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Basic Definition of Radiation

What is Radiation?

HESTEARE X AR 1E5?

€ Waves or particles that carry energy. It can be classified into:
wmEY: BHRENRHAT. EWAA:
lonizing Radiation
B R AR ST
Non-ionizing Radiation

FEE BtEsY



Basic Definition of Radiation

. lonizing Radiation
ENEREX L BES

@ Particles or photons with sufficient energy to produce ions in the medium.

AR BREENMNRFFER TN THET.




Basic Definition of Radiation

. lonizing Radiation
ENEREX o B RS

Radiation, hv

@ lonization is the removal of an electron from an atom or an ion, resulting in an ion pair.

BEEEMNETHETFHBER—1E2T, NAER—1TE .

@ lonization is the primary cause of radiation- induced biological damage.

HEERENESEVRGNEERRA.



Being exposed to natural (background) radiation is
a normal part of life. There's no need to worry due
to its low dose rate.

ZETRABHER (KRE) P2EENES. BA
ZRHINFERR, ERIERLD.

—
Natural Source

>

KRR

Source of
82%

Cosmic Rays
FHN%Z%

Neutrons, protons, T meson, etc.
(After hitting the atmosphere)
RF, BF, T FH
(BEmASER)

lonizing Radiation

B B fR Y SRR

Man-made source

AR
18%

\ 4

Soil, Rock, Building
T®E A BN

U, Th, their decay products (Ra,
Rn), and K-40, etc.
W, FRERTSY E. =) .

H-40%

v

Human Body
ANERA

K-40 and other natural radioactive

substances that can be inhaled or

iIngested.
H-40 K H AN/ R AR R IR
5N M R

Medical Exposure (17%) , Nuclear Applications, Others
BT RE (17%) , =EAFA (B, Tik) , Hfto




Basic Definition of Radiation

BHEREX

Radiation in Daily Life

Natural Radiation Effective dose

Man-made Radiation
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Basic Definition of Radiation

Non-ionizing Radiation

HESTEARE X Je e AmsY

€ Non-ionizing Radiation that does not have sufficient energy to ionize an atom.

FEBEENEEHEETEUEREFRXEHEBNES.

e.g., Radar waves, microwaves and UV light.

fBlan: ik, FHURFILIN



Basic Definition of Radiation

— . Electromagnetic Spectrum
HRATEARTE X e T

The Relationship: Frequency vs. Wavelength Af = ¢ = 3x10°A8m/s

- Increasing energy
Increasing wavelength >

10n 1000 nm 001 cm 1 em 1 m m
| | | | |

4

0001 nm 0.01 nm
1

Xrays lirar- Infrared Radio waves

Wi ~\ n
/ .

Visible light Non-ignizing

Gamma rays

lonizing

Radiation Radiation

400 nm S00 am &S00 nm 00 nm




Basic Definition of Radiation | sesiee souree
= e BN i
T N o+
mABERENX HSIE (%) N oo B
i3S |
.| Radiation Source | Unsealed Source . .
> — Emits during
L SR FEZH B YR Decay
REXS
X A
Classification of lonizing HakE

Radiation Practices _,| Alpha Radiation |

o oiESH

B ERAAR DR Particle Radiation

REf 385 Beta Radiation |

Radiation Type A

| iEgiE _

Electromagnetic — Gamma Radiation |

o ViESY

TN Radiation S
B R R Y . X-ray .
XE¥%;
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Type of lonizing Radiation Alpha particles

ot F

RSy KA

¢ He (FEF1%,HFMAIER )

¢ A (RE#) =4, heavy mass (ERE)

€ short ranges: 1 to 2 inches in air, 40 to 70 pm in tissue (cannot penetrate the dead
layer of skin) L He o
SHEE: BEMNEZSPHNHRERE: AH1E28~ (H25F5EXK) , EALAFHNHE )
ALETONK (TEFERKNARE) .

@ Alpha can be stopped by even a piece of paper.

o —IKERBR T



Type of lonizing Radiation

%%ﬁﬁﬂ'%ﬂ II?B,;:j_’ia‘jrparticles

€ Beta particles are electrons emitted from the nucleus, so they carry a negative charge (-1).

BT RMEFZPEMEMNE T, BEHFEhEs (-1) .
€ longer ranges than o : 10-20 feet in air, several mm in human tissue.
WELaEK: AESHPH10-20%R (43-6K) , AAGTARTTEAREXK.
€ Half inch of plastic or plexiglass will stop most beta particles.

F3T (N1.27EX) ERNBERSBFYBERAI TS K Z MR T



Type of lonizing Radiation

Gamma and X-ray

|
RSy L E y I X84
Featuret it Description iR
OriginiZiE Gamma: Atomic nucleus y Wik FEFIEN
X-ray: Electron shell XS%k: MR FE
NatureZ&J& Photons (Electromagnetic radiation) WANF (BEiES)
no charge A
PenetrationZi% h Very long range in air (Several hundred feet) =SHHERK (HEX)
Can penetrate the human body o] FiE A

Shielding R #& High-Z materials (e.g., Lead) SETFRFEHE ()
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Exposure Hazard and Control

A5 R A )

External exposure

From outer space e
and the sun

Body surface
= contamination

Suspended
matters

From a radiation
generator

Ground
® Receive radiation from outside of the body

J\__body J

Exposure Route

BAEAN

Internal and External Exposure

~N Internal exposure ~\

Inhalation

Food and drink

> ¢

consumption

® Receive radiation from within of the

The body is equally exposed to radiation in both cases.

4 Radioactive
materials

€ Due to its short range in tissue,

the primary hazard of alpha is

internal exposure.

