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1. 5680 Rl iE 5
(Overview of lonizing Radiation)
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1.1 st Ba 5T B IE I F R 9R &Y 2 70 BF

(Differentiation between lonizing and non-ionizing Radiation)
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游離輻射：


能量最強，可破壞生物細


胞分子，會有累積效應


非游離輻射


(


有熱效應


)


：


能量弱，不會破壞生物


細胞分子但會產生溫度


     


非游離輻射


(


無熱效應


)


：


能量最弱，不會破壞生物細


胞，分子也不會產生溫度，


亦不會在人體或生物體產生


累積效應


0 


Hz





5)3?%E$E§1 Eljfl?.% (lonizing Radiation)
ﬁm%‘li—i% S{ER - FEAEASPERN
TARE - B85 EU'FE'E - H S B F ¥HYIR

% . LB &k - o LGEYIE EE R
TARERVEREY - TH A FREIRE -

(Radiations with energy high enough to cause
ionizing of a material )

> IEh7 Bk a5 E’QKFE%(Non-Ionizing Radiation)

ZEBREEENN10eV(E FR1F)~10keV
FVE MR IRS - ARILSERS FTE AREEE
ARDIEEEERNYEELERFY - HLCHE
Z5IEERERET -




> I i3k i Y
DQE;)E?%EEE %TJ E,‘J *Ei?éﬁ(Categories of Non-lonizing Radiation)
= ZMRUV - EEZBFEE A>200 nm(EAR) A ERIEE )
= aJR’J(visible light)
= #T9ME (infrared, IR)
= EHi(Laser - BIFERIMR - o] REFAIMR=TFKER )
fl5BZ B3 54 58 88 59 (microwave and radio frequency)
fix {EC $8 &5 4435 (VLF )
A7 &5 35 (Electric field)

OJERE iRV RYRE =99 - A ELIRIREY)
e - (BE0JEEE A

(Possible Effects of Non-lonizing Radiation :)
(1)EAXIFE  (Heat Effect)
(2)E 41 BX & (Electromagnetic Effect)
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lonizing
Radiation
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Form

X G

Wilhelm Rontgen

v 4

(1845-1923)

B~ HER(H )

B+ H&R(IET)

{e] LR T

H & M (1852-1908)
HH R4 Henry Becquerel (1852-1908)

LR TLE
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1.2 MRt iR RYESE
(Mechanisms of Producing lonizing Radiation)

> 1:/;-( *E %%(Nuclear Decay)

> %ﬁ?éj]«ﬁﬁﬁ(ﬂectromagnetic Reaction)

> 1‘2-(& E%(Nuclear Reactions)
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= % (Nuclear Decay)
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o IEEF(positron)Ei & &+ (electron)

HI B SR 30E
- BARESEE EHVIE

(PET(MI i1 )

F Bzl E =% (PET)

¢t positron 1EEF
¢~ electron BEF
\ v neutrino fHHF

7 quantum/photon
(511 keV) 3 (3F)
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 ZEREEEHEET AR T
By & X H4RTE L

A nuclear decay (or called nuclear disintegration)

usually accompanies with the emission of y-ray
and X-I"ay Cs-137 needles used in Brachytherapy
T
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I:]Half-]ife not, yet. aeasured
|:]Nucljde not yet synthesized

Tsomer with longest half-life
Small rectanlge: GS half-life

—
=

| = o] Wl W= 1| O] ~=]1] CO| O

Z

S % |8 2] |8 2 |5 29
0.0148s |@8.021s |@.125s 9.187s
P 2 |P 26 |P 27
9.0489s |0.8437s 8.26s

9122 |5123 [S124 |81 2

0.029s  10.04235 | 0.14s 8.225

a1 21 |41 22 |Al 23 |Al 24

9,08448s |@.859s 8.47s 2.053s

ke el e o s =

Na 21 )¢
22.49s

Ne 16




w0
o

o
o

co
o

L]
¥

N
e
@
i)
=
>
-
c
e
2
o

co
P

U-238 (46-232)ch%: & & 7
(Decay Series of U?39)

The Uranium Series (4n+2)

N

The Spy Killer

14

Anti-Tank Bullet

Ra-226, Used to make
luminous watches in early
1900s and the cause of
bone cancers among
radium dial painters
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5 (Sub-atomic World)

- £58 (Quark) &

Six quarks identified
& F (proton)

8o

Te

Mass
1.7~3.1 Me

- HAth (others):

uiTF, I F,EF

UK EZiENFHRYE

E.liﬁllb\?‘(*E u]dlslcl b,t)

b+ (neutron)

2 _+
i A

=

Mass 4.1~5.7 MeV

MPF, p lPF, W PF

—Lilkea



« REFAIHSFR (Sub-atomic World) ’
- FEHETRH S SEEXNF

There are various sub- atomic
particles existed in the universe
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10f85F

& E5(Singularity)
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o I 1% 2 RY58 [E (Radioactivity) - E52(8g) Bk [FE(0)
number of disintegrations per second -
. C,(Bg) = A(sec™ ) x N, (FFEE)
A(sec') =22 1R E(Ci)=3.7x10"E 5 (Bg)
decay T(¥zH9) = ST B

constant “— half live

1g B9Cs-137 ZiE(EHFRHIA 30 &), M H %
153 8 &% /0?7 (Radioactivity of 1g Cs-137)

C,(Bg) = n 2 X 1 x 6.02 x10%

30 x 365 x 24 x 3600 137
= 3.22 x10 Bg = 87 Ci

TRB01g B9Cs-137 #4E - HIFER 3.22x 10" Bg (HE
RE7EE) - IENEEMER 3.22 x 10" RFEE . TRED
HEMESRYE 3.22x 107 E%H0.622MeVHIXF
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ELE SIEER ] e

The radioactivity of a radionuclide follows the
exponential decaying law

Ct
/

_ At
=C,-e

E= i

-

|
=B (Ci)=3.7x10"°E 7 (Bq)

BUREHRE—

(disintegrations/sec)

R —

#838 =&~
...... i

R
RiBmiE+F=RE
R

AR R R
HA 2R A X SR 2K o

HA R0 A R 2R 3
IEE,‘J]-/ZI' ’ At t=2T1/2 ’ C=%CO

In2 L
A=— t . RIEIGE
f 1, Decay time
s \\ N P4 d—H
=i e Bl ==5¢E
Decay Const. Half Live

