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l1kgm?s?2=1],1gcm?s?=1 erg
# 50 ¢ 1+ (calorie) = 1 gk # 5 1°C

1 calorie = 4.18 ]
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= &+ K(electron volt, eV) : — B 7+ 111
Ve £ 4vid 1 mps » o7 KL 41 B 5
2ZiE =leVe

s 1eV=1.6x1011]-

» 7 % & & i (binding energy, E,) :
eV(sh & i) T keV( M & s ) o

s P23 TR E R ~8 MeV o




B 7 v 1n T oo e LAy 3 4F A
| PR R s g RS = I QLA

<% 'K (keV) | i £ (keV) | 248 | it & (MeV)

H - 0.014 ‘He /.1
Fe | 6.40 7.11 | 2%Na 8.4
oMo | 17.5 20.0 | Fe | 8.8

AW | 593 | 695 | %sr| 87

oPb | 75.0 88.0 |!'Xe| 8.4

U | 98.4 116 | 26U | 7.6

LA T+ KT+ r ek LK,




| kamie £ SR FER K

«— Increasing Energy (E) = Increasing Frequency (V)
I{IF‘* ullﬂ MIF“ m'” n"' m“* n” ulr'“ 1{}“ m“ ]In"‘ II{F |In” v (Hz)
Y rays X rays II Microwave FM‘ Long radio waves
Radio waves
1 | | - | I | | | 1
(VRS [ R (T 1{}"“ m'* : :ur" m"" w1’ 10° 10° 10° 10° A (m)

I -
-
— =

el lncrﬁasing Wavelength (1) —

- il

Wisible spectrum

In-:reasmg Wavelength {J'L} in nm ==

http://upload.wikimedia.org/wikipedia/commons/f/f1/EM_spectrum.svg
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‘.h Xk 273 37,(1895)

discovery of the X-rays £ & |

Wilhelm Conrad Rontgen
Nobel prize 1901

féf!/&‘ﬁ;

From: http://upload.wikimedia.org/wikipedia/commons/0/0c/Wilhelm _Conrad_R%C3%B6ntgen.jpg 6
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From: U. of Wash. Environmental Health and Safety
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Calculated X-ray Spectrum 100kV, Tungsten target

Tungsten
characteristic
X-ray

braking
radiation
(bremsstrahlung)

Relative Number of Photons

0 20 40 60 80 100 120
Photon Energy / keV

http://www.arpansa.gov.au/images/basics/x-spec.gif
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- # T #c(attenuation coefficient, p) : ¥ >4
%"/3%12(:;. [4rCmeig cM2)p E it Bk F 2 R 4
R as s o

s [=Iew; B s [ aleu i B
B iR X S gk 5 3 R (B]decm2 s71) o

» X ik (half-value layer, HVL) : % 3+ % & %

R ER - EHFOPTER > L TE

frink 3 ek Bk o p = 0.693/HVL -
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‘_L s 2 1. (1896)

the discoverer of
radioactivity along with
Marie Skltodowska-Curie
and Pierre Curie

Antoine Henri Becquerel

Nobel prize 1903

http://reich-chemistry.wikispaces.com/file/view/antione-henri-becquerel.jpg/31422587/antione-henri-becquerel.jpg
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‘.L WhH S FEHZF IR

the discoverer of radioactivity
along with Antoine Henri
Becquerel and Pierre Curie

the discovery of the elements
radium and polonium

Marie Sktodowska Curie

Nobel prizes 1903, 1911

https://upload.wikimedia.org/wikipedia/commons/thumb/7/7e/Marie_Curie_c1920.jpg/330px-Marie_Curie_c1920.jpg
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s AZ 28 W FFHched F 8o
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n 4t (4n) 232Th —...— 220Rn —...— 208pPb -

[ | é;,% ,J! (4n+1) :

% %) -

m 49 ,f‘: (4n+2) .

BINp —...— 209Bi(#r4 & R %

_, 210pgy —, 206Pp -

M ﬁg,fi (4n+3) :
s SH14C :

235 —...— 207Pp «

ToH bR A F R P UNTER S &

L F (A A QA6 RE) PR T b 0K -

-
9]

238) —...— 2%Ra — 222Rn —...

