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Alolia 2 Protons and 2 Neutrons
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Ionisation % & "'

Beta .High Energy Electrons .
Ionisation % J’

Gamma £ Y .

o \/W
X-Rays
4 Ionisation ‘g
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Neutron Free Neutrons 3
Ravs Ionisation &
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How Penetrating?
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Stops O rays

Thin
Aluminum
Stops B rays

- : Water or Concrete
Thick Lead
Stops neutron

Stops Y, X rays rays
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When radioactive materials are
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located outside the body

Outside
the body

a-pa rticles‘i‘i

B-particles‘i‘ i

Affected part

Within the body

I
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When radioactive materials are
located within the body

/ Within the body \01@&

the body

y-rays ‘i

v

Radioactive materials
in the tissues

J
L

Peripheral tissues
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Light-water nuclear reactor and generation of nuclear fission products

Thermal energy

Decelerated — 0
Thermal energy neutron O Neutron
e o
Nuclear fissior/; °
Uranium-235 O

N
Decelerated O Decelerated \\ o
\ neutron neutron
No X

on0%8 O—>0

Uranium-235 Uranium-238 Plutonium-239
O Decelerated
\\neutron
Nuclear fission products Xen::;l?'?” o
lodine-131 ) o 3 O
Xenon-133 Cesium-133 Cesium-134
Cesium-137
Strontium-90, etc. B-particles

y-rays

ﬁ-oz’%

Time

FE —r

fission
236b A

v
iy

radlatlve@‘z*
capture
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Containment Structure

Pressurizer Steam
Gen

erator
SRR I T
[
N ~-
(. | e
Control l
Rods
Reactor
Vessel
[ Condenser

Pressurized Water Nuclear Reactor - PWR
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Radionuclides are in an

unstable condition.
W Y

1 becquerel: Disintegrating
a at a rate of one per second
WY Y Je—— :

One material changes per .,. »
second (disintegration).
=1 becquerel (Bq)

e

10 becquerel: Disintegrating
. at-arate of ten per second

Emitting energy as \
radiation

o

Stable
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® Lightbulb = Has the ability to

emit light
Light
Lumen (Im) or Watt (W) . Lux ()
P Unit of light bulb brightness P Unit of brightness

[ N
® Radioactive materials = Have the ability to emit radiation

(radioactivity)
S
Radiation «
e _\—_\\\\_"“‘——-—;

Becquerel (Bq) Conversion Sle:ert. (S:) -
b Unit of radioactivity ~BLOEE Unit of radiation exposure

dose that a person receives ’

*Sievert is associated with radiation effects.
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PR s 2 Half of the

> 1 -

= original amount

wn AR A

L= SR AAAABAGA A AR 1000
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-E '+ | A quarter of the

-= » | original amount l [

= J r“ J“

o 12

®

— 100% o/

_‘% _' 93 89 =

o 1/4 " :
T 12 5% \6.2%

— Time

Time required for the amount of the radionuclides to reduce
to half = (physical) half-life
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Substance Half Life Emit Use

Americium 241 458 years o, Y Smoke Detectors
Cobalt 60 5.3 years B, v Medical Therapy
Plutonium 238 86.4 years o Thermoelectric Gen.
Plutonium 239 24,400 yrs o Reactors and Weapons
Radium 226 1,602 yrs o Medical Therapy
Uranium 238 millions yrs o, B, v Reactors and Weapons
Iridium 192 74 days B, v Industrial Radiography
lodine 131 8 days B, vy Medical Therapy
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712+
636.99

636.989 keV y
(7.17 %)

5/2+
364.49

364.489 keV y
(81.7 %)

131 3/2+
\ Y
54xe




9 5.6255 5 el L

iy S 9yl

v

. & ”» - * “—" ”»
) O o b 3,5 p boakaly 55 55 9 6,5 5
. LS oy sme 0L

el
Lo
.

gl 1 Oluil 4 b Colol Ol (5,8 5 0 (Soke &

- S5l 4 e ilg o O L il 5y 05
. /” y
¥ ,_3_3; C;.eb ;\J‘.?-\ “

350 Jolo 4 ol sl Al 5 (0 6551 WS

-



“ FREP L T dlil .”l

N
ST

oy S

|

#1Gy(k) # 1 Gy(WhH # 1 Gy (SI/LK)
1Gy(0s55)

39 655 S il T WT 2da 55 6,5 S g 5wgyss s
RO B CUP T SR




v g

30 <,

Aar
Exposure (C AL

{/—-«.\ g _ﬁe arnount o

I | =—————————= icnization i air due to

e gatmtma () rays.