At t=0+ C=C,
Ean1/2 . At t=T4, C=%Co

AEE,‘J]-/S ’
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£8 fi2s J11E FH (Electromagnetic Reaction)
o X-51#R (X-ray Machine)
il &) EE%TJBremsstrath}mg X-ray 4%'@.EE§TJ Characteristic X-ray
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1‘ &E:(Nuclear Reactions) BagsmE
G13E - 1293 RIS (n,p) :

(n,@) ~ (n,y) * (en) ~ (n)...
o 7% (Fission) :

235U + Nn—=FP1+ FP2 + 24N+ y+... 5.
/ \ / = H B 44 3 BUARAE 4D e
Neutron  Fission Fra ments $ 001 Wi T8
131 137 . 85 . 0v .
thy MR SRZEE : 2 2/Cs ~ Kr~ %Y ~ .. L] 25y Fission
S—EAUNPERENT FEEERANLAMED T - BERMBUESS el

B (1LA)MREBKE - ERlPFREEREZEREPEZZEHIFRIE - 70 90 110 130 150 170

o 1ZRi S (Fusion) :

fission fragment

‘H+*H — °*He +'n

‘H+3H — “He +'n

EEEMEARErTokamak
1z et S HE 7 fESR



1.3 R R ET V4T IE -
> TR (Decay) - M HEROME BN T E

Ex
1
>
+
=
5 1/2
©
O
O 1/4
DCE 1/8
1/16 |

ponential Decaying Law

=il

B—(E B B=(E B
LI PEE

PR P EEH

BOHIRE (FREREER)
ERASRE ¥=H
Radio-nuclides Half Live
%Co 5.3 years
B3Cs 30.0 years
Sy 28.1 years
2] 73.8 days

3T1/2 4T1/2 .

M MEEEN %Eaﬁvti%
EREGEZENIME




> »%ﬂﬁ(Attenuation)—
el oI IS HREE 2R EET=
BESNEHEEZFEZBMNW

W‘UZ %ﬁ‘ﬁ(a)

L

| o
J// i % (Y ) #E%EA piece of paper

e e ;
i3 = e S I e s
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4

T,

,.

22



]_4 ;}j’;’%ﬁﬁs %T_l' E’\JEEE‘FH(AppIications of lonizing Radiatiifn)

1.4.1 55 & & FH (Medical Applications)

2= AXE - ElaEfEER2(cT - SPECT - PET..) -
ﬁf(%]‘ 4 58 7 (Radio-therapy) GEIZHE A - EIRIRET) -
Z BB (Nuclear medlcme)(,'?,??@."* 1‘2%1%} %"‘ )

Al
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! ]@Fﬁ(lrradiation Applications)

,.=|.

Bingt 2P TIREL

. B .
Irradiation technology for applications in medical, agricultural,
and industrial products

A B B A g 8 R




ITHE EERNEFRREF R

(Typical Check Sources Used by
Lab. and Industry)

A = ‘ ' EDEESE ] +FH

m‘ﬁlﬂ-l ; m E’J*EEQTIF AR E._IJ FE = *Co 5. 3}"
(Check Sources) (B - mE) “'Cs 30.0y
BREIETRI6E( 2 %Co 5. 3y

IV ©Sr 28.1y

HEETH) 197 Cy 30.0y

192 73.8d

8 5.3
SR T - .
82|y 73.8d
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6

(Other Industrial and Scientific Applications)
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1.4.4 1‘2’(‘5‘5 é% (Nuclear Power Generation)

PR BLE EEEN
— >k 2400 E

— sk 44005
— R AR (65007
— BB 22005

IS —

i)

Turbine

f 7 uEmEs

2351 + FP1+ FP2 + 24n+ v+ B +...
PR G n+y+p

ol mESHuE  \_ iweosds |
® IZE il =2 AR K i/ = o 12k ch F Y g FE g =R

o izl FIHE T LA FMEHBNEIR o HINE KL/ SR E/EES




BEEZERERX Z2HAFTEN(REEESNES2024t8,

Ref : https://www.nei.org/resources/statistics/world-nuclear-generation-and-capacity

MiGEE2023F E L)
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B =X

= 94 96,952 779,186 18.5
)7 56 61,370 323,773 64.8
h 56 54,152 406,484 4.9
R ZEHh 36 26,802 203,957 18.4
FEE 26 25,825 171,640 31.5
ENE 20 6,920 44,646 3.1
MEKX 19 13,699 83,465 13.7
S5 15 13,107 0 0
HZ& 12 11,046 77,539 5.5
5 ] 9 5,883 37,278 12.5
FapESF 7 7,123 54,371 20.3
i £ 6 6,944 46,648 28.6
EEHE 6 3,262 22,382 17.4

HihB Xz BNEEERL &E1E(6) - EERIES(5) ~ 23EA(5) ~ Batk®=(5) ~ @A FI(4)
Imt(4) - BAIAKAE(4) ~ FURE(3) ~ BHZERR(2) - Bf(2) - EmFlEE(2)........

=p 2 1,874 17,154 6.9
R ARt 438 393,351 2,552,067
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1.4.5 ESEE\, -'til%lﬁl:l (Consumer Products)

Ll

OGS — SR Py R A T B RS

el ”’f?é;ifﬁ;ﬁ?ii’;ﬁ;EZS:?‘;””“’ E?ﬁg1 ~*ﬁ%§ smoke detector
f 828 (Smoke De 241Am)

=R EIRIE
(R#A/U ~ Th ~ K)

KRS WEER ~ 30 B A7 MRS P 5 WA RS
TR BES— WA -

m-241) SR - $5-241 0 H B W F i
‘Tﬁﬂﬁﬂlﬁ'ﬁgl* RIZEMEE R AWM - (F6]
6 P\ 0 18 83 P2 2 8 9 0K O 402 O 7 ) (5 7T S o
W BT RARENALD B RSy
LR Eoiil EoPNuT o]
=050 " AR EREeE
LEM - ) - —BEGRTHEREERS
TFR BRI TEE -

F M IFEAILIR
($RHA226Ra - #THA 3H
147Pm)

|¢

¥

v

YT {5
(8512 R Th)
AE#Y
(K,

Gl
(R#AHIU ~ Th ~ K)

U)