15



i i fa % % B3

s RFE>83 0% &

226Ra
4.785
4.785 4.602
94.5% U2 5.5%
Oy
0.186
S ' = 3%
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42K
_ B
B 2.00 MeV
18%
3.52 MeV
0 Y
8270 % 1.52 MeV

42Ca
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i i fa % % Bl Gm3)

FF 68 s B ® AT I 4 E(EC)
22Na

2.842
2 mc?
10. 2% 1.820
B"/ 0.545, 89.8%
1.2775

Y % 100%
\ 4

22Ne
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o3B3 deik E(cyclotron) @ | # i g dei#
LS AT = el )ﬁfﬁ,ﬁ"f"—; » GlAe T F
PoOHeR B R P % 2 e
7}»1‘9\’:}-)”\}"3—, Lﬁ‘ma}»f\/‘l Sv ) HE—E‘_;}?/E\‘
[ nb%“ LS KER LR A
» FREE(reactor) : mEERSIERE
Fﬁﬂﬁ@mﬁﬁ, AR R
3%k BA e 3 l/t‘—a—;}ﬁ‘”};
4&%Hkﬁo
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3 bt A e 13 22)

B F S deiR F
HICd + p (12~15 MeV) — 1In +n
A RE

® oA NERE:
235U +1 n_)236U_)13].I + 102Y + 3 n
— Mo + 13°Sn + 2 n
— 137Cs +%7Rb + 2 n
¢ P FENY)F R
>9Co(n, v)%%Co, ?*Mo(n, y)*°Mo
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s 3B 138456, 02x1023 @ R (~ )+ o
s FE C1E A R(L)FHF 25 R(4)F
€

« Wft 0§ 4 E R STPOC, 1atm)T > 1
PR s %*"m%*"f‘ £ 22.44 (L) -
m ER 1"[//‘/1476//‘)313--—/{7‘?‘53
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ScaHL g T fg R

v/

» %% % #c(decay constant, A, H iz 3 st): g H
RN RE AR E R %mbﬁ—f N
ML A - 1‘*’ ﬁ TR 0 TH 2P
FRRERIFERULEL > F 2R

o X it (half-life, T t),) - st fAE %1 R
R - LR ORER %a_% 3% B e
L Hp o> A =0.693/T -

- -}{_&/TI\'-I—*':‘%@ R“Nl]}*" L -HP 24 }%-,__J_gg:g j__l_lg;z ::
Fo Re(1/2)N 5% 5 R K eheo
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= R (Activity)

ER R RRHES T s R
Ir')i(A) A }LN’, ‘:Jkp \'%#ﬁ'{’N?&%i
%Hﬁﬁm@*&o

BR #g TE 2 *iﬁffl“*i‘fvfé&+~ﬁliff’313\
A 2R ’?‘f‘ REP o FHRB-PMNETF -
HEHMERFRE CEFRFEZLE &
(Bacquerel, Bq) -

2. 2 (Curie, Ci) : R B RE = =X 510
226RasE & - 1 Ci = 3.7x1019 Bq -
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i R+ BB RS R 3 BOR
N/N, = et=(1/2)N

0 4 8121620242832
P 7 (hr)

1

0.1

A ¥ ¥ P

0.01

0 4 8 121620242832
Fe Y (hr)

24




i §2 bR & iE 5 A R (1/2)

TSD & B
snl:time (2R = 0 t)
= S: shielding [Ef»ﬁ&' » ZUNPB X &
R B e A8 R LRk e(1/2)N]
= D: distance (E%E-,&&i' 3o ko)
TSD)%!BJ%} lgq_».& /}Ek‘ /gf' }'ﬁﬁgﬂﬁ]ﬂ& ’
%?%% 5 22 3 4v BE S RUBE SR o
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i 58 bR 545 5 E(22)

o 3f (ESR BT TP 0 SR SR bR
=N S A g;@ﬁ %/iTSDD}i;z B o

F = B Da‘ﬂdecay(f- %) - x @——
B = A2 Hp o B B S R R S
B8 oh R 2 = o
s FEENBE M > ER(RE)
5 5 R ken(1/2)N o

h—\

¥
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W Ao
1.1

7 #L %k : ICRP Publ. No.
30, Part 1, p.33. (1979)
2
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L N RS e 0T E)

ikl
Hpr | @z D W
T(d)| F |T(d)| F |T(d)| F
(Ig—P a |0.01]0.50.01|0.1 |0.01]0.01
=0.30) | & |0.01] 0.5 |0.40| 0.9 | 0.40 | 0.99
(T-B ¢ |0.01]0.95]0.01|0.5 0.01)0.01
D;.
oo | @ | 02005/ 02|05 02099
p e | 0508/ 50 [0.15| 500 | 0.05
(D f | - | - 1100410 04
g | - | - |50 04500 04
=0.25)
- h | 05|02 50 0.05 500 |0.15