EE 3:0(7_ gﬂ«/\ ':F E'Jﬁﬁi’l‘ﬁﬁ
Z RN RS KBS

—H&AX

External Hazard ¥} BB 53 X Fé :
n>y/X >B>a

Internal Hazard [N B8 53 X\ B& -
a>p> v/X



Exposure Hazard and Control

Radiation Effects on Cells

B8 B¢ X B& FO =2 5l 43 54 X 4 B B B

€ Each organ of the human body is made up of specialized cells. lonizing radiation can potentially affect
the normal functioning of these cells.
ARSI B E BN ARAE. EERENTRSRmX LM IEEINEE.

€ Somatic effects: effects on the body of the individual receiving radiation, e.g., mutation of cells leading
to cancer.
WA : EEFANZRANMMEE=ENRWE, FN, ARRESBIRE.

€ Genetic effects: effects on chromosomes of reproductive cells, may be inherited.

BERR: ENETEMAR (FTFHMIT) REFERmE, XTI TRERISBEESFN.



Exposure Hazard and Control

Incident sharing

B8 5 XL B Fl1 322 =R pI

€ On November 21, 2021, a company in Dongguan

purchased three portable X-ray machines from a supplier,
with neither party holding a f&5Z £ iFoTiE. The
unshielded equipment, lack of safety procedures and PPE

led to two workers’ suffering from radiation injuries, with

their hands showing blackened and ulcerated .
20214118218, REELL (EBHELLIFTIE) A3,
NEHTIENEEABE T3 AEERIXSFE. REREL
Rk, AALRERENE, REEHPHAML, SB2E8R
TR BEMHG, FREARBRE.




Exposure Hazard and Control

,“\Et_l'mlgéﬂéuj: | ;Cﬂ:ii;%rgjsharing

€ In 1987, scrap collectors in Goiania, Brazil, took home and dismantled a
teletherapy unit containing a 51TBq CS-137 left behind after a hospital
relocation, causing radioactive powder to leak. The collectors developed
vomiting and hand swelling. Then they sold the assembly to a scrap dealer.
Seeing the powder glow in the dark, the dealer mistook it for treasure, invited
family and friends to view it, and distributed rice-sized particles to children to
play with. Days later, multiple people exposed to the radiation developed
gastrointestinal symptomes.

19874, ERXTEY —RERKI/FEENZELGTTI (WRA51TBgRICs-137
HEHR) #amETERFERSBESERROtR, B HIRLL, FHKF
fER. BEEBSHRAGREARMRGERTBE, ﬁnnﬂiﬂ@%kﬁﬁm*ﬁi?" &
BER&RIE, RUAABE, BEIXKRXNE. KRNKNMNIMREDTEGEEZF, #)
EniR. ZAHGE, ZREMEREFMEELIEHEER.




Exposure Hazard and Control
External exposure Control Measure - ALARA Approach
BR 59 K B A4 1 SMERSHESI 7T - ALARAE

€ ALARA = As Low As Reasonably Achievable

SEITRAER
Reduce time near radionuclide
B/ >RSP (= B AV T [E]

Increase distance from radionuclide

RO BARGR

Add appropriate shielding

) AR U AR 55 4R 5t



Exposure Hazard and Control

ALARA Approach - Time
HE 5% X BS T2 1 ALARAJET - g

€ Pre-plan and discuss the task thoroughly prior to enter the radiation work area.
EHENESN TEXEZ 5, NFEEFMAAIFNIEEXES.

€ Perform as much non-radiation work as possible outside the designated areas of radiation work.
RogeEEs el Rigz S RFEES1ETE.

€ Have all necessary tools before entering the area.
EHENZXEZE, FRESTTEAAFLENTIR.

€ Increase Work efficiently.

R’RELIERER



Exposure Hazard and Control

ALARA Approach - Distance

B8 & X B Fn 4= il ALARAEN — BE 75

€ For a point source, radiation exposure is reduced by the inverse square of the distance from the source:

H—MEFENRTHENTESTUZBATN, HENEBEKESEBNEITRKXEE:

D Dose R i t1
ose (or Dose Rate) oc Distance 2
Dose = 1
€ Stay as far away as possible from the source without hindering work. g
ERGR TRNERT, RETSENE. ST
Dose =14

€ Use remote handling device when appropriate.

MBI, H#HTIEERE

Dose=1/9



Exposure Hazard and Control

ALARA Approach - Shielding
M8 5% R BS A $ ALARAET - &

® Shielding effectiveness depends on both the material type and sufficient

2

thickness.

FROSREATHEN RS RBHOEE,

W

Neutron

Papes Thin plales Lerad, inon;, and waler,
made of wood, other hck concrete.elc.
gluminum, etc. melal nlates



Exposure Hazard and Control

Bremsstrahlung

B8 5 XL B Fl1 322 PIBAES

€ Bremsstrahlung effect occurs when beta X-ray
particles or electrons are slowed down
or stopped by the absorbing medium,

producing x-ray.

Y B R S RAEPE T B TS TR Nucleus
e o R R o B 5 B T = E XS R B T +Z.e
%,



Exposure Hazard and Control

Bremsstrahlung
BR 59 K B A4 1 B BCAESY

€ Energy loss in bremsstrahlung, or the energy of the x-ray produced, is proportional to the product of the beta

energy (E) and the atomic number (Z) of the absorbing medium.

MEESEETNERERK, MATENXFEEE, SPRTHE (E) MRENMRETRFE (Z2) HRFRKIEL.

€ Therefore, for high-energy B, a dual-layer shielding approach is recommended: first use low-Z materials (e.g.,
aluminum or plexiglass) to block beta particles and minimize bremsstrahlung production, followed by high-Z
materials (e.g., lead) to absorb the secondary bremsstrahlung generated in the first layer.

Hit, WTEEAT, BEWXKANERFEERR: aAERARETFEME (MExWieH) BEBHR T Him D HIE
BRAMNTE, RAREASETFFEME (08 REKES—EBEP=ERNRETBIES.