FiRERHIE

RAWFRAFERTRAD % (Glas
|E-3 (M) (H-3.Tritium)
2038147 (Pm-— HEBDALHEASREN

MEESD - THEOERFHT!
#sHOER  WEEED=RERE
ERERERWRHRS AN - B
25 58 0 O IR 1S O E £ TR U S A
F-A0MEL-232 + T ﬁi)ﬁiﬁﬁ‘
MmAEREAE 7
B R IR ?F‘:‘d 2328
[ B 8 Index
refraction) «

Promethium) B3| - 1970
SELABTRVE S R R

ﬂﬁﬂwﬂﬁﬂﬁﬁ‘f?mjm?‘

75 - FELRE-206ET BEM AL A
AREF BT
4 5 L O R

- BIFIE

RO FATIT 6 0 BSIR

TR 2 1m0 3T 7
EEREREVBRENR rd
B

- BExl

TSR
{EMa9se - s m -
A EMERE
TR - 2. R R
B9 IR




1.5 IR IRIR PRV ot R &Y )

(Sources of Environmental lonization Radiation)

P b - %"‘—E‘Eﬂﬁ

uwv-B U -A

U -
100 —280NMmM | 280—315nm | 315 —400Nnm 9
Ourter space
w
¥ ¥ ¥ R
Mesosphere

[ Adtitucde) | - rlonos g here
S50 kerm -
Orone fayer iIH w Strotosphere
15 ke -
- 3 Troposphera

& %&\)\ﬂ% E =S
h (ﬁ]Kdﬂ

F AL Eith -
. % e

a2l - -
R E“E‘.-;af"' o I%f@*ﬂ
= = Q
[ HEFTIER E-E RI=iE 75 4 B < d\I aturally existed nuclides]

| smzzpy uZssmse faTh 22essess Eaom st =\ SeURadon |
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—lRERRERRAEA GRS RIED HE
The distribution of the averaged annual radiation dose from
natural and man-made ionizing radiations for human

Man-made
Radiation

Natural g2
Radiation




151 55;5?‘@5%?} (Natural Radiation)

SR (Radon)- RERMEMERAS (o A EZIE) -
= EMANEL Y1238 -

Radio-Radon - ??’Rn ~ ?2°Rn daughters of 238U and 2*’Th decay chains

I7 238 : m.‘-.'.ili 5 : Pﬂﬂi ,ﬁ 37 Pk | & : m.‘-‘..]l} & : Rﬂl}.‘ﬁ o H.'-.'EE {_:EEEH 3.8 i]
m.‘-‘.ﬂl 5 REEEE ﬁ_ : ..-élﬂuﬂ ﬁ_ : HEEH 5 Rﬂﬂi & HEM EEEEEH LS.6 ¥

giukda %EEEEJ%B’%E"‘EE’JE FEL -
EMNZSAITIENEAZHm - SaxAL
-_J;?E:xaﬁz:ﬁiﬁﬂ  MARARERHFT ZEARIR -

pERNME - BEAARZ BRIRIR - ZHEMKS
Rl ZE16 - ESFHEEIER ZME - &
ARETRS -

L4

]

zy;
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B. BEIRYR 28R 5T - £ E S EH-40(K0)

A commonly existed radionuclide inside the
human body — K#° (Potassium -40)

(IR

> ARRRREANZ0.2%R98 - H90.012%HY
tH-40(FRHA 1.27x10°F) B 8 WMEIEZIE -

> ABHBYRIRD - & HR

4 - ERAR P i
s N “ [; 'Iu

S ZHH-40 - dd




C. FHYER (Cosmic Radiation)

34

i 0.05~0.09

EEMRITOGEER ZFHFREIE
ngh-altitude Flight '
AR (1E) HERE (M) l
A=## Taipei - New York 156 uS\;_‘ T B | | T AL
&1t = fIRRTS 99 | Eﬁ%j ?ﬁﬁu
CERS-r 93 ok AY ==
ait=fseiE 72
A1t=8% Taipei- Sydney 48
&t = $Fnik 15
At =2 0.67 @ sl
Alt=2k Taipei- Kaohsiung 048 0.12~0.14 pSv/h
Rilt=8m 0.23 | E . e
At = A 0.13 = 011~0.12
%Iﬁ B 0.07
B 1000 FEH -1 B 3 y -
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D. it FREE BT (Terrestrial Radiation)

pittRIWTIERES A B RANS H1ZIE- #(238U) -
£1(232Th) ~ #H-40(40K) - Fedd - fiZ?'%:'%VE 0

P ARME I ERMEREREZARIME -, oo
AEEARNMREN SRS - S0

AMMERMZHS MR e

Ly

o e EEETE(S. 731072 Ba/g) 042
B EE | O g ! 0.45
¥ -40 | #H-238%7% #-2327R% i ,
0.20 Vb
i 14 .89 0.80 1.2} Ny
; ¥ _ _ vk, o OB S
i} i 18.16 o 1.62 048 ¢ o2s
fik i 29.76 1.93 2.47 A
- - mos 0.39 7 U
L 4 1353 0.35 0.78 ol e s,
55 i 10.78 0.48 0.85 036 % e
G i 038
AR AERF 12.11 1.45  Jl 0.36" L oy 0.32
f 0.71 0.11 0.10 G
1 0.39 (
- S = 3.90 0.11 0.29 = i = :
0.38 \
= 1.97 0.17 0.21
E & + 5.58 1.06 0.46
KV (A) 10.00 1:73 0.78 B :E&EH/F

K ¥ (B ) 6.01 1 R7 0.65



p it R X B R EZ R o] geE s s IR E IEA
BIMBARNBABFERRIAEN ZEIS K
Natural Radiation dose (per year per person) VS. countries)

World Ave. USA Japan Taiwan*

B 7 HREY £E BA =
T 5 AR 0.36 0.28 0.38 0.27
R M) 041 0.28 0.29 0.55
INVET (BESMER5Y) 0.77 0.56 0.67 0.82
8% 1.26 2.00 0.56 0.83
$H40% 0.36 0.39 0.47 0.33
Vet (RN ERST) 1.62 2.39 1.03 1.16
a &f 2.40 3.00 1.70 2.00

« UNSCEAR: BiSBIRFIEFHUENEZEE(1993) mSv(EEH)
KERFEEESENREER - HEBABFERRABEHNE 1.6 mSv

3h & 5 B =X 2 18 FHIS(EMFE) 2=5FFH s7 AR
mSv / Yr BY {5 24
88 Ramsarm 6~360 3~180 LEZHEHE
EE KerralaB+EHE Fig 13 6.5 ;@;gg
Espirito Sant 0.9 ~35 175 _RE
Ef Espirito Santo AR 2=
KpE wBERBELUE g 3.8 1.9 L=

&= 120 60
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1.5.2 AEEE%TJ (Man-made Radiation)

B iR B (Medical)
2= X0t ~ METHaE - ZEEEY)

B. TEE KX IR (Industry)

%BE35EE - JEMRIRM =R - BEERT -
ZEET - EALET - IEEBRXL...

