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During inspection, two employees at Nippon Steel
Factory may have been exposed to radiation more than
dozens of times the annual limit (50 mSv/y).

The next day, they felt sick and went to see a doctor.
(Cited from NHK website)
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Deterministic

wim Acute Radiation Syndromes

Time when acute radiation syndrome appears
Upon exposure

2

Lapse of time

Prodromal phase Incubation phase ¢ TS Convalescent
- 48 hours 0 - 3 weeks P phase (or death)

Nausea and vomiting
(1 Gy or more) No symptom
Headache(4 Gy or more)

Hematopoietic disorders

(infection, bleeding)

Diarrhea(é Gy or more) Gastrointestinal tract disorders

Fever(6é Gy or more) Skin injury
Disturbance of
consciousness

(8 Gy or more)

Nerve and blood vessel disorders

Increase in exposure doses

* Acute radiation syndromes observed in the case of whole-body exposure to radiation exceeding
1 Gy (1,000 mGy) at one time

Source: "Basic Knowledge on Radiation" (a text for the Emergency Exposure Medical Treatment
Gy: Grays Training), Nuclear Safety Research Association

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



Lapse of Time after Exposure and Effect$

One-thousandth of a
' Physical process | second after irradiation

_~" ]| Biochemical process
i " . Biological process

VA Clinical process
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Stochastic effects

4&

Cancer
Cell death or cell Hereditary effects
degeneration
Deterministic effects
. Acute radiation syndromes
Fetal effects

Cataract

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



Internal and External Exposure
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External exposure

y; Body surface
/ﬁ;w contamination
/

Vo

From outer space
and the sun

Suspended
mauem

From a radiation

\ Internal exposure

Inhalation

Foodand drink
consumption

generator
- Radio- -7/
A pharmaceuticals
Buildings
Ground
® Radiation coming from outside the body ® Radiation emitted within the body
J
The body is equally exposed to radiation in both cases. [E*2 fnaadtfr?;ts've

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



wweme Penetrating Power and Range of Effects on the
Human Body G-6

When radioactive materialsare When radioactive materialsare
located outside the body located within the body

Oﬁe

the body

Outside Within the body

the body Affected part

. -
a-partlcles‘i > |

Organs,
B-particle!“ etc.
: s > 4 S
y-rays 74 % > —

Radioactive materials
in the tissues Peripheral tissues

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



Internal Exposure
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(i) Ingestion
From the mouth (swallowing)
Absorption through the digestive

tract

(ii) Inhalation
airways

surface of the airways

(iii) Percutaneous absorption
Absorption from the skin

(iv) Wound contamination
Contamination from a wound

Incorporation from the respiratory

Absorption from the lungs and the

\

Inhalation or ingestion

=N

s

Mouth

Wound U

Kk

Radioactive material h

G

" Thyroid
> y

| f
\

Radioactive materials "\
within the body decay

as they emit radiation
within the body.

They may
accumulate in some
specific organs.

They are gradually excreted
in the urine and feces. J

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



Dose Measurement

. G-8
onsnsesel Calculation of Internal Exposure Doses

Age-related differences are taken into account
in calculating committed effective dose
coefficients.

Multiply  Committed
effective dose

coefficient
Dynamics within Dose to each organ
n - g Dose to the whole body
the boay (equivalentdose)
Half-life 2
B-particles: o
Radioactive  O-particles: one time T
- materials 20 times ¥ ST g
e
| . =
ey W Neutrons: N Q
TRy 2.5to 21times p ot
Becquerel : = Line =
(Bq) X, /» Differences in effects by Differences in sensitivity =
the type of radiation among organs 8
Determine the coefficient for each radioactive material through Sievert
mathematical modeling calculation (Sv)

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



Dose Measuremen . . -
Committed Effective Doses i

Exposure dose estimating how much radiation a person will be

exposed to in lifetime from a single intake of radioactive materials

_| Calculation of internal exposure | L

| Assumingthat the relevant

Integrating future doses
@ Public (adult): 50 years after intake total amount in that year
® Children: up to age 70 after intake

person was exposed to the

Committed

Effective dose

~ effective dose
(Sv: sievert)

Effective dose

Time

50years Time

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



Dose Measurement . o G-10
Conversion Factors to Effective Doses

Committed effective dose coefficients (uSv/Bq) (ingestion)

Three months old

Oneyearold

Five yearsold

Ten years old

Fifteenyearsold

Adult

Strontium-90

0.23

0.073

0.047

0.06

0.08

0.028

uSv/Bq: microsieverts/becquerel

lodine-131  Cesium-134 Cesium-137 Plutonium-239  Tritium*
0.18 0.026 0.021 4.2 0.000064
0.18 0.016 0.012 0.42 0.000048
0.10 0.013 0.0096 0.33 0.000031
0.052 0.014 0.01 0.27 0.000023
0.034 0.019 0.013 0.24 0.000018
0.022 0.019 0.013 0.25 0.000018