Exposure Hazard and Control

Shielding against Gamma and X-ray

B8 5 X B F 2 XS5 Ry 528 B Rk

® Shielding effectiveness increases with the thickness.
RRIRSHEE EENEINMmIEE.
€ Half-Value Layer (HVL) is the thickness of any given absorber that will reduce the intensity of beam of
radiation to one-half its initial intensity.
FEE (HVL) EHREAFEREMRNEE, HZERARN, HEEESEENREEN—F.
€ Seven HVLs will reduce the intensity to less than 1%.

EAPHVLsH{FEESEEFEEEARE 1%,



Exposure Hazard and Control

Shielding against Gamma and X-ray

B8R 5 X B 9% ) XSHLE ATy SR AR
. Outgoing
Incoming gamma/x-ray
gamma/x-ray of intensity I

of intensity I,

1 _ exp LxIn2

Lo HVL

Absorbing when L = HVL, I= 10/2;

medium of when L=7 HVL,1<0.011,
thickness L



Exposure Hazard and Contro| s _
Shielding against Beta

BRYF#K

B8 5y KBS 2

€ Beta particles have a maximum range in materials,

Instructor's Guide
CARBON-14 (C-14)

Carbon-14 is a low-energy beta emitter (about 10 times more energetic than tritium). C-14 is not
easily detected with a hand-held survey instrument such as a thin-window G-M (the efficiency is

determined by the| r energy_ ~ 10%). Monitoring is normally performed by taking a swipe of the area and counting the swipe

in a liquid scintillation counter,

. Maximum energy: 0.156 MeV (the average energy 1s 0.052 MeV).

BRLTEMBRERANTE, HHEBERE.

2. Maximum range in air: 9 inches (24 cm).

3. IAEA toxicitv classification; Medium-low.

€ Their intensity stays constant until near this range, then
4. Physical half-life: 5,730 years.

drops sharply to zero. _ N
5. Effective half-life (Tew): 12 days.

6. Cantical organ: Whole body and the body fat.

RFEEEEMRZEREARATLE, BERERITEER,

7. Personnel monitoring: Bioassay - urinalysis and/or breath measurements (COz), NOT
detected with a dosimeter (thermoluminescent dosimeter or film).

@ therefore, shielding against beta particles requires a 8. ALL

"complete Stopping thickness" (the maximum range), e 2mCi (8 x 107 Bq) -labeled organic compounds by inhalation or ingestion.
" o 1.6C1({6x 10"Bqg)CO by inhalation.
not "HVL”.

» 200 mCi (7 x 10° Bg) CO:by inhalation.

El‘tt ﬁ&ﬁﬁﬁ%gu% BH*%EEH (El]ﬁ-ikgj_ﬁ) -ﬁﬁ-E"E @g: Imm of plexiglass (if needed) - thicker plexiglass may be used @
’ y
10. Special Considerations:
A s
u#{ﬁ%n .




Exposure Hazard and Control

Internal exposure control

R 5% XS Fn 3= 51 iy R S

€ Use a fume hood or glove box for handling unsealed radioactive materials.

FRFRERFERTREBEH S EYMRRE.

€ Wear appropriate PPE, e.g., lab coat, gloves, safety glasses.

€ Eating and drinking are prohibited in radiation work areas.

EN TIESMEILRR.

€ Good ventilation and housekeeping.

REFHBERMESH TIESA.
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Measurement of Exposure

Dose

EHRENE &

€ Dose is a key physical quantity used to quantify the level of radiation exposure and assess health risks. It
is primarily classified into:
FEZATEARERNREKENTEERARENCRYER, EXEDH:
* Absorbed Dose, D:
IR K7 &
* Equivalent Dose, H

é/

7

el
il

» Effective Dose, E

HRFE



Measurement of Exposure

— Absorbed Dose, D
EHRENE RUKHIE, D

€ The absorbed dose is a measure of energy deposition per unit mass of tissue by ANY type of

radiation.
R EREEAMRENENERLVNRELARPNREENYEE.
€ It does not take into account that different types of radiation have different potential effects on the

human body.
EREEEE, FREXENEFNAGS=ELRRNEERMT.
€ Conventional unit is “rad”, Sl unitis “gray (Gy)” .1 Gy = 100 rad = 1 joule/kg

gt Rrad, EFFEAMIEGY, 1Gy=100rad = 1&E/Tx



Measurement of Exposure _
Equivalent Dose, H

HE=EFI=, H

BEHRENE

€ Equivalent Dose takes into account the different potential biological effects to a body tissue due

to different type of radiation, even at the same absorbed dose.

AN EARBFIEHERMEALT, SEFNELFRT FAREFEENVELARERNEDIRAZER.
@ H;z= DTgx Wy

HEFE(H ) =RIKFIE(D ) “RIANEREF(We).
€ When the radiation field is composed of different types of radiation with different Wy, values, the

equivalent dose H; is given by: T
Hy= . * Drog
| ?J‘E,E!h r.R

HENIEHREEAE WENARXRE RS AR, SEFE N

€ Conventional unit is “rem” Sl unit is “Sievert (Sv)” 1 Sv = 100 rem

EZRBAM A rem”, EFRERLAH“SV, 1Sv = 100 rem



Measurement of Exposure _
Equivalent Dose, H

L EHE, H

BEHRENE

RadiationZg 5y HY Wk
Gamma/X-ray YF B eE= I
Beta Particles, Electrons BB+ X1F, FhiBRE= 1
Neutrons (all energies) H—f 5-20
Alpha particles o. HEHRH. BZ 20



Measurement of Exposure

Effective Dose, E

ENEENE HHFIE, E

€ Effective dose takes into account of the different biological sensitivities of each organ/tissues to radiation.
BTN ESF RIS RE/ALANENNEDTRENER
€ For examplez&5)15% BA:
* Highly sensitive organs (e.g., gonads, lungs): Even when exposed to relatively low doses, they are more
susceptible to stochastic effects, such as cancer.
BRESNHE (MR, ) @ BMEIIRNNFE, WERSSIRKBEESFEYLENN
* Less sensitive organs (e.g., skin, bone surface): A significantly higher dose is required to produce a comparable

level of risk.