C. REHmEEH (Consumer Products)
"R EFEEEEE - Bl

37
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1.5.3 £RIRIR RS IR EE AR

(Radiation Exposure vs. Living Environment)

- BESIRIE (Environment)

z (2 .
o . = Y5 mam %iﬁ
{-HW&J**—JD_ = = r"Jjj I‘\' ™ .mi'l'- y .
S o il 222 (Medical)
e e oY S

Products)

T{EZR/EE=E
(Laboratories, Industries, ...)




TETRERNEHRESH 7
Radioactive Contamination odustrial Products)

S :
1\
&0 3] { " =1
IS = S
¥
y i
s 1

1 PEEREE T R H AT RS =
R | 1995 | 1996 | 1997 | 1998|1999 (2000|2001 | 2002 |2003 (2004 [ 2005 | 2006 | 2007 | &5

B ¢ | 4 | 5 | 3 130157 |14 16 |22 20| 33 |51 |211
B4l 1 | 1 | 4 | 9 |05 |25 (14 17137 |14 |26 |&5 |z201

s

SEF| 9 | 5 | 9 |12 |18 |40 |21 |31 |29 |29 | 34 |59 |116 |412
H=2 PEERETRREHATE DRIAR R
ﬂ”ﬁﬁ 1995|1996 | 1997 [1998 | 1999 | 2000 |2001 |2002 |2003 [2004 |2005 | 2006 | 2007

=1

S | 5 2 4 l 3 a l 4 2 2 3 3 32 | 72
FfE*1 l l l l 2 4 0 4 3 2 2 4 7 32
Hiferz |3 2 4 I (1s |28 |20 |23 (24 |23 |28 |30 |FF 308

=] Q 5 Q 12 |18 |40 | 21 | 31 [ 29 | 29 | 34 | 39 [116 | 412
it I EEEEERE
2 Bie S AT R B Rl TE
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ARENEE R BT EIHMFAECRY

(Dispersions of Radiation are of Great Concerns Against Terrorism)

9118 &M IE/L\BITIBE
RER M ESH

W IETET e | s
o MUETHE T4 Bl BLROIE

Vo

(R%3& : Dirty Bomb) [ o il Bt ¥

CEER | e
CNEETRE

B Y RICER 3
- /RS B
_ < BH{EEYE sl




2. MRt iR RV EYIUE

Biological Effects
of lonizing Radiation Exposure

41
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2.1 EEE’?EHEIJEE{JEﬁ(DEﬁHiﬁDHS of Radiation Dose)

aaaaaaaaaa

1 Gy (%Eﬁ) = l_lt::ul /kg (FE /‘f{l‘“ﬁ)

\\\\\\\\\\\\\\\

aaaaaaaaaa

1Sv(A®) =1 HG}{{}( WE (W,: S5IMiESIERS Radiation Welghtlng Factor)

FRETIELR ICRP 60/ W,
KF 1
FEEEZEFRMNF 1
thF

<10 keV 5

10 ~ 100 keV 10

100 keV ~ 2 MeV 20

2 ~ 20 MeV 10

>20 MeV 5
B5F 5
It - HHEWEE - EZMT 20
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EMEIE E(EMI : #3E) : Effective Dose (joul / kg)

23 B ol 4H 48 ICRP-60
(Organ or Tissue) W,
E = Z HT 2 WT IR (E5EHR) Gonads 0.20
T/' 41 5 8% Red Bone Marrow 0.12
i #5hm (KEEEZ) Colon 0.12
N ESCL —
ﬂ?%ﬂ%g & Stomach 0.12
= 5 BEBY Bladder 0.05
Equivalent NEIZEE | 718% Breast 0.05
Dose AN e ver 0.05
s &8 Oesoph 0.05
. 278 Oesophagus .
- B = Tissue
ANEREEE | | (Cohting | ##8 Thyroid 0.05
EZIAERES Factor B & Skin 0.01
= ‘*%: = F 3 - :
gfgﬂ%g%% B HERHE Bone Surface 0.01
2 /\hH : HEf#l 9 Remainder of Body 0.05

ERIRIR : ICRP-60(1991)
B B B 2 A RW %5 FHICRP-60



SR ASKiE
BRI B, ;gégéggg

>iE5H (Irradiation) : ABREERS  EEFERR  egms
RRIMEHISPRAEMN ZRE - - !
ABERIRT Z1REEY -

» ;52 (Contamination) :
AREEH i NIk A Sk
BARGIZEMZRREN 2
BB - SREE TSRS
ZHERL -

IS AR ZIRGIRE - H
IRIRRBRENEES

B2 4 58 (External Exposure) -

rr

REREAEBBAIEAEE !
(Internal Exposure) - Heiht = 174cm

Weight = 71.1 kg
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22 IR REEZEREE

(Health Effect of Radiation Exposure)

DN
e B 8 B LA B2 B L BRI AR W) 4 =
i+ - SRR EEE R lf |
DN*AEEZ U RE—S e ) Hﬂ _jg:a_g_e ,.