%3} 4 ;& : ICRP Publ. No. 30, Part 1, p. ii. (1979)
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* BN R & SR EG33)

ME=Z2Z— BHIHEABBARBAGERMBATHAHEEE
A ZARAHEZE  h(@(@EB/R3L > Sv-Bq!) -1

% AE 32 F- BN IR oA IR &
e wsl | fi | h(@ym | M()sum | Fy h(g)
#1.(Hydrogen)
7k 12.35F 1.000 | 1.8x10-1
(Tritiated
Water)
ARESN | 1234 1.000 | 4.2x10-1
(OBT)
4% (Beryllium)
Be-7 333 % M 0.005 | 4.8x10-1" [ 43x10-1" [ 0.005 | 2.8x10-!
S 0.005|5.2x10-1 [ 4.6x10-1
Be-10 1.60x10%%| M [0.005| 9.1x10? | 6.7x10° | 0.005| 1.1x10°?
S 0.005| 3.2x10® | 1.9x10°®




| FRE MR B

NCRP Report No. 160, lonizing Radiation 2006
Exposure of the Population of the United States

Early 1980s

Occupational / Occupational / industrial (0.1 %)
3 industrial (03 %) ‘
\\\ﬁ‘“ Consumer (2 %) Consumer

\ Medical
\(15 %)

(2 %)

Medical (48 %)

Early 1980s 2006
Collective effective dose
(person-Sv) 835,000 1,870,000
Effective dose per individual
in the U.S. population (mSv) 3.6 6.2

74 kiR http://hothardware.com/News/US-Population-Radiation-Exposure-On-The-Rise/
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Radon & thoron
(background) (37%)

Industrial (<0.1%)

Occupational (<0.1%)

- Consumer (2%)
Conventional

radiography/fluoroscopy

lntervemional
p (medical) (5%)

(medical) (7%)
7 kiR http://fanaticcook.blogspot.tw/2011_04_01_archive.html
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‘.L St REH(R A

% 51)

‘ £ B E(ETS)
o % >IRTFES

F R 0.25 0.38
FohERAEAPA 0.01 0.01
AR R R 0.64 0.46
FEAREMNPEARE 0.28 0.23
5 222 0.44 1.20
4 3t 1.62 2.4

TR KRR G E o IR 1] 23(3): 433. (2001)
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o

iﬁ%zﬁz(radlatlon source) : 4y ﬁi E I et A

2. Rk #k%ﬁ#? FAFRHEHRA
23 F B E(nuclear reactor)

TS E-2 3 EECGE LI 3L RIS FLE S

.E,T7 ;W’Fﬁo
. TEAMREHRAE  HPTERERE L
TR )ﬁl-*’}"’ﬁ%i';}z » A 2 PRy 5t 2
<k -
C ﬁ—?ﬁ}%% ’ﬁ.__)a__Ejéﬁj{ “‘;’;"J'/J-’rﬁ};‘;
SARIAHL )RR BL KD
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o vt B

BF dv ik ;,“,;.(particle accelerator) AR R R
e FRBPFIR2ZEEINE o

~—

m T F vk ,?,;.(betatron) T RE O N
o F e BRI LARIMBR ISR o

m E M AviR ;?,;.(Imear accelerator, Linac) : #

AT BB MY iR o F R E MAvik BR

boid (e T R > ¥ LA A XK -

3% 3 4eik F(cyclotron) @ ¥ * ik B35
LB R ER R T R N EHORES G
o~ MR iak o~ P A
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i“‘%‘i}%z

s PEPEAH
Ex: 252Cf N 244Cm N 232U N 238Pu_’2§_
» FREFEEAHA)
Ex: 23U +1 n—2%U—-131] + 102Y 4+ 3 n
i B p #ickeV: 42:%10 MeV » T 152 MeV
s k@ FR(XEy, N):
Ex: 24NaBe - 116InBe %
o 383 ek F(64e(p, ))& (o, N)¥ F S
Ex: 3H(d, n)*He ~ °Be(*He a, n)?C%
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i 5 AR g B

RS (HAGR) S RS T RREY
WA A PRI 2 aﬁ&iﬁ:%ﬁ“ ke s SR B

R AT 0 BHET A LAFRE M (o B
v~ 3 "3‘);»’:3 b ds b (4o % oA
Rk~ ek F) 5 RExa T 0 RdpE %Flﬁiﬁa
Boo (3L — A F s RF RN )
»15eV it 845 H51-5eV)-