HREMNRE (WEK. 5%0H) | FEERNFESEFERFRAIFIREE



Measurement of Exposure

Effective Dose, E

ENEENE HHFIE, E

@ Effective Dose, E, of whole body is the summation of tissue equivalent doses, Hy, multiplied by Tissue

Weighting Factor, W;

EFNBIGUE () FTRHAR (T) NIEFE (Hy) SHEREARNER T (Wy) KRR ET.

E = ZHT . Wy
T



Measurement of Exposure

Effective Dose, E

ENEENE HHFIE, E

Tissue ZHZR / Organ 88 &

Gonads TR

RBM, Colon, Lungs, Stomach (each 0.12)

2158 & B 8B (£012)

Bladder, Breast, Liver, Thyroid, Esophagus (each 0.05)
e, FLER, B, HURRR, RE (&0.05)

Skin, Bone Surface (each 0.01)

RRER. BF&mE (%&0.01)
Remainder |4&Z[5

Whole body 4 &

0.20

0.48

0.25

0.02

0.05

1.00



Measurement of Exposure

BEHRE

ST = Dose Limit

M & R BRAE
Limit Type Dose Limit
PR il € B BRIE#RAE

Exposed Group
TRITR

Occupational Workers

BRI TEAR

Members of the Public
NN A

Effective Dose

BRI E

Equivalent Dose to the Lens of the Eye

REBALYEFIE

Equivalent Dose to Skin & Extremities

XTI S 258

Effective Dose

BRFE

Equivalent Dose to the Lens of the Eye

REBASEFE

Equivalent Dose to the Skin

REELEFE

Average per year over 5 consecutive years <

EESFFIYFE < 20 mSv

And in any single year < 50 mSv

BHEf[—4F < 50 mSv

Per year =< 150 mSv
F4E < 150 mSv

Per year =< 500 mSv
BFE < 500 mSv

Per year < 1 mSv
FF < 1mSv

Per year < 15 mSv
BHE < 15 mSv

Per year =< 50 mSv
FH < 50 mSv

20 mSv



Measurement of Exposure

Dose Limit

EHNREBINE PR

€ The regulatory authority requires HKUST(GZ) to comply with stricter annual effective dose limits—5

mSv for radiation workers and 0.25 mSv for the public—equivalent to one-quarter of the

national standard (GB 18871-2002).

RIBEEHIME, EHEREAE (TFH) BEFERRNEEIFERE, BEST TEAR 5 mSv/
F£. ARG 0.25 mSv/5E, iFAEN (EBESFiIPSESHELZSEAIRAE) (GB 18871-2002)

ez —.



Measurement of Exposure

- _— Biological Effects
mEANRENE 5 YIRS

RN S E(E

€ Deterministic Effects

BIREBIINEEE /Gy

T E M U : xgggﬁé?ﬁg 4y | BRI 0.5-2; B : S
e R 015
* Generally, a threshold level of dose exists. Severity increases %gfbﬂ? ;ﬁ(ig%ﬁﬂ: I;u_,"wﬁ
T TERR S ek g e
with dose. ( 5FES ) KAHES : 2.5~6 ;
=8 EMANEERET : 0.5 ;
BE, FE—NFEREKE. mEEEMBTIEENmEm. Han £ @ 1.5

* Once the threshold is exceeded, an individual shows the

BZBRIRIARIFERE /Gy

effect. g BE 5 KB | EEERE

. \ Al ERXHi% 3.0 5.0 7.5 10.0
—BBEEE, MBS IR IR

pEXgTL 5.0 7.0 10.0 15.0

vy 9% 7.0 10.0 15.0 20.0

R DEs 4.0~5.0| 6.0~7.0, 10.0 15.0




Measurement of Exposure

Biological Effects

ENEENE H W

€ Stochastic Effects:
BB
* Generally assumed to be without a threshold level of dose.
BELHESRE.
* The higher the dose, the greater the probability of occurrence, while severity remains dose-independent.
FIEHES, REMEHBKR, MEEEESHELX.
* Example: Cancer induction,

Bign: EREFX.



Measurement of Exposure

Biological Effects

ERRBENE YR

PDFIKE {REAIKF I RFEAK 4

4 —
ey =
MEATET- - g
P 4 SRS .~
DNAIR {5 e
Ny (kimEn W e
aprs = |

HTRIREE W,



Measurement of Exposure

BEHRENE

€ Total Dose

€ Dose Rate

€ Types of Radiation

€ Area of the Body Irradiated
€ Cell Sensitivity

€ Individual Sensitivity

RFIE

AR

ZIRER

2 HRERAL

TMEEFR

Factors Affecting Biological Damage

IR E R



Measurement of Exposure

External Exposure Assessment

SR ENE S EBEHE(E
€ For workplace

T TESH A

* survey meters should be used to verify that the dose rate in the work area is below dose limits.

£ IR NN G FI ERE R TRIE

Ee A [ mmam | aswmeso
3 [TGGL)
DT 1019 T [
i # (1
I e it CF
5 B 1 [l
% | TR |
9 [
E [TTCE ™
o R 8 1 [
10 I 0 2 #
T A 3 0
DRI 1 "
AEHENZ | W 08 Lo,
TSR K] " 0.08 £0.01
___J'rf_ﬂjﬂ_r_unl ] ) 008 001
AT | i )
T

3. CURR AL TAR T, O
Loe ks ivel e R T ]
s

A s R R AR AR N

Hi: TBFERT UMD R 1 7 YXLON FF3S MLk CT ER LR LA
ST MBS R ATF 2.5pSvh, R COEFEHAMBIMEE) (GBZIIT-
Y R R B




Measurement of Exposure

External Exposure Assessment

SR ENE S EBEHE(E

€ For radiation worker

XTENTEAR

* All radiation workers are required to wear a personnel dosimeter

to monitor the whole body exposure.