E&t\ﬁﬁ b ¥ __.'FI

Chromosome Variations
caused by ionizing
radiation

S 1
Direct DNA damage

B T 2R SR B Dicentric chromosome variations
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(Sensitivity of bio-molecular cells w.r.t lonizing Radiation)

CELL TYPE PROPERTIES EXAMPLES SENSITIVITY
(URFEIRE) S 1) GBI ) BURE
I. Vegetative Divide Regularly, Erythroblasts RH4T 1N EK =
Inter-mitotic Cells | No Differentiation Intestinal Crypt Cells &% 4H0E (High)
Germinal Cells of Epidermis 3274
4R 4
II. Differentiating Divide Regularly, Myelocyles ‘5 Ea4HfE
Inter-mitotic Some Differentiation | Hematopoietic Cells 3 [ 4Tt
Cells Between Divisions Spermatogonia Cells ¥5T-&ffE
Connective Tissue
Cells
III. Reverting Do not Divide Liver Cells  FifigH&k4HpeE
Post-mitotic Regularly, Thyroid Cells B R IR4H 8R4 A
Cells Variably Kidney Cells B4 2k4Mpt
Differentiated
IV. Fixed Highly Differentiated | Nerve Cells AT AR 'f&
Post-mitotic Muscle Cells  FJl. RI4E &k 4HAE (Low)

Cells
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P& ERE(Genetic Effect) : iEginlse B ERABEENER
RE . FERSABNZTRERIEIEZEHSY - ERRE0GEERE
BEENEMBVER - NIKREFE - SRR - BE - ZWABHE -

» 4 B2 2L FE (Somatic Effect)

(L& Z B3 E(Whole body acute response) ¥l F &5 :

—REIE(ZEFAFE) — AR FEARER B (symptom)

<10 mSv O] REBEAR - (HIELRESNRINEETOgEEEE -
100~250 mSv |&8E P MEIKAVRBEEE R -

250~1000 mSv |oJgesd e BBy M ERE{EGHE Tk - gImIkiE /) -

BIGARGIERVEE  BEAREEREZFE -

1000~2000 mSv|EEE * B0 ~ BHIRZE - Mk H#HEEBMEk

B EREBLEE -

2000~4000 mSv| 24/MSAEIEL ~ &L - BURABIRE - ERERA I

B3 BERESABESMEI - OJEESET -

4000~ 6000 mSv|Eipy &R - (EREARBRBIERE - E2~6EAIET
(Lethal Dose) |#E&50% ° (50% probability dying within 2~6 weeks)
>6000 mSV HiE S eaE - ST ES100% -
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» 5 EBEESE R FE (Local tissue acute or delayed response)

KB AT - IRE - mEEATAE - #£8 - 8% - AUN—IRES -

IRES Keafe® 5 AFH L EZIRABISWIRBERMERKX - LIRE
IR (BHEES) - SRBEARE - BREATEEXMA -

EMEEE |ALSHAENRE @ HENBA/EE - RIWERIFE
MiRZ#E - Eig s MMINEE - Holge SR M EE (KRR MR) -

HIESRE |RBEREEZ2EEERBEL - BN - BERBELRTR - /N5
NEGAEK  REBERZBER - AL M(AZR41ED) -
BAZEERI - EISSIRE - I 5 B 3SIE -

BARER  |URRMEER - 3 e R IEHIFBRICHE - #-1311RA AR - Bl
WIRUT - EFRUE - BOEETHEE - IBURIEHBRCH TS
REE - o se SR PARERE -

FIEEEE | BFEA—RER S5 AF LU LKOEERKA AR - BIERE

S RBEEYTRE - XFRREISHNA 3 %k - BIXSE
SHEEZIFFEOIF - M2 RICIBEERRE  J6h8 - BIAZEL
EREEHRFRR - BERMARIREERPESRE AXE
HM2ERZVPEFIEE - ZEHEFHTEBRNARBU -




> & Eﬂﬁmﬁjﬁﬂgﬂﬁtbﬁﬁ(%lﬂl EmSv) N

25— RS M REL4000~6000mSy
7 — O%Ha?ﬂi}_W%t(Lethal Dose)

EE—ANZMHIREE
1000~2000 mSv

- 180 /& I/ 1 BK 5L B Pk {8 12
12,000 mw

% 1000

HE T I Bt 5 Jﬁ%‘!“’*ﬂg
Typical cancer treatment total dose

20,000 ~100,000
60—

R E’\’\%'JZOOO

IDEEREAR
Ehﬂlﬁmﬁ‘ﬁ 16

iE%%%ﬁEIﬁ%ﬁ(PET) 7

-mﬁrﬁm;ﬁ 7

%ﬁ}ﬁjﬁ% EEEE?m}Eﬁ 2

;;ng 30%& @30 &‘; T ’ A%I:I%X:'c 0.01
Occupational R13 /% - \*:;f‘\’ ﬁ a
Dose limit d -0 “%%@

20/Yr gff' | —
Nt B "/?5" o EREISMRE § tew

atural Background. 4nn.,a/ dose limit for general ?g%

1.6~2.0 public], 0 /Yr, T/person

/Yi/Person V52 B 0.015/4F

E 5 0.005



3. Xt R EFHEE

X-ray machine and shielding

50



51

= EX-F AR A M iE

(Two Mechanisms Producing X-ray)

MR BT il & 5
(Characteristic X-Ray) (Bremsstrahlung X-Ray)
ETHEE T RBFARM RN NS B T 1 — B TR TAR SR B A I L A

FF#

@ BF
@ ©F hy
-k-ra

)] < HHIR
B < fF
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XFAHEAERE
(Inside of a Typical X-ray Machine)

6}—

§k%%@/><:iﬁ\.
Massive Anode >
s ~

Primary Beam

-%%%E<$

Focussing device

=44 5
Filament f(ERTEER
Filament Supply

C Y S SR : I_'.—I K\ o B 85
ﬁ%ﬂ A‘no e. S g TR 3 K..‘__?.:*u-i—! JEE 3 Eaj:‘
Tungsten Cathode Outer

// Confinement

=EE

High Voltage
+ii|||t|1||1'a[|!

T

= BRBIE R Filter T
SR BA O &P Shutter Tube, Current

B HEeVERsTE s \ J
Useful Cone”
of Radiztion

T

V

e

Milliammeter



ARIEMER T LIESED
(Inside of a Typical High Energy X-Ray Linear Accelerator)

4

R MEw  0ES
3 L

14
AERTE

53

EmpesE X

.Y | TL

/

\ ! r
L

T
|

A

“I
|

RIS mpeatisnain
7
Wl
o A
7 10 wRE
11 YIRS
s Wi 12 ERERE
W |
- VL L )
A : A1
19 BFERS y A
15 THIEHRIER — o
e T £
FoRa

nnnnnn




L) Y |
,j:i.%i[‘! i e N R
\/

a
mE
e

#

c
-
Q
n
~+
M
-
K

Spectrum Il T L 8
TR eV

54

Direct Tungsten (W) Spectrum at 100 kKVp
52,3 keV

Counts

End Point

Energy
{kVR)

TE B BE o4 100 106

0 B 12 18 24 29 35 4 5% 58 B5 T
Energy:ha'ﬂ

AU F v 2cEn 7 Bl

A EAMEFEEEXSE

— { —
B F S T T L
VAT 1T [ 32131 ] .
=] e L | : '| A KF" i
Molybdenum £~ 1= e I
- ! || lSaZ

Target f- Kb
Spectrum =T [PC

A(A) ™
Spectrum of Mo at 35kV

KpB and Ka2 will cause
extra peaks in XRD pattern,
and shape changes, but
can be eliminated by
adding filters.