¥ e E <10 keVy o B E T

|

J
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praan g R T ERFRE(EF TR
dro s PER)E R RMREGE T lﬁ_iwfﬁa
doX sy s B3 8 )l S AR o
RiFAMRnE A 3N (RR) ¥V HE
BA R RFEHGE R P deX)
BREEHE RPN F o o By F
4 S AR o
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TRk ! bldva o PFEE(Z )
2 RAF L BlhoB 0 &0 EAR( P W) 3 L R
Bit s S EFIZL HBESEL -
kF X2y MR B Y B 2 H

D
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F I3 b
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B TE R R TR

:g‘_;}:{i. EE OLIEEARL LAE A X R F kT (oo
RRTAN  ERA AR BT A

FaEET (fFstap 8 d B4 - gt o
L iFr 34 ’E‘A}—a-(—krw}\é\—a-)_} » @20 A iV MER
A p(dep b A EF LT S RERFR) MLAP
FHF R A B AT > orig X antf o

UXHEHRT 0 Y23t P EEER > 1/35
A PR E ﬁf’ﬂ D F 2 abtARiE R ok
B RIMERHRER S 4 o
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i DNA%T 2|22 L & 2% B

s DNAY %74 » i § 7 8d 0¥ — IF 5k
@ AR IS AT o

w §5 54 W DNASTH S » T EATEREFR 2 43
BERAL W%aﬁl ° "»‘? R d BRI EY
N (d|centr|cs) H z%;(anaphase bridges) ~
53 (rlngs) 2 (acentrics) -~ i
(translocation) . a»,# é‘\ (deletlons)—:l; 0

s I RFES B \»%E’IHK% B Hik
3 (V)M B (D)% &k 7R LIEE D poaE
R UK ’Y—ocD+BD2’Otlfi’ﬁ?a ¥ B o
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UL S SRS 23

Mg 2EMS(LET) R € 5345 5t &
1 “ﬂ;(rk)&ﬁ%ﬁ & E fd ;—.m keV/pm o 7K
® %’:LET:@ PR AR B o Hid & E 4 B en
w4 0 L LET#h a8k - 48 3~+ ;4_ #wm;)%(relatlve
biological effectiveness, RBE) o~ # 12 §5 if gt {F
Pl PEAL G S AP ﬁf’\%ﬂﬂ%i&ﬂ#(ZSO KVp Xif )

3 A E A Bl i 4

RpE—_ FEBIA D - v
/Ejiﬁ’ﬁ'fé_i#ﬁﬂ?’—i ;”%i{%b'ﬁ—?%? g
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IDET I =l S = R = ELA A AR |
E_ (fract onated dose) s » iwm e 7 3 #-Flm e
i {7=x &7 § T (sublethal damage) i3 4F @ 3

sA

,@\-
b=pully
&
g
o
23*
I
%‘

MAE FEHRERE HES
=X IR 7* la;fi‘} ’}F?ﬂ'mi‘aé o

FILR o

itk R T34 & gk - 2 DDREF

(dose and dose rate effectiveness factor) & &

1 2/
) ll'b < ;a- 2

et
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%
e
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48 «kmﬂ:g,ﬁlj'aq}\; }i;;"’fﬂj;}.ﬂ;rirﬁ i

s BREEY g TS aA R K
g% e

s EHAET A AR VHEH DT
A o
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KGEER G| 8 T S E NS

vﬁz“ﬁw}ﬂ e A 53 e HE(M) -

4 & #(Gy) - DNA & = EF (S)& 5% = 4 T'—Z EP
(Gz) o m e F > B Ep 22 G ot et i o

— 4 e 3G, Mﬁﬂ 15 5 B AR 0 3SHp e
ot HP ¥ g E’Tﬁx Fult o

THMABMEBEIREEF > mepNams F %L E
(molecular checkpoint) & Flfcé » w7
&G, (G, block) » gt e it | & 5 F 4T
RoSRFFERERE F R -
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e

Y 2
§ oK

§ # 3 %+ @& (oxygen enhancement ratio,
OER){pIF — faig bt ik ¥ 225 § R ET
AR 2R AT mw B o
OERZLET = &~ tt : X&F&m 3t 3 & & FF «00OER
€ %3 LET3 2 160 keV/umpF » OER % 1(&
’;‘Z ) o