FEES LA RBAARBA AT, NENSSRRAE. Personal dosimeter
* Ring dosimeter should be used if suspected hand exposure is much nsks. raion PP AREN T
BHLE: AL mSv
higher than the whole-body exposure. ierinsrases o e
2024.04.01-06.30
§ o _ o _ = = / o 2! Z1.24012640134200022024.4.01-6.30 <MDL
MRNEFHRXENENEZELS TEINENEEE, BAK Ty Py < U/ )

2024.04.01-06.30
: b
: 2124012640134 @042 401580

NiZERIREFIEZETT, Sl T L

<MDL



Measurement of Exposure

__ Proper Use of Personnel Dosimeters
R RENE EHFMAAFIR
UST(GFY
€ Dosimeters should not be shared with others. " G Z )
TR AFIBMESEHMAER.

€ Wear a dosimeter at all times in controlled areas (the Eame side should face butwar_d).

FES T RS BRBA ATES (ZZEEH). L
ﬂist and f(hepeck. f

€ Dosimeters must be worn on the chest between the
PMAFIE N R EREPFIImEPZ BN E.
€ All dosimeters should be stored in radiation-free are

FrE FIETHEAE AR N EFRELRESN X,
@ Finger rings should be worn on the finger of handfﬁﬁ

MR RERRHMAFEY, NZRERESSHE

|
i

hen not in use.

ly to receive the greatest _

RFE,



Measurement of Exposure
Internal Exposure Assessment

N BRSSP

BEHRENE

€ There are several methods for internal exposure assessment:
B MRBMETTIE:
Indirect: bioassay such as urinalysis,
BTSRRI FED RN ITE,
Direct: whole body counting and thyroid counting.
BiEIHE: £ 5 THEFRIRRTTE

€ Consult LHSD for the appropriate assessment.

B TR RS R4 4 NIREUE S TR,
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Radiation Source

Sealed Source

ESTIR HEHE (23)

€ Sealed Source refers to radioactive material that is permanently sealed in a
container or has a tight cladding and is in solid form, excluding materials
within the scope of the nuclear fuel cycle of research reactors and power
reactors.

SR, ZIRBRTIREME HRRBESER R S, kAR ER S
HhEEH T EAEHEBESHESEMRL

€ The radionuclides contained within it emit o, B, or y during decay.

HABHBEAMERREREIEF S Ko, BHy.



Radiation Source

Sealed Source

TRETIR HEHE (24t)

€ Based on IAEA standards, classified by potential hazard to health and environment

S REFRRE T RVERE, RNRRNAENEEREREED X

« Category | (I12£) Fatal within minutes to 1 hour of unprotected exposure BRI T EAL L EL N T EBASET
« Category Il (112§) Fatal within hours to days of unprotected exposure TP N LN E LR T BT
« Category lll (lIZ§) Permanent injury within hours; fatal within days to weeks JUNE a8k A$5fh, R ELE T B

e Category IV (IV£) Generally no permanent injury; may cause reversible damage ATk A#ifh; TIeeEm ok E Hits

« Category V (VZ£) No permanent injury (activity = exemption level) SRk ARG CEE=ER%KIE)

- RTRABETRSEIMER AL (ARAERFRIPERASE 2005 $625)



Radiation Source

General Hazard of Sealed Source

TRETIR MEHE (ZH) HRE

€ Sealed Sources are primarily an external hazard, but would pose an internal hazard if the cover is damaged.

HETRE — R ESNRIF S, BMRFZH TR, W FERRFRE.

€ They present a potential hazard only when an individual is exposed to the source.

RAESARREBTRNEH PR (REBHE) , TSUREBEES.

skin
oy B

gamma rays Qradtauo
£ ) .A-.
L




Radiation Source

Control Measure of Sealed Source

TRETIR MEHE (Z) mER

€ Sealed sources shall be properly placed to avoid damage.
REWE, BRBEM.
@ Leak tests shall be carried out periodically.
TE X B R T R .
€ Security measures are in place, e.g., access control and video surveillance, to prevent theft.

ArENZERIEER (MNEEE, BERSGF) , BERHEE.



Radiation Source

Unsealed Source

ESTIR RS YR

€ Unsealed Source refers to radioactive material that is not permanently

sealed in a casing or firmly consolidated in a coating layer.

FEHBFEDR, —REFAKABZHEERENERFZMEASABEEENM

MR

€ The radionuclides contained within it emit o, B, or y during decay.

HABHBAMERREREIEF S RS a, BHy.




Radiation Source

Unsealed Source

TRETIR RS YR

GB 18871—2002

€ In compliance with national regulations,

f F* C
(R R B 3% )
A B T A 39 i ) 4

workplaces using Unsealed Sources are

classified into three risk grades (Ff, Z, |),

C1 A% H6 TAESH BT 2 %%

from highest to lowest T _
R C1 R 6% HE T AP B % & B S 3m K BR R KD,

B xR ERH WA R ERZA#HTER, ®Cl FEE TR A
% 7l H % R0 KB 1 & /Bqg
?ﬁﬁm@%é&m%§“1&ﬁ%$ \ Z\ szl\é&%IJo q:[ >‘1><1(.)!;
/4 2X10"~4X10°
B T E MU E~2x 107




Radiation Source

Hazard of Unsealed Source

ESTIR RS R R R

€ An unsealed source presents both external and internal exposure hazards.

&2 H WS Y R F B 8 SR ST N P BR S UBG

€ Exposure Pathway into the body (internal exposure)i S 4 B AN RN BIEF (W EE)

* Oral Ingestion (Digestive Tract)
Z0, JBHREREA

* Inhalation (Respiratory Tract)
2 ISELESLION

* Skin/Wound Absorption.