--—- is the mass
absorption coefficient of
Zr.



HIA G GEREAS~EE

(Inside of a Typical X-ray Diffractometer)
REXREE

\ S [
tungsten filament f’

/1 w7 i g i w T,
>}
cooling g 7 7 ,/)
water [ -
7 to transformer
ll -

\
N ——
Vacuum —\

metal focusing cap

Braggs' Law
Zdhkl sinf=nA

: BATR @& (hkl)Z M 26

P ABOHAERTFEZ A
D B4R R

s XHIE &

==~ =

55




=R ERERBEEE KE

L i ERFIXIER R

(Typical Anode Material of X-ray Diffractometer)

Copper Bearden Holzer et al. Cobalt Bearden Holzer et al.
Anodes (1967) (1997) Anodes (1967) (1997)

Cu Ka1 1.54056A | 1.540598 A Co Ka1 1.788965A | 1.789010 A
Cu Ka2 1.54439A | 1.544426 A Co Ka2 1.792850A | 1.792900 A
Cu Kp 1.39220A | 1.392250 A Co Kp 1.62079A | 1.620830 A
Molybdenum Chromium

Anodes Anodes

Mo Ka1 0.709300A | 0.709319 A Cr Ka1 2.28970A | 2.289760 A
Mo Ka2 0.713590A | 0.713609 A Cr Ko2 2.293606A | 2.293663 A
Mo Kp 0.632288A | 0.632305 A Cr KB 2.08487A | 2.084920 A

»  Often quoted values from Cullity (1956) and Bearden, Rev. Mod. Phys. 39 (1967) are

incorrect.

—  Values from Bearden (1967) are reprinted in international Tables for X-Ray Crystallography and
most XRD textbooks.

»  Most recent values are from Holzer et al. Phys. Rev. A 56 (1997)
» Has your XRD analysis software been updated?
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(Typical Medical X-ray Irradiation Room)

Exit Door AR SITE T Lead Glass

Scattered

I

- =) Pri
Pl

X-ray Tube
ey TR B 1;(31?
- ructu
K N design

NCR

A%

'RP-147

£
5is X-ray

cilities




l}}lilf‘

= RIR M XA S &
Open S stem X ray lefratometer

SSSSS

w1 BT B TUXTE AR B (=
Cabinet X-ray Diffratomete
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X7t HEN PRI o] ge R S 2

(Possible Radiation Dose Rate Inside a Powder Diffractometer)

powder diffractometer I BIEREEN SR

Direct exposure inside a X-ray machine

tube  10"R/hr | [tube  10° R/hr may cause severe injuries
r.anode 10°R/hr | |r.anode 10" R/hr 1. 5553E/ K EXIE Skin burn
2.IRBKIBE...... Eye injuries...
[ columnator / /\ Ejdﬁ: ye _]U €s

monochromator
+— (H cm

tube 10° R/hr %’\B

r. anode 10° R/hr

&

counter

iZF:1R~0.87rad (ZE=®=) = 8.7mSv (y, £xR) tube  .001R/hr
~0.96 rad (AB8) = 9.6 mSv (y, A2 ranode .01R/hr

BBINHE ~ H=E 2 mSv/yr ~ 200 mR/yr ~ 0.02 mR/hr
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4. ir5 B SEAR

(Radiation Measurement and Regulations)
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4.1 BEARRVERF (H 1R 3 [RIE

(Basic Principles of lonizing Radiation Detection)

= - - § IR
TR - o B ®
Sommma) O |mammcrs O - v
§ HER)E
o B 4t 4% § TF
s %»
= T iFl
|
RRINIEES FEEEREs
Gas Detectors Semi-conductor detectors
ESBRRERB PR - E%T%%&#Zéﬁ%ﬁﬁawmi
SRR EMHENE FEEEFE HENE » EREFREENEE
AP TENEI A R Z%%E@%/n% R e &

Z BT o
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4.2 N EREAI MG 1575 A=A

(Detections and Measurements of Internal Contaminations)

EX =il

(whole body counting)

o] Hi##BREINTRIREAF 2B RE
B - BEENSH x 3 yIXERAIEE

=SacEpZET R fl= -

oy 7

mIfE

EX=fpl

F{EmthiE

(biochemical analyses)
FEEHENARYHEE(Z®E - k- M
RE)  BIBBEESEIBEMUEA -
BUWEEZESRNEE - IEHE
ERER EESHE O IRS (B y
X) BRI 5T M A FE -

rEEEEST
(chromosome variation

fﬁ//? \i \:'?\‘r( \:j‘_ A
i

-
T =<

)‘X\{\

& Wﬁ‘#




4.3 A BERESME = B H

(Detections and Measurements of External Radiations)

&_‘- .
i FEEL =

Radiation Survey Meter ™ s,

63



Automation und Messtechnik GmbH

Dose rate measurement from 1 wR/h to 1500 R/h
automatic or manual range switching

Dose measurement from 1 R to 1000 R

Dose rate warning from 1mR/h to 10 R/h

Dose warning from 1 mR to 10 R

Energy range 20 keV to 3 MeV

Detection probe removable from unit: easy operation
in all usual applications

Modern electronic circuitry using CMOS
microprocessor: reliable, low power consumption,
rapid and problem-oriented evaluation of

the measured data

i & ses  szinTomAT 6134a 9|

aukomess

SZINTOMAT 6134 A

UNIVERSAL, PORTABLE
SURVEY METER
FOR GAMMA RADIATION

Seanbilbtn.