§% W@w%“ﬁm%g
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s TR AT A SLEEFE D 2P 9100 GyE| B
AR St 15 30-50] P F] 2 20 e i S M e B
7= o
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s BAER - FE R EREM(EFARI)RF

FEEZRE B Z AP s S0 s B At
L&
m AR

—

oo ¥ AF A

TRERERAEREFE f:*‘i"lfé_';’l;}@l""‘ AP B 4
ol 3 % o
22 FE R hiE@ERR)L 2 »3?'1 Bi?\F J& o
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o A& RE E(LNT, linear non-threshold) sk -
o0k o g B AR A ) A
fvo AR E A ERE 2 MILE o

n WHAAE  (1)in mﬁﬁﬁw‘;  (2)% A £
f@m’?’% T R 1D S N U iﬁa*‘ffm
b FE 5 A B (3)1& LI S 'fkﬁﬁ

R S L L
RBEALFEIREIN T 2ZHERAR o
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n ;% i (Luckey T. D.)#& 431980 # % % 7 ,;3:7‘&7‘3;
X@(hormess) xﬁj\;;u ) IR G A PR LR ARG
A BB D) ITE B iR E_iﬁ,ﬁff € ___.’_,—P_:JRP«;}U |
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Mt

RSP EE 2R, R2ERORTLE B
E’T'\ 'é‘-}‘i‘» i}%ﬁ‘ ¥r S T

» 1 % 2% i (stochastic effect) : 45 & 2a b % i3
l@iif@aﬁlﬁv’—l7ﬁﬁ_’ I?':ifi'lﬂj J"J"‘?\;J}I’L’rﬁ
AEDAERAN Skl E L AR E BT

B o

#Fiﬁii%(deterministic effect) : tf IR e
?-5?1 A a2 HBE R R &
A E & o] oA f;ni\a%c BT AP AR B K
SR
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i A £ (D)

= D =dE,/dm

» dE, = F& cdmehk — F =
i55F2. Lo B o

« H =% X 2 (gray, Gy) -
-+ 2 (kg)F & & Fexde— £2(J)

L= Rl 5
Bb_?_,_ﬁ"“i*a o
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i F H A2 (H)

o Hy= XDy gWi [¥ 12 & & #:(Sievert, Sv)]

e FRAEH B EA L AHEREH il B
BRfzfr R RAERAFE TH
BLHR PHEHLLFR BT &
F I R £ e Drp¥ 245 5o Bl B Wy i
KA

e iﬁ?E’T%“*Er]ﬁin#]ﬂ > iﬁ:ﬁ’ﬂ}ﬁ PE B &0 X
AE A2 AP -
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5 51 4ot FlEW,
“rf B k3 1
iR BEZRF RPN 1
35 B <10+ 7 F k(keV) 5
10+ & &+ k(keV) - 100+ & + k(keV) 10
>100 % + &(keV) - 2F § T + & (MeV) 20
>2F ¥ %+ k(MeV) - 207 § &+ &(MeV) 10
>207F 8 ¢+ ®k(MeV) 5
1 (w B3k )i B >27 25 R (MeV) 5
ake+ ’A\};‘JE—T—%‘ £ 20

“TCRP( R "% *c bt 17 % B ¢ )-1034F £ (2007 & )iz 3% & &
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s 8| & (effective dose, E)

=i

ZHTxWT [E 2 % & 2(Sv)]

X
4
—iéﬁf"*"f'lii‘.m GEHA B2

R o g e 4 S1Wrdh 5 B 511
B ®an g m B * HAEH,
hE AR R 2 30 Fldc o gt - FlEc
ThAFeRN B HEHREE S
BB 2ZATR R A ITE o
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oA R e fE F W, | m S B | e FEW,
T2 0.20 - 0.05

¥ 8 0.12 &3 0.05

e 0.12 TN 0.05

i 0.12 'y 0.01

3 0.12 ¥ 4 & 0.01

B 0.05 ERRER 0.05

590 0.05 & B
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0.04

0.04

0.04

0.01

0.01

0.01

0.01
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* ICRP-60%%:3% £ 475 & &

5.0

x FP /§|’='[;‘F_ 4.0 o

2t &k ﬁa}%}j}_ 0.8 13
ETiagp 0.8 :

4 2t 5.6 /.3
QP
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i B A B P 82k F R