R/ O FHN




Radiation Source

HRITIR

€ Good housekeeping

€ PPE: e.g., lab coat, disposable gloves, safety glasses
€ Swipe tests shall be carried out periodically.

€ Place absorbent paper on the workbench.

@ Labeling: tools, containers, -

Control Measure of Unsealed Source

FEHBS VRN ERE

RN TR AR

MEBGIF KRR, FE, Z2RE

T HAFT RABHM,

HRIECHBERMEK

EHTeiR: IR, B8,




Radiation Source

Radionuclide

TRETIR MR E

@ Sealed/Unsealed Sources are materials that contain one or more radionuclides. A radionuclide is an unstable
isotope of an element that decays or disintegrates spontaneously, emitting ionizing radiation. For example.
H-3 emits B during decay, Am-241 emits o and low-energy v.
ZH/EBHEFVEASE — MR ZTHEFMEEERE. IHAMEEREAEN IR ERME, EREALMRE
RHAE, HFBERHERES . fl, H-3ERTHBEBRBA T, MAM-241NEERF Mokl 7 R IRy 2.

€ The number of radioactive atoms in a radioactive material will decrease with the passage of time;

Generally, the risk associated with a radioactive material goes down as time passes.

B MR RS R T NBESEE N EIMNER D ; —8eRE, KBS B &) 7 AR .



Radiation Source

Radioactivity

TRETIR SR

€ Activity is the number of atomic nuclei of a radionuclide that decay per unit time.

BEHMERR R RN R AR AN B AR ER TR T

Sl unit: becquerel (Bq)
1 Bq = 1 disintegration / sec
EFrE4AI: 1o (Bq)

Conventional unit: curie (Ci)
1 Ci=3.7 x 101 Bq
R f: BE (Ci)



Radiation Source

= B Radioactive (Physical) Half-life
RAEIR BSHEERE (178) +30

€ The physical half-life (TY2) is the time required for the number of radioactive atoms of a particular
radionuclide to decrease to one-half of its initial value through spontaneous decay.

WIBLRH (TY) RERFERFAMERENRTZHE, BEEARLTED ) EARER—3 AT a9 E

€ Radioactivity as a function of time:

‘ \ A=Ase M )= n2) /Ty (half-life 32HA)
SRR SRE N REKR:

Where A s activity, A, is the original activity, A is decay constant, t is time taken

Hir, AZRom (8] BE, A R-VEEE, NV RTARETER,  R-AEHNEE



Radiation Source

= B Radioactive (Physical) Half-life
RAIR BSHEEE (138) £30

€ The initial Physical Half-life of commonly used beta:

% FBHIIIL IR F 5= 5

Radionuclide Half-life Emax (MeV)
H-3 12.3y 0.018
C-14 5730y 0.154
P-32 14.3d 1.71
S-35 88d 0.167

Ca-45 165d 0.254



Radiation Source

Irradiating Apparatus (1A)

ESTE Bk E

€ |A refers to X-ray machines, accelerators, neutron generators, and devices containing radioactive sources.

WEFEE, TIEXE. MEF. PFREFBURSHHFENRE.




Radiation Source

RITR

€ When an IA is powered on, high-voltage

accelerated electrons bombard the metal

target (e.g., Tungsten), generating X-rays

through bremsstrahlung and electron

transitions.

BEBEHE, SEMNENEFREEBE (4

18) , BEPBESME FERIE~EXE .

Irradiating Apparatus (1A)

Nk E

Electron stream

Heated
lungsten

filament

Tungsten

target

-

/_- _H\ Anode
/
—

- ( Cathode

N

=

Glass
envelope

N

=
S/

X-rays



Radiation Source

Irradiating Apparatus (1A)

EIE bR E

€ Based on the potential hazard level to human health and the environment, IA are classified, in descending
order of risk, into Category |, Category Il, and Category lll.
RIFERNEEENANERERMAENEECSEE, NSERBHEZRED N 1 £, N1E£ NIX,
* Class l:Accidental short-term exposure may cause severe radiation injury to individuals.
| 28 SENET G AT [a) BT O] U 22| AT RN R = B AT (5,
* Class Il: Accidental exposure may cause relatively severe radiation injury.
128 S PUERZEI RA AR ER BN
* Class Ill: Accidental exposure generally would not cause radiation injury
12K ERN—RASEZHRBENARSTE BB

-RKTFERM (BLREDR) S CRERPH BEXRIEMITEFTZERS 20174 $665)



Radiation Source

= Bl Safety Guard of Irradiating Apparatus (IA)
AR S4%% B RS

Shielding

Rk &

€ Shielding/Barriers
Bk / B RE:
* X-ray units shall be designed with shielding so that regulatory dose
limits are not exceeded (2.5 uSv/h).
X HEREMNRITREEFREE, DURERAEIHENFIZMRERS
usv/h). .
* All ports of an analytical X-ray unit shall be covered with a radiation

shield when not in use.

DTRAXS K BN Em AAIFEERRE, DARENRREEE.



Radiation Source

= Bl Safety Guard of Irradiating Apparatus (IA)
AR S4%% B RS

Interlock

€ Interlocks

BB

* Interlock is a critical safeguard. The system will
automatically power down when the shielding door is not
properly closed, preventing workers from exposure to X-
ray .
ZERUEHERENKRERE. FkIRXAN, &
SR BmhE, BRARBIIERBEEXNEFT.




Radiation Source

= Bl Safety Guard of Irradiating Apparatus (IA)
4RSI P e

€ Interlocks
L BB
* This system should be designed so that the high voltage system is grounded automatically if an
Interlock is opened.
ZRGWIRITR AR —BERBEME (MR IIHITH)  SERREBERE.
* For open beam systems, the entry-door may interlock with the x-ray system.