64

Automation und Messtechnik GrmbH a'lh“mass

@ WIDE RANGE OF 0.002 mR/hr TO 3000 mR/hr

@ EXCELLENT ENERGY RESPONSE OF 20 keV
TO 3 MeV

@ SMALL SIZE - LIGHT WEIGHT
@ VARIABLE METER RESPONSE TIME
@ LARGE SCALE - 270° DEFLECTION

@ FOUR STANDARD D CELLS - QUICKLY
REPLACEABLE

SZINTOMAT 6134

DOSE
RATE METER

SQ\AZ';%/;'
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EHBESEHIER ZPIE (e & B RANSEE 2 P BN (E 1R

The Gate Detector installed at The Gate Detector installed at

a gate of a radiation control harbor, airport, industrial
park...
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4.4 IR 1508 5y B38|

Atmospheric and Enwronmental Detectors

Mﬁﬂﬁkﬁzm@%ﬂ E24 5l

hﬁ%%
1% _ IRt i 2%%@%%@%.
7 - ‘:1



4.5 HQ %T_I. 'ti E§ ;l'SI' ;E: ﬁ%u (Control of the Radioactive Wasfc7e)
> T ERAEIE- BT RS 1

Radioactive Wastes were originally from weapon development '

The Story of Atomic Bomb

World War-11 = German Discovered Fissions

-

L:m, D:0.71m,

—>Albert Einstein urged U.S. President Franklin D. Roosevelt

—Manhattan Project &. J. Robert Oppenheimer

0.7% 235y Conventional explosive Gun barrel
90% 2*Fu
10% *°°U
MNATURAL URANIUM WEAPQONS GRADE URANIUM
Composition of different enrichments of uranium.
- Hollow uranium "bullet” Uranium “target” spike
METAL TUBE URANIUM

CHEMICAL EXPLOSIVE

o

]

CHEMICAL
EXPLOSIVE

s

URANIUM

THE “GUN" TYPE DEVICE THE “IMPLOSION™ TYPE WEAFPON

Nuclear weapons of the fission type.

- o . .
FOROUS ~BARRIER- Uranium for "Little Bovy" was enriched in
. - enmic 2 : 5
Separation of uranium iso- 'nED 4 calutronz and by gaszeous diffusion at Oak Ridge,
topes by gaseous diffusion. «—d 4
The uranium-235 atoms pass T Tennesses.
through the “barrier” more
readily than do the uranium- — g -
238 atoms. Thousands of such pemCTio Neo
units are connecied

TR G54hey B AZ F A T IR $ 5 M AR R AR s AR A



Little Boy (EE—E.%J?\.?FEE) 68

the first nuclear weapon used in warfare. It exploded approximately 1,800 feet over Hiroshima, Japan, on
the morning of August 6, 1945, with a force equal to 13,000 tons of TNT. Immediate deaths were between
70,000 to 130,000. the first nuclear weapon used in warfare. It exploded approximately 1,800 feet over
Hiroshima, Japan, on the morning of August 6, 1945, with a force equal to 13,000 tons of TNT. Immediate
deaths were between 70,000 to 130,000.

Fat Man (RIF[R &)

the second nuclear weapon used in warfare. Dropped on Nagasaki, Japan, on August 9, 1945, Fat
Man devastated more than two square miles of the city and caused approximately 45,000
immediate deaths.



69

» EFEEFYE IR (Nuclear Power Generation)
- 2EeRE EXE

o SRPREEEHR
High Level Waste (HLW)
and Medium Level Waste(MLW) & H,J_,)
. {EREEER
Low Level Waste (LLW)

-HttE T EmE MR

B9 TAE AL
. g R (EREEER ,
(ZBEBIERSEER)

BB EMERALE
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» 13 B 4 BRI B9 ZE £E (Generations of Radioactive wastes)

BETRAESEERAMIREMSAogEEENGEE o
(Radioactive wastes are generated from various radiation applications)

. ' = N e T
B8 PR -[rnE
EER T
IR A R85 58 BERREEI SR e
I \ - /
REAR — \\\ — |
v y I
P2 A ERAEA |
= 3
| [mAss 7 A rd L
~ BEHERE R
r N
| EiEREY WA
- ]
H B A BE
3 ’ . 4 —
ErEHE | [wmTransy | [eensnse AR IS
v ¥ [ 3

B X




<h

>3 B Y BB 14 RE S B AR
(Radioactive wastes are controlled by the governmental level)
| -

o B m J

t

: 1|
[ #7nsene | w = e |
s b s
T ] o 7 & EMEH D0
] ®
]
f; I " LR - IR Ed ;II.]
%N | - § - | Ll | LI
it | | F - I Y —| |= 3
i | | o #l |®| _l = K
- l "‘ |* ‘-1 -
{ﬂ'ﬂﬁ'l'iii‘ l ; l?| ?. ; 1I|
Wi & MAmbeaFesgddomiEness
B s & 1x T - T

E—W — Ay s .;L-!L&I-ﬁ.-—

. i }——I_ (& wm}-| sl

£L
. L5
IE = & — B8 |_,‘_J
®

' T
4 AR T ‘ e
EEATF+—- ntqmi-ﬁ'
oS -

| ST SR PR Y



4.6 In5I R 8 2 AR IR IE

(Regulation Limit of ionizing radiation)

P> i3 Bl B 59 B o A — e i 4B F BA RS A T (T AR Al

Nz B IR B PhRE 2 2 1R 4E(2003.02.01 B4 HETT,
2005.12.3012&])
p F & = PR {E (Annual Dose Limit

T = 05 = (= A 8/ F
=0y Pl Feemia ki (ms/v/\?)

Tissues RHNEEAES
(Occupation) | (Public)

HIME R 2 25 50
EEOES (ANEE) |@Earsss

IK I Effective dose | s£159/1\3820)

HRBkOK AR Bs
B L B RE 31 Eye

fEatE fi&E 1l 48 4
NEEE




piEASRISFT ZRE

(Regulations w.r.t. Wearing Personal Dosimeters)
FKEIR2002F ARy "hFREERFIPAREIR 1 B15F - K

N

73

HiR2008F 12512 "Rt sa S P AEITARI o SB61%

REUT -

1) TEAE—FZIERuGEEBFEARERETSTZ=
B(REHER/PEINDR) -

Kenfe 2518

=743 150 &=

=5 -

)

