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Photon Energy

o The energy of a photon is given by

P this aquation:

IONISING RADIATION
entiaky harmfal or beneficia| to htitnan

E=hv

+ where h = B6.6262 x 10 J=5
v = frequency {Hz)
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<—High frequency THE ENERGY SPECTRUM Low frequency —>
High energy Low energy
WAIIUES WEIUAN

’-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-

T L L L L T T T T T T TrrTrTrTTTTTTTTTTTTT'TrTTTTTT'T'N



’-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-

USLLNNVDIS9E

Sedvtinlinaloasu Ssdvianalasau
(NON-IONIZING RADIATION)

Laidi

WRITUUINWBN AT LD Lgﬂﬁi’é}u
WanaandnanasnNad

“lopau nuneds Useanalui

NN S S S N S S N SN SN SN SN N SN SN N SN SN NN SN SN SN SN SN SN SN N SN SN S S S S S S S S e s

,I



sedvinlunalessy

A Mon-lonizing Radiation
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(Electromagnetic waves)
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" YannudunsdviinUandn (Sealed
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* A15uwNg (Medical uses)

* nsaneseanldlanianisunme (Non-medical irradiation of products)
® S3UUINANY (Gauging systems)

* N13018AINNINE (Imaging systems (radiography))

° m'ﬁm'ﬁﬁ”ﬁ’?aﬂ (Materials analysis)
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Radiation Shield
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Unloading
Processed Product

Control
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Radiation
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2. WA491UVD9598 (Energy)

e dranmnsaullan (Electron volt: eV)
W Aladannsaullan (keV)
wngdannsaulian (MeV)
IngBranmsauliag (Gev)
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5. J5useaganan (D) Wunmiienuendanasnungnganau luwiaiiowenseing
1 J =~ . .
1ae) U129 1058 (Gray) 1150 159 (Radiation absorbed dose) ; 1 Gy = 100 rad

— 1Gy=11Jkg

— dunmheiadmsy msldSunasedluanusid@snm minesdnaaduat luTsanueaamngsy Hudu
v < Y A2 A v A A ! ! 3 A A v
6. ‘]Eiﬂil!’ix‘lﬁ'ﬁlliga (HT) L‘]J“LlﬂTi’mNﬂ‘VlN“])”J’W]EﬂGUfNiQﬁ“])’HﬂG]NG] FIUBLIEYDIDDIYIS
1 Aad . < .
luviune 135 (Sievert) W30 151 (Roentgen equivalent man: rem) ; 1 Sv =100 rem

— H =)W x D, ; Wy = Radiation Weighting Factors

— 1 Sv=1Gy 1319 WRGU’eN’%J 3aNUAN Liner Energy Transfer (LET) = 1

L}
2% %

3 ' v o v Y a A Yo 1 s Aa v A Y I Yy A
— !‘]Juﬁu'ﬁﬂ')ﬂﬁ'lﬁﬁ‘ﬂ ﬂTi’Jﬂ‘]ﬁiﬂm NANo ﬂ?gllﬂ Y VU LAUTNT NIV UIUDLUATIN lﬂuﬁu ﬂﬂiWﬂ&]iUﬂaﬂigﬂﬁjﬁﬂQTN

1a0anen1959a W.a. 2561
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Radiation Weighting Factors or Quality Factors : W)

Type of radiation Wy,

Photons 1

Electrons and mmons 1

Protons and charged pions 2

Alpha particlt&__ fission fragments, 20

heavy 1ons

Neutrons A continmous function of neutron energy:

2.5 4 18.2 e=MEI6 £ < 1 MeV
wy =1 5.0 4 17.0 e~InZE1/e 1 MoV < E_ < 50 MeV
2.5 + 3.25 e~IMO04EI1 6 B 50 MeV

Note: All values relate to radiation incident on the body or, for internal radiation sources,
radiation emitted from the incorporated radionuclide(s).
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= v a2 10 d 1 A Aad
Lﬂﬂﬂﬂl@ﬂiﬂﬁﬁ@ﬁﬂﬂﬂi\luyﬂ 11«!1414!’38 $ATHN (Sv)