MNTAMAIKERE, HARNSXNERFLILELH



Radiation Source

= Bl Safety Guard of Irradiating Apparatus (IA)
4RSI P e

€ Warning Signs
BRIRIA:

* A 'CAUTION' sign shall be posted at the room entrances where x-ray units are operated and at the
X-ray unit enclosure.
DI ITXH R &N EEIAN A R &P E Lok TR EETS.

* An approved operating procedure shall be posted on or next to all x-ray.
DI EXS 18 & ESH B KIEEAUE R RTEIAE.

* When X-ray is ‘ON’, the entrance light must be ‘ON’ simultaneously to alert other personnel.

SXFEAT T EUASH, NANERTLNETRR, NESHMAR,



Radiation Source

= Bl Safety Guard of Irradiating Apparatus (IA)
R S4%% B RS

€ Key control
SARLIEH
e X-ray units with key-controlled console should
have the key removed and secured when the unit is
left unattended.
XNTHAARER SIXF%ZRE, SRFLTE
ABENREH, SDIGARBR T HZERE.

Mg

H




Radiation Source

= Bl Safety Guard of Irradiating Apparatus (IA)
4RSI P e

€ X-ray System Survey
XE5¥ 2% 2 G
* The appropriate X-ray survey instruments should be available to survey the X-ray for leakage periodically.
WINEC 18 R RIXS e MY =s, FF B R & TRt R .
* Interlocks shall be checked at least once every 6 months to ensure proper function.
ZERPEENEDHNAKRE X, DURERAENELE.
* Interlocks that malfunctioned shall be repaired and re-tested before the unit can be operated again.

REWENKIER BV NELTREFERTNNERE, KEHTERRAETT.
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Compliance

Import/Export of Sealed and Unsealed Source

SMEE =

@ Pre-Approval EHRTEAt
* For the import (export) of Unsealed Source, apply to the competent department of ecological environment of the
State Council for approval once every six months.
A (HA) FRFBESMEDRN, S6PRBRESRESHREEZERBITHEM—XK,
* For the import (export) of Sealed Source, apply for approval to the competent department of ecological
environment of the State Council before import.
A (BA) BSERER, NEaEd#OnRESEESHIETERBITHI.,
€ Post-approval Filing EF&E
* Within 20 days from the completion of the activity, Import and using units shall respectively submit the relevant

documents to the provincial regulators where they are located for filing.

AETEZ BiEE208 R, 1A BAMERBAD AP EAMERRIES B E B RESHIEEERR .



Compliance

The Transfer of Sealed and Unsealed Source

SMEE S E A R L

@ Pre-Approval R EH
* The transfer of Sealed and Unsealed Source requires the receiving unit to obtain prior approval from the local
regulatory authority. However, for batch transfers of Unsealed Source, approval may be applied for on a
consolidated basis.
MESMH R AL, PR EANBNEEEMAREERIIRM, oKL IR RE WS TR, &6
R EFRRIA—K,
* Transfer is only permitted between licensed units. It is strictly prohibited for unlicensed or out-of-scope units.
N R R ANBR TEFFER AL [B%1E, 2 m LI sES Bl R it .
€ Post-approval Filing EF&E
* Both receiving and transferring units must file the approval form with their respective provincial authority within
20 days of transfer completion.
BN, BEXNTNTHILTHZHE208R, BRSMERVERRILFEHR IIREZSBMEMERESHET

LR



Cim pLance Administrative Review and Approval |1A
SR 9L BT B AR TR AR

) 7 N
. —— e R AT
PRI/ 5 CETE RS prashil
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FFATEES: EEIA. AARIBIN, EEEE
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Compliance

Exemption

SEE e

@ For Sealed Source, Unsealed Source , IA, or source-containing equipment that comply with the exemption

criteria of the { B BiaSHIF SEHELEEAfRE) (GB 18871-2002) , if the manufacturer, importer, or
HKUST (Guangzhou) has completed the exemption filing with the ecological and environmental authorities,
their on-campus use activities are exempt from safety supervision by the regulatory authorities.

X FHEERIFE (GB 18871-2002) BAEFAHNAXHRENAFRE, FHESIHARMN (HEERK
RE (TH) ) EZRESHERITREER, HARANERAISNTETHREBINZEEE.



Compliance

Exemption

SEE e

@ Such exempted IA or isotopes are not required to conduct¥FEE5 AT} or obtain a ({EBSFZE¥FIJiE) |,

nor are they required to participate in external radiation safety examinations. However, personnel must
complete and pass the radiation safety training course organized by the LHSD of HKUST (Guangzhou).
R EHLEREFIRMNREFTHTHERZEENNDE (BHRHEREFTIE) , BEFSMIMNPENZEEZ,
BARMEAEBNEARE (TH) XERERRSZELARNBEHAH R ERIIFHEZEE.

€ To protect the health and safety of workers, LHSD also recommends that operators wear personal

dosimeters and complete occupational health examinations.

ARPIAVARZHEFENRE, XRER/RESRELEEW LERBENBS MR M RIHZEENIMLA G
M AFIEANS MR ERER.



Compliance

Exemption of BRI TEM
EMEE 7S AL S

€ The following types of projects are exempt from the requirement to prepare an SREE I TEMN X4 and may
directly apply fora (BEHZEIFITIE) :
MTH B TR/ERFREZWEMN XM, TEERHIF (BHLEFTIE) :
* Adding Sealed Sources or |A of the same or lower category to existing licensed premises, without changing the
type of activity. (Includes adding new radionuclides or IA models.)
HEEVFCI RS EANBSIR/ N LK BN, ANREIEmNTHE, BN AE SR RIS RE R BSR4
*E. (SEBINMZEMEX. BIIEMESHARES. ZHNNEKE)

L

* At existing licensed premises for Unsealed Source, adding new radionuclides or increasing handling quantities,

provided the classification level of the premises is not raised.