HAWEIEAR 6 2R - IRIX

B4 50 2% - KBRAUKZSEE
- EEXEHEH LIFABRSMERIE

—— A

_{EZFn = A BBl =5t

2) EXFREILFAEBRECR 1EEE"$1IEIA"”EIJEBEI +7
Z=EB(ERHERILENNDR) SUILFRREANNEE

BIAEEH -

J’Hﬁﬁﬁﬁfﬁﬂ bR 5l = (3R) BT =R
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A2 LRt iR N R IBIRIEZIRE
(Regulations w.r.t. Handling ionizing Radiation Device at
Academies and Universities )

RIBI T EME ROl B2 LGRS R IBRIEABEEIRYNE
(2009FZETRR)E3FFRTE :

rEE@%&EE’E%E@#’%AETEE'F?@%T?T%VEEJII@% - f&15
- pEFEER C KERREE 1T1T1ﬁ?%’f§%’f§2$§(§ . Eﬁ%AEE%E °
- EEB&F’% mon] ZiR B PhREll 4R 5B 2 B8 -
= - EREREIER 2 EERT - FEERMT I EE EEE %Eﬂ_’&[‘?‘ﬁqfﬂ_i - BEH -
M- EZEEGEIGEZAE - |

EIEABERZEFERSIENE ‘ET%"“E,&;H’HEE‘J & - BIERS1E
AE?EEIJZTH’E&F?&%%TBBE%E - (BIRIFEERREX TR ZZE
TT%EETFE&ZHQ%‘H&% ‘ET?"“E,B?H’HEE‘J &5 - NEESEA
BEEEEEMNRZ -

BIRIRFERF REFHERE - KEASIOR=NEG - .



iR FEA B TIFI&R 2R E

iciziir e R FIPHE L =R EE(2005F 25T hR) ELOIFIRE
(Special Rules for Protecting Young Trainees)

T+ AEEH )\ SIS EMHEEN B TEIGE - HEAFESRE -
KFEIZIRE - .
(L) BYUBEERSEIE 6 SHE - - LIEARN
(2)IEER7K R EE v ZEEI SR S42338 50=/E -

() EH MR T ZEE SR ES88 150 =F3E - |

PR LI IRE 25 B ZFRE
(Special Rules for Protecting Pregnant Workers )
iz b7 e Ea ST Ph e L 1R 2E(2005F 27T hR) B 111% :

"EERFEEXHEFTFAESHERZE - BEIEEETFRG - £H
Rhnsia R iZ =2 E — R AR ZiE5IPAE . -

"R HEF TIFAR - HRERERGEE FMERAZSERSEALSER
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Basic Principles of Radiation Protection
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5.1 iEIMRES A B ZFhE R Al

Principles of Protection for External and Internal Exposure

5.1.1 BEI ZFhE R Al

Principles of Protection for Internal Exposure
p5iE (Time) : 4EFEH i85 5 PRYE B IE

p=il(Decay) : TR RRREEEHRESG
[l ( BER 8% 7R B9 B TR

et W‘%}

==

» FE it (Distance) : TN 51
ﬁgﬁlzpfftﬁﬁﬁ:zﬁﬁii :I._:
=

» Fiiii (Shielding) : EF
EA W FERM R




5.1.2 BSAREZFhERRI

Principles of Protection for Internal Exposure

»[E%E (Blockage) : FHAEM S E LR
BORAEAARARRE
NIREPRER EM SR R E S

+ RZIEIRUY
AOIRA -~ EINHEH -

piHEE(Dilution) : #I R TRMNER
ARG ERNZERVKMAKRKERE - (EH?

2o LAEZ KRB KB E

A[-’A

HEAE

E?E

gy, 7K A

P2 HERURRE

7384 (Dispersion) : = REHSEMNYE

" ERRAEMEDH -

» [#55 (Decontamination) ; NN%&55 8§l &R
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5.2 EETER BN S IRsIg s &

(Calculation of Radioactivity and y Field Strength )
» i5 5458 € 2 R il (Radioactivity Decay)

- IFEIR A EE (Exponential Decaying Law) :
EEFMEZZIR A SRS E 2R P R 2 L R iR 55E
E - FIEINEREARARGRZENEE
_. In2
G =Cye™ 1STS t RERE
i R A %zﬁéﬁﬁ T
BE(Ci)=3.7x10" B (Bq) .= il
& A 5R ¥ =
Co 53 &
B7Cs 30.0 &
0 28.1 &
192 73.8 X




pINEENISEEZESEE(ER/ENTERIER
n'I' *F\Z*EE_C)

(Simplified Calculation of y Field Strength)

y FREEC : BE)
/- yHIREEE(MeV)
0.0053-C-E

H =~ (Sv/ h)
/ {"!1'*‘—-——-.%__(_%__

MERBEHSPZEIER Bl O R 2 BB R (A R)
( EFHE/NE ) 5
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:II:IIII'

I: T EABSFEISEPRIE S50mSv = 0.055vI s -

FTESE% 8 h/day x5 day/week x 50 week/ yr

= 2000 A
| 2 ZPR{ES 0.05 SV/2000A = 2.5x107 Svw/h=25 uSv/h
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( Potential lonizing Radiation Sources at Campus)

> RIS

( :j_ngz'ﬁ‘:tj)

- B

hdzzﬁ

1R

EiEARINI-63 :

(T..~100y - B-~67keV) *

== 7=

eg {o] G

H {th

> BRIFol Rt iR IR
- 90 BB XS

D 128 WAYKr-85 :
(T,,~10.7y + B-~687keV)
R AP ST EUEAAY Cs-137

e

1E ¥R
ARYZ TSR - 40 .

» XIEi R G5 %

R T{’Jﬁmﬁﬂfiknf
Uiﬂiﬁt
-*x.W%Tﬁ*ﬂ_JE’V‘E/ﬁ?

RiEZEIREETH
- ﬁm%ﬂémﬁ ax R 1E
- T B ME S Sl U EE (1
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5.4. #4558 (Conclusions)

=T ) AR AL L)
EETERSEER FHORR R
| an-made Natural |
@%ﬁmﬁa&ﬁ%
Radiation Sources and Fields
\4 A\
Internal Exposure| BE N R EE Ao SNEREE |External Exposure
v | .
WB Counting 255l R FEBESNECH] |Dosimeters &.
&. Biochemical B B Survey Meters
Analyses.... MR EEEETHT RIEEHEEES

EABIMNESPEIRA - BFRE =R EEE RER
EARANESAPEER] - [HE W8 o8 Z %]
s iR A PR R AN ZE TBH AR JE

Personal Protection Principles + Facility Management and Regulation Control
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