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Alpha vs Beta ionizing radiation
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2 Protons and 2 Neutrons
s e e
Rays
Ionisation & & ",
Beta High Energy Electrons
Ionisation % &
Gamma S e
Rays High Energy EM Radiation
X-Rays
t4 Ionisation &
Neution Free Neutrons
Rays Ionisation &
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Thin Water or Concrete

Stops neutron
rays

Paper Aluminum Thick Lead
Stops O rays Stops B rays Stops Y, X rays

How Penetrating?
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When radioactive materials are When radioactive materials are
located outside the body located within the body
Outside Within the body Oge
the body the body

Affected part

a-particles“._;.i

PN Organs,
B-particles a etc.
y-rays ‘i > - - S

/

Radioactive materials \
in the tissues Peripheral tissues
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Light-water nuclear reactor and generation of nuclear fission products

Decelerated
\ heutron
\%

Uranium-235

Nuclear fission products
lodine-131
Xenon-133

Cesium-137
Strontium-90, etc.

on0»8

Thermal energy

Nuclear fission

O

O

Xenon-133,
etc.

——

Thermal energy

Decelerated =0
neutron O 8 Neutron
Uranium-235
Decelerated \ o
\\neutron
°—Q0—0
Uranium-238 Plutonium-239

Decelerated

\\neutron

'Q — O

Cesium-133 \ Cesium-134
B-particles |

y-rays

fission
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Containment Structure

Pressurizer Steam
m |

IJ" -E\ e
Control ElIF:
Rods
Reactor
Vessel
f Condenser

Pressurized Water Nuclear Reactor — PWR
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<! 1000 000 000 Bg & 20 000 000 Bq

Radionuclides are in an
U‘n‘Stable condition. 1 becquerel: Disintegrating
a

at a rate of one per second
P Y Y pee—

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

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

i Emitting energy as

! radiation
1

v
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

" ® Radioactive materials = Have the ability to emit radiation 1

(radioactivity)

Becquerel (Bq) Conversion Sle:ert. (S;') —_—
» Unit of radioactivity factor Unit of radiation exposure

dose that a person receivesJ

*Sievert is associated with radiation effects.

v
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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 a, Y Smoke Detectors
Cobalt 60 5.3 years B,y 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,y Reactors and Weapons
Iridium 192 74 days B, v Industrial Radiography
lodine 131 8 days B, v 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
54 X e
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/“ B . S e ﬁe amount ©
—— 1onization in air due to
)\ — S gamma () rays.

Iiaterial
Absorbed Dose (Gy)--

The amount of radaatlon
energy absorbed in material.

Human Body
E'%h wvalent Dose {(Sv)--
e magnitude of eEects on

the human bodsy V
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Equivalent dose (Sv) = Radiation weighting factor w, X Absorbed dose (Gy)

Type of radiation S ELbinE

factor wy
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

Tissue
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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Multicy Radiation Multiply N
x weighting factor x Tissue weighting
- factor w;
R
Dose that each organ receives Dose that the whole
equivalentdose body receives

o (eq ) y -
v v
_g B-particles (o)
- a-particles One time ©
Q Twenty times oi .g
£ g

o]

S ==p -> 2
el , 2 o
< ; Neutrons \ y

y-rays 2.5to 21 times ﬁ _ k
One time Hd Sieverts
Grays Differences in effects Differences in sensitivity (Sv)

(Gy) depending on types of radiation among organs m
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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)
BecquerEI (BCI) :;*{5;:? Absorbed energy “)
Gy=
‘.‘ Mass of the part
& receiving radiation (kg)
Radioactive *2: Energy absorbed per 1 kg of substances (Joule: J;
materials 1)=0.24 calories); Sl unit is J/kg.

S S Differences in effects depending on types of radiation

decay per second .
Equivalent dose (Sv)

Differences in sensitivity among organs

Effective dose Unit for expressing radiation doses in terms
Sievert (Sv) of effects on the human body
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NATURAL SOURCES OF RADIATION
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NUCLEAR MISSILES
& BOMBS,
Exposionsz

relesse
radistion

NUCLEAR POWER
STUTIONS
release radigtion

MEDICAL
EQUIPMENT,
especially X-ray
machines
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Radioactive materials Whenibadyweight.is 60kg
in the bo dy Potassium-40 %1 4,000Bq
Carbon-14 * 2 2,500Bq
Rubidium-87 X1 500Bq
Tritium x 2 100Bq
Lead and polonium %3 20Bq
*x1 Nuclides originating from the Earth
X2 Nuclides derived from N-14 originating from
cosmic rays
Rad ioactivity concent rations X3 Nuclides of the uranium series originating
from the Earth

(Potassium-40) in foods

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  Bg/kg: becquerels/kilogram

Source: Prepared based on "Research on Data about Living Environment Radiation (1983)," Nuclear Safeti Research Associationm
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WHAT YOU NEED TO KNO

Roali

MILLISIEVERTS (mSv)
<@ ACUTE - @ANNUAL . SHORT-TERM

<@l Medical X-Ray (Chest) 1 \ LNy
m-o-quwu.maoumrsAmunoayA-mnsa.-n" E
é?_, L

<4 3 Mile Island Accident
-

Novmel Recintion AR Neopiarecsive.,

o Matuial Rodiation n L

<4 CT Scan (Brain)
<] CT Scan (Pelvis)

- fora Miner

—
<« Airline Crew (New York to Tokyo-Polar Route) s~ 0@
<l CT Scan (Full Body)

-4 10-50 EPA ACTION &

| so | 4

Limit <
—] SO | < mudragiation poisoning #H
_] 70 | = . =" V*\
S— 80 —} - !.2!:! Radiation Nl‘&nl_l\’ zo 1 1
—] 90 — Fukushima
100 _: RISk OF CANCER a1y Comiimesmrsc seeet o Acone Do Emergency

e o o e e o o P i e O )

<4 Moderate Radiation Poisoning

< Reactor Radiation
1 mactias

Hiroshima
COMA within Seconds. Death within Hours

InstantDeath

WWW.CARTOONADAY .COM
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