*Tissue free water tritium

Source: ICRP Publication 119, Compendium of Dose Coefficients based on ICRP
Publication 60, 2012, International Commission on Radiological Protection (ICRP)

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



Exposure Dose from Natural and Artificial
adiation around Us S
Radiation G-11

- - = ™
Natural radiation Fro;?);cuger Artificial | [
(in Japan) 0.3mSv radiation 7 §
From radon 3 v J
in the air
0.48mSv
From the ground Chest CT scan 2.4~
0.33mS (single scan) 12.9mSv
T 71 e B AAERE L vassa . ---“'f:J'.-d..n'..'T

Annual dose from natural radiation (Japanese average): 2.1 mSv

Annual dose from natural radiation (global average): 2.4 mSv

Tokyo to New York 0.11~ K feiigl ) 0.06mS
Air travel (round trip) 0.16mSv est A-ray scan {single scan Homsv

\. A \ v

mSv: millisieverts Sources: Prepared based on the 2008 UNSCEAR (United Nations Scientific Committee on the Effects of
Atomic Radiation) Report; and "Environmental Radiation in Daily Life (2011)," new edition, Nuclear Safety
Research Association; ICRP (International Commission on Radiological Protection) 103, etc.

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




Radiation around Us

Type of exposure

External
exposure

Internal exposure

(inhalation)

Internal exposure

(ingestion)

Breakdown of Natural Exposure Doses G-12

(Japanese)

Breakdown of radiation sources Ef(f;gt‘j‘/’;:;;e
Cosmic rays 0.3
Ground radiation 0.33
Radon-222 (indoors and outdoors) 0.37
Radon-220 (thoron) (indoors and outdoors) 0.09
Smoking (Lead-210, Polonium-210, etc.) 0.01
Others (uranium, etc.) 0.006
Mainly Lead-210 and Polonium-210 0.80
Tritium 0.0000082
Carbon-14 0.01
Potassium-40 0.18

Total 2.1

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

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



Natural Radioactive Materials in the Body
and Foods
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Radioactive materials
in the body

Radioactivity concentrations
(Potassium-40) in foods

When body weight is 60kg

Potassium-40 x1 4,000Bq
Carbon-14 X2  2,500Bq
Rubidium-87 X1 500Bq
Tritium X 2 100Bq

Lead and polonium X3 20Bq

X1
X2

X3

Nuclides originating from the Earth
Nuclides derived from N-14 originating from
cosmic rays

Nuclides of the uranium series originating
from the Earth

Rice: 30; Milk: 50; Beef: 100; Fish: 100; Dry milk: 200; Spinach: 200;
Potato chips: 400; Green tea: 600; Dried shiitake: 700; Dried kelp: 2,000 (Bqg/kg)

Bq: becquerels  Bg/kg: becquerels/kilogram

Source: Prepared based on "Research on Data about Living Environment Radiation (1983)," Nuclear Safety Research Association

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



Visualized Radiation L

Radiation from foods

( Sy
*Mostly B-particles from Potassium-40

‘The natural abundance ratio of
Potassium-40* is 0.012%.

*Potassium-40 has a half-life of 1.26 X
10° years.

\, ~

*Percentage of Potassium-40 relative to the total amount of
potassium found in nature

Radiographsof pork meat, banana (cut
verticallyand horizontally), and ginger

Source: Applied Physics Vol.67, No.6, 1998
Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation



Data on Internal Exposure Measured by G-15
and Calculation Direct Counting

[ TNy T T T T T T T T T T T T T \
T € Background
g B Subject
’30 »

™
VT ‘5,. Peak Position of || Peak of Potassium-40
% % | Cesium-137 1461 keV
. g 662 keV I

Counts of radiation
e
3 IS

{

|

Whole-body counter 0 500 1000 1500 2000
Radiation energy (keV)

. J
Measure radiation emitted from within the body = Measure internal

radioactivity for each radioactive material
The amount of potassiumin the bodyis around 2 g per 1 kg of body weight, and approx.
0.01% of that amount is radioactive potassium (K-40)

keV: kiloelectronvolts
Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation (partially modified)



Internal Exposure to Radon and Thoron
through Inhalation G-16

Generation of radon and thoron
(transfer into the air)

R d Radon progeny |nhalation
adaon nuclides (radioactive s
materials) (solids) o conoe
% L

a-particle emission ) a-particle emission
(half-life of approx. ga e (half-life of approx.

Internal exposureto radon, thoron, and progeny nuclides

3.8 days) 55 seconds) e .e):;;ilrjr::lto
Radon-222 Radon-220 ~ a-particles, etc.

Radon and thoron
(radioactive materials)
(gases)

Radium-226 (in SOiI) Radium-224

h it 1o

Uranium-238 | (jn soil) | Thorium-232

Source: BOOKLET to Provide Basic Information Regarding Health Effects of Radiation
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Question 2

An adult worker accidentally ingested
1 MBq of Strontium-90.

In this case, the committed effective
dose is calculated to be...

OO mSv