— E.= ZWT x H,. ; W_ = Tissue Weighting Factor

I ' v o Y Y] A A Yo A
- lﬂﬂﬂ”?ﬂ?ﬂﬁ’lﬁﬁﬂ ﬂ’li')ﬂﬂ%ﬂ’lmﬁﬁﬁvﬁ']ﬁﬂ'lﬂllﬂﬁﬂ ﬁTNﬂﬂﬁTﬂaiuﬂaﬂigﬂﬁjqﬂUTN

U

1a0aneN1959d W.7. 2561

Tissue /Organ

Tissue/Organ weighing

Gonadal exposure

factor - W,
High sensitivity Bone-marrow (red), Colon, Lung, Stomach, Breast | 0.12
Intermediate sensitivity Bladder, Oesophagus, Liver, Thyroid 0.04
Low sensitivity Bone surface, Brain,
Salivary glands, Skin 0.01
*Remainder (14) 0.12 (in total)
Genetic and Somatic from Gonads (ovary, testis) 0.08

*Remainder Tissues (14 in total): Adrenals,
Extrathoracic (ET) region, Gall bladder,
Heart, Kidneys, Lymphatic nodes, Muscle,
Oral mucosa, Pancreas, Prostate, Small
intestine, Spleen, Thymus, Uterus/cervix..
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YSuuSaddma
(Effective dose)

U“m'lm“:'qﬁauga (Equivalent dose)

LAUT A

Haviallavaziin

o e

waslutai D aAuliAy 20 fiads
Vim (mSv) Aot (year)

wazliifu 50 dadvcidn Tu 1 9

5 UinsafuliiAu 100 dadaidn

20 iiaduriinaal

Liifiu 50 fadadse Tu 1 9
5 Uinmaiulufiu 100 fiadd
134

500 ifiadTisna o)

£ en wie ar it
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1 fiaddidnsial)

15 fiadvisns ol

Uszanaunall

1 iiadaisnmol)

L =) & [T AF e,
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1 fiadaideeol) 5 Vdasaduludiu 1
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fiaddisnnatl

20 fiaduisnnoll

ﬁlﬂﬁﬂﬂ,l“a: ﬂgﬂ'ﬁxmqammu:ﬂaﬂﬁamﬁaﬁ .. 2561 waz IAEA Radiation Protection and Safety of Radiation of Radiation

Sources: International Bacsic Safety Standard (No. GRS part 3) ¥t 132-133
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Exposure Dose from Natural and Artificial
GCIIERV Radiation

Source Dose (mSv) Range (mSv)
Natural background
External exposure
Cosmic 0.4 03-1.0
Terrestrial 0.5 0.3-0.6
Internal Exposure
Inhalation (mainly radon) 1.2
0.2-10
Ingestion 0.3 0.2-0.8
Total 2.4 1-10
Man-made (artificial)
Medical 0.4 0.04-1.0
Nuclear Testing 0.15 — decreasing trend
Chernobyl accident 0.002 0.04 — decreasing trend
Nuclear power production 0.0002 Decreasing trend
Total 2.8 1-10

" ~\
-2 From outer
Natu‘ral radiation space
(in Japan) 0.3mSv
-
From radon and
thoron in the air

iﬂ 0.47msv

HH& From the ground
L 8

From foods
0.99mSv

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

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

Tokyo to New York 0.08~

Air travel (round trip) 0.11mSv
\. J

Artificial
radiation

CT scan 2.4~
(single scan) 12.9mSv

Chest X-ray scan (single scan)  0.06mSv

. S

mSv: millisieverts

Sources: Prepared based on the 2008 UNSCEAR (United Mations Scientific Committee on the Effects of Atomic Radiation)

Report; "Environmental Radiation in Daily Life (Calculation of National Doses), ver. 3" (2020}, Nuclear Safety Research
Association; and ICRP {International Commission on Radiological Protection) 103, etc.

Exposure Dose from Natural and Artificial Radiation [MOE]
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https://www.env.go.jp/en/chemi/rhm/basic-info/1st/02-05-01.html
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Filte. 2 Examples of the trefoid sypmbol

RADIOACTIVE
ISOTOPE
Tyre @  ISICEEN nom
mC m Dofe(.

