-131 Cesium-137
oo 0.18 0.021
One year old child 0.18 0.012
Five years old child 0.10 0.0096
Adult 0.022 | 0.013 |

Source : Unified Basic Data on Radiation Effects on Human Body (Ministry of the Environment), 2016
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@ Dose assessment of internal exposure dose
(accumulated dose)
Evaluation of total exposure dose while radioactive
material is present in the body.

ional Committee of

: ction (ICRP) declares
that the accumulated dose is
calculated considering the time;
from ingestion till the age of 70.

o

Lo

Radiation dose

Accumulated dose
EEEREEEE)CE

EEEEE
EEEEEEEEEEE. -

Time(years)

3
-t
&

@ Limit of intake on radioactive materials in food

Present limit of intake on radioactive materials
in food is 1mSv per year.

Cesium provisional regulation The current reference value of

valuess 1 radioactive cesium 2
Regulation Regulation
Drinking water Drinking water
Milk - Dairy products 200 Milk - Dairy products 50
Vegetables Vegetables
100
Cereals 500 Cereals
Meat - Egg - Fish - Other Meat - Egg - Fish - Other 50
#1 Specified values are set including radioactive strontium #2 Specified values are set including radioactive strontium
and plutonium, etc.
D 5mSv / year T D 1mSv / year T

Create processing to : Unified Basic Data on Radiation Effects on Human Body (Ministry of the Environment, 2016)
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(@) Conclusion

W We are exposed to natural radiation of 2.4 mSv
per year (world average).

® The radiological effect on incidence of cancer,
leukemia, etc. has not been statistically positive for
radiation doses less than 100 mSv.

® There are various risk factors of cancer.
cf. Habits such as smoking have higher risk of cancer.

W Please pay attention to the new information on
radiation.

@) Answering Questions on Radiation

FOR WHO?

@ for parents and teachers of elementary and junior high schools,
kindergartens, etc. in Fukushima.

FOR WHAT?

@ to deepen the scientific understanding of radiation.

€ to remove unnecessary anxieties as much as possible.

HOW MANY TIMES TO HOW MANY PEOPLE?

@ held 220 times and about 17,200 people participated by the
end of February 2013.

HOW TO DO?

€ A team of 4 members from JAEA to attend the meeting.

@ After a brief explanation on the basics of radiation, the team
answered all the questions from participants.

& The team was careful notto make it a one-way communication.
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