FEEY TR SR TERAT, SR EMERBER, BRI EE R ORANEEE,



Compliance

Exemption of IR S ¥
HFOEHE 78Tt I S

€ The above-mentioned projects should not involve major construction work. They must be carried out within
the original radiation work premises, utilizing the existing radiation safety shielding, protection, and interlock
facilities (or with only minor modifications to the existing facilities sufficient to meet radiation safety and
protection requirements).
ERMBANFEERETIE R, MerFRENLEZFRR, FARFHNENZTERK. HIPNENREERTR
mMAB (FANEFEEHETEHENSENERERERHALEEHIPEKR) .



Cim DLIS nee Radioactive waste disposal
5 AR E BB R 4L 32




Compliance

Basic Radiation Safety Code
HFOEHE EHEARE T

& BREERIHREN, MENEFEINE (B € Radiation workers must contact LHSD to register
ZEFTIE) BiFTSEE R #ETT before work.
All radiation activities must be covered by a valid ARMNEEN TR RXEERRES &L #1T

license(unless Exempted). i
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Compliance

Basic Radiation Safety Code
B EHEARE T

& AXHETFHX (EFHZEITET) FHRAE € REBEHENRERE. R REXE, TEHRLEA.
Be familiar with and abide by relevant Post clear radiation signs. Establish controlled access

"Radiation Safety Work Plan" zones.

when red
o
1 \ light is on




Compliance

Basic Radiation Safety Code
B EHEARE T

¢ HERENHHMRMATRNEHTEILIRRE, € SRESMHEEVASEBLE, NHEALRERRSER

MIRABHXEERRSZEL. S #THIE.
Notify LHSD in advance for any transfer or Radioactive waste disposal is prohibited without

decommissioning authorization. Contact the LHSD for collection.

EIRMES BE (G S8
SR x5




Compliance

Basic Radiation Safety Code
HFOEHE EHEARE T

€ Sealed Source Coding Card: To be archived for long-term preservation. Securely attached to the source

container/equipment. Transferred together with the radioactive source.

BERmIET: BEFHE, KBRE. SEEHR/AEEE. EUHERELREDS.

A
B EE D]

TOREL: £ B H S
EE R
EAGR T
e

EHR IS
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Emergency Response

Sealed Source (Leakage)

R 2 Mg R HEEE  GHE)

€ Assessment & Initial Action & S# 1750
* |If a Sealed Source is dropped or impacted but appears intact, maintain distance, retrieve with long-handled
tools, and contact LHSD for testing.
AERE S . BEENNEEY, RIFER, ERAKRIRERER, FEARLHSDRHITIRM,
* |If the seal is damaged or dosimeters alarm, instruct all personnel to evacuate immediately. Then report it.
ERHEEMAFIEMURE, B EARRE, HFHikE
€ Access Control and Assistance IRz ak 115 Bh
* Guard the entrance from a safe distance to prevent entry. Assist the response from a safe area.
S5XEEFRF—ERETHEE, BRNFRFEEIREAONBEERECERN, BELTRARHEALRE, £%
EXEFFHMPINRNA,



Emergency Response

Sealed Source (Loss or Theft)

R 2 Mg R HEHE (EESHE)

& Report R4
* Report immediately (020-8833 0110)
M AR E
@ Assist in Tracking & Search hBIEEESE T
* Support the Emergency Team in locating the source by reviewing surveillance footage and issuing search

notices.

EEaN2/NEABRTEREERE. XBFHFERMNFANENERNFIFETE.



Emergency Response

Unsealed Source (Spill)
R S0 K7 EBHBAEDR GHR)

@ Spill Control (Liquid) HEiIEH (G&EE)

* Evacuate Immediately. Close ventilation and doors to allow
aerosols to settle for at least 30 minutes, then Report (020-
8833 0110) .

FrEANRNZABMELEE. XHBXRAE, iILUSKRIE
E030050 AR E (020-8833 0110) .

* Place warning sign at the door to prevent entry, wait for the
emergency response team to arrive.
HEITAMEEEREREMARNFFNS/NANEIK,

* |f safe, confine the spill using appropriate materials
HERLE, BEAEENMEHEGIHER.

* After cleanup, site re-entry must be confirmed by LHSD.
AExE, MR ERIFERILHSDRIFIA,




Emergency Response

Unsealed Source (Spill)
R S0 K7 EBHBAEDR GHR)

€ Area Decontamination XIH&i5
* Wear gloves and protective clothing.
FEHFEMLLR.
* Use soap, water or other appropriate materials to clean up, start at periphery and work toward the center.
ERIER, KEEME SNBSS, WIMa A#TTERIS.
* Do not use scrub brushes. Survey continuously.

wERAE AR, .




Emergency Response

Unsealed Source (Spill)
R 2 7 EBHBSHENR (GHR)

@ Personnel Decontamination A RE&5S

* Internal contamination: report to LHSD.

BREHR REGLBRERRSREL.

* External contamination:

2N s

- Remove and seal all potentially contaminated clothing in a plastic bag.

BEMBINERY . BHEHMANEZRIZIFREHLT,
- Gently wash with detergent.

FLR AN &5 F/K R B T A

- Check for contamination using a survey meter or wipe test.

i B B A B S B I 1R R 75 RUR

- Avoid scrubbing vigorously to prevent aerosol generation.

VMAARIGERER, AR EBRERARAR,



Emergency Response

Irradiating Apparatus (1A)
R 20 R SRRE

€ Accident Risk Description =R S HEiA
* Interlock failure or damaged shielding may cause accidental radiation release. A dosimeter alarm indicates a leak.
LERPRENE, B, EE TERS T AFIERENABIRE SR Ut FENELRINER.

€ Emergency Procedures NAaRERF

* Immediate Evacuation BHMBEARMNIBELRE,
* Emergency Power Shutdown X2WE,

 Reporting &

« On-Site Security WIAHER

« Device Inspection by manufacturer before restarting. I XN EBHTEERE, G ETTREA.
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