Make only shortest possible stay if close

than 1ft 9 in to radiation source
FIr. 3. New spmbol i wiern cgainst gaiming accesy i a8 SoIrce.

Sv.Philips A-B Sweden

Jeydnuwalnie3eg

Fii 5. Examples of the types of labels required for packages containing radionctive
FCRITTES.

RADIATION

AREA
AUTHORIZED

PERSONNEL ONLY

B &
a

ACAUTION

[ XY
&8

Radiation area.
Authorized

personnel only.

UN8LHaUNI9S9E

CAUTION
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LA384981329598 (Survey Meter)

® (157IADANTIUSUIUS IENLLHNDDNNINNAUALASIA LUNUT
(BR51USUUSIANDLIE1)

* gUssiliuanuidesv U URuLasElnSuNansenuluiug

'wﬂfmﬁiﬁi’fLLammﬂuﬁmﬂ’u mR/h (1 mR = 10 pSv), uSv/h,
138 PGy/h
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* peNlglun1In 19N U TR U UENINUNUASIE AD counts per minute

(cpm) %38 counts per second (cps)
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ANANUSUNSIadZdN §1SUNISLNNSEIY Yi9aNSdaU

AUSUISIEEMSUNISENS2 (Warning limit)

* avu. NMURUALITUSIBIUN 4.5 mSv/ 3 AU NSAlUSHISEN28a182 (Hp(10))

AUTUIUSIEE1TUNIMII89U (Investigation level)

o asudng. Aviuabilusieay  Hp(10) = 4,000 uSv/iRau NsdiusuIaSENIa6n
Hp (0.07) = 40,000 pSv/tiau nsdUSuIaSERRIMT
Hp (3) = 4,000 pSv/iau nsaiUSuusdiaudnn

* JAEA uuzulin 5 mSv (5,000 pSv) /fau nsalUSU1SIdNIa1R LAz RIS
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A9819NANTSNULUU Deterministic Effects 989015 LASUSIENN29119

Y
=X VU A o/ v

5U A WafifindunuiianisvaegUigainnislasuied 11 Gy (1 hiau)

5U B waiinadunuinieavaswUieainnislasuieg 18 Gy (6 \how)
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A29819NANSZNULLUU Deterministic Effects ¥89n15MA5U599172519018 (Whole body)

* A12819NANNS LASIAN 319018
— 0-250 mSv  LiusIngeIng
— 500 mSv  unudadenldsuldasaniiey

— 1Sv aduld soumds Srunudindes
UaguuUas

— 2 Sv AAULE 918U LIUUIY WU

— 4 Sy lan1ad@edie 50 %

— 6 Sv lonnaLdeais 80 % - 100 %

— >8 Sv @e 100 %
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® International Commission on
Radiological Protection (ICRP)
AAUAIN
* nslesusidmdunisidesde (Risk) g0
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Reasonably Achievable)
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3. QMU (shielding)

2. Optimization of Radiation #iaafimnuiayazaongeq du axia, wan, Aounda

Protection 1a9n35n135U89 UM
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ALARA = o

ALARA) . Radiation Safety and ALARA
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ICRP. The 2007 Recommendations of the International Commission on Radiological Protection, ICRP
Publication 103, 2007.

CDC Fact Sheet. Acute Radiation Syndrome: A Fact Sheet for Physicians. Department of Health and
Human Service, Center for disease Control and Prevention, USA.

IAEA. Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards. IAEA
Safety Standards No. GSR Part 3, 2014.

Charles E. Chambers, et al. Radiation Safety Program for the Cardiac Catheterization Laboratory. Wiley-
Liss, Inc, 2011.

5% @119AU4. Basic Knowledge in Radiobiology. AMAIYISIEINET AMLUNNEAEASITINUIAIINTUA.
drinaudsinaitedui. nslesiudunseainisdsesiu 2. 2546.
IAEA. Radiation Biology: A Handbook for Teachers and Students, Training Course Series 42, 2010.

IAEA. IAEA Nuclear Security Series No.5: Identification of Radioactive Sources and Devices, 2007
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