Iflaterial
Abhsorbed Diose (3w

The atnount of radiation

Human Bods
Eqguvalent Dose (owint

the hurman bods

energy absorbed i materal.

e magnitude of effects on

g9 39

39 Bgi y dndS i oudh Qi (6551 45 Cowl (oS 39k (g0 0310 (LS (D) b &5 i 30
WS o0 g5 o)l |y oolo g o vy

Joleo 30

D (o0 ol Joleo 30 CanS b (umo CBb 4 50 ¢ SO gm FT ()l

P30 30

Py 30 53 I 51 ey 1,10 G553 wbl cilise sLaplil g Sl b acawle
RYPIRVAPES NV CIX RPN 1 CZ PRI FYY R PV apoun ICSUC S - B b

L

9 S 9 el




Bb (9399wl o




w4 U5 S92 0238 o !

N
X7

o

it

Equivalent dose (Sv) = Radiation weighting factor wy X Absorbed dose (Gy)

Type of radiation Nissuewcichting

factor w,
y-rays, X-rays, B-particles 1
Proton beams 2
a-particles, heavy ions 20
Neutron beams 2.5~21

Effective dose (Sv) = Z (Tissue weighting factor w; X Equivalent dose)

Tissue weighting

e factor w;
Red bone marrow, colon, lungs, stomach, breasts 0.12
Gonad 0.08
Bladder, esophagus, liver, thyroid 0.04
Bone surface, brain, salivary gland, skin 0.01
Total of the remaining tissues 0.12
Sv: sieverts; Gy: grays Source: 2007 Recommendations of the ICRP

v
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Multiply Radiation Multiply Add up

S Tissue weighting

% weighting factor ) 4 i > ~.
Wg
Dose that each organ receives Dose that the whole

equivalentdose body receives
P (eq ) y 0
v v
_g B-particles o
- a-particles One time o
Q Twenty times ¥ g
2 Z
J
S wp = . &
4 — e

' Neutrons - k

y-rays 2.5 to 21 times ﬁ -- i
One time H [
Grays Differences in effects Differences in sensitivity (Sv)
(Gy) depending on types of radiation among organs

y_ =
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Source of radiation Receiving side

Radiation Absorbed dose™  Amount of energy absorbed by a substance of
’ unit mass that received radiation

intensity™? Gray (Gy)
Becquer8| (Bq) i:?;ﬁ Absorbed energy (])
Gy=
‘.‘ Mass of the part
& receiving radiation (kg)
Radioactive *2: Energy absorbed per 1 kg of substances (Joule: J;
materials 11=0.24 calories); Sl unit is J/kg.

S Differences in effects depending on types of radiation

d d |
ecay per secon Equivalent dose (Sv)

Differences in sensi’t_ivity among organs

Effective dose Unit for expressing radiation doses in terms
Sievert (Sv) of effects on the human body
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° RADIATION UNITS

\ ROENTGEN CONVENTIONAL
@ EEER DOSE UNITS SIUNITS

e E“Eg-‘;‘é""* ROENTGEN COULOMB/KG
GRAYISI UNIT)

RADIATION
qjmonmene  mgme  RAD  GRAY
T

EQUIVALENT
poSE REM SIEVERT
EFFECTIVE DOSE

A =SERCE U, Bl Oy s fECkEy e EFFEC-IFIII'FE

CER e 7] b £ A0 AL DOSE - SIEVERT

\Gy=\.. rad =p rad=)\." Gy

)Sv=1." rem =P irem=)." Sv -
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Radioactive materials
in the body

Radioactivity concentrations
(Potassium-40) in foods

iy S 9yl

When body weight is 60kg

Potassium-40 %1 4,000Bq

Carbon-14 X2 2,500Bq

Rubidium-87 *1 500Bq

Tritium %2 100Bq

Lead and polonium %3 20Bq

*1 Nuclides originating from the Earth

*2 Nuclides derived from N-14 originating from
cosmic rays

*3 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 (Bg/kg)

Bq: becquerels Bq/kg: becquerels/kilogram

Source: Prepared based on "Research on Data about Living Environment Radiation (1983)," Nuclear Safeti Research Associationn
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WHAT YOU NEED TO
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MILLISIEVERTS (mSw)
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-] ACUTE  QANNUAL .o SHORT-TERM

-] Medical X-Ray (Chest)
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COMA within Seconds. Death within Hours
Instant Death
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