B I/I—ew=(1/2)N; # ¢ - Ni 4 &%
e /FE’T‘?L’IO“*‘ w R LI g X
& (HVL)#& P -

B [/I, =X =g (0.693/HVL) x= g0.693 x/HVL
. T/1,=e-0.693 X/HVL — g-0.693 N

In(1/1,)=-0.693 N
N =-In(1/1,)/0.693
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i W% spEL B € (NCRP)
i 147% 48 4 (2005)2
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- i’ﬁﬂ"L.»‘] & 2 #1 % 4 0.4 mSvic 5 % X% 0.1 mSv ;
ﬁki%%d?m:;ﬁx;w&ooz mSyv -

o ﬁmgg d Xk 3 B ﬂ;ﬁfﬂ@g, s a Xk 05
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n R R IDHEH- B(REI)EL®E
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B EEHHTIORR

#4t | mAE(Qam3) | #4H | % A(gcmd)
R e 2.35 55 11.4
g 1.65 553k 13 6.22
8 2.05 R 1.54
1.5 o /.8
EHE 2.65 = fh 1.9
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mm > RB]10 cmiR G 0B i 4 0 HER
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4.74 mmég 5 Jac 4
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X5k 40 0iR R 4 chd @ K

TR & E(kVp)| 4L @ & (mm)|R4EL X Bk (cm)
50 0.06 0.43
70 0.17 0.84
100 0.27 1.6
125 0.28 2.0
150 0.30 2.24
200 0.52 2.5

13




e ~ B
2T R
yﬁ m =
G A
I
Be— el MK
T TR &
M 2w
& @ b
J.m ,rﬁ ~

g A
@4 .S A v

ﬁﬂ%J&

= &4
%ae~¢w%
L L

P RrA B R o

CEL I e S S T 7T 6

AL | S

“’%”ﬁ

b

S

R ST P TR ER

f =

-

mZ
v

14



-

333 A T i Bh (1)

2k 5
| IE R

m 7%;’3* B EREARY o iF':i‘F".
it
=

X

A

LRI JEy g

o ArheR PR R R R 0 R
gt‘r e;;g,;\;f; B o

= BT Bgf‘ﬁﬂ”‘iﬁ?ﬂ*%? ' B
E%,,Q_%ﬁ', | #%%/(—L/i
ﬁﬁiﬁ"fﬁi& Tﬁ"ﬁ Ié‘.i‘a fa o

n ST T AR @) RPN S S
RRETFE > AN RE

15



‘L L% 33 SR BT s Bh2/2)

o ST AN 2F AN EE
TRALPE > iSRG -

s NRE C Rba2PEEMA > ¥R
PR TaRBE AR ETES
i MR A AT ST o

s RURE D RoR2BREEARTE )
oo EHEARBFRAEE - WARZR
BEREIE®TE Gy -

16



@RS

@ ©O
D @GW

cxternal exposure emal exposure

http://contest.japias.jp/tqj14/140053/top/kiso/img/e-hibakuzu.gif



% 33 AL T 107

. J‘/‘@E?‘!A’\ . ;L—)ﬁ s ~ B~ 4p 5 ~ ¥ —Q—'fr’
K ae & B+ 5k o

e B EARED > FIK SR ak o DR

n WERGHERERA » FPits(check) ~ 3 1F
B A m s BEREE A &Y IR T

s UHBRERS  HEERA - TERBEH
TERARE S w S BEY  EEKRAY BT

FAEE  RHRIER

~vog

18



‘ilf = 5 IR G 3k

n WA TR R B LRGSR
.«#ﬁa%@mdapﬁh&%%@m%o

. %é ré»/?:l‘v ER R RN RS R R =

B 45 Wbk o

- I‘ﬁ *é foard > AV QITR AT H -
TH | k(Es) 4% 4 &
59,000 74 34 14 2

TMeV 7 & 42 F et #2 (um)




SEUETD T

m b s -E/T/E!fﬁ_é]_ ;tj"hl?ﬁi /%IIE,@Q’?* (W) s
el » s Dl o ig s g 5 o
.E/T,}};zgz,m}%.,ﬂ,,- JJaE/T,ﬁﬂmnb’E‘"ﬁF&g’f%q*ﬂ}’
R o SR B A AL ~ B AR~ Ak~ R -
o T D SR R R B S o

k(ag) | R By gL 4F. 4

3.9mm 3.2mm 1.8mm 1.1mm 0.2mm

1MeV B i 5+ 4R bt 4%

20




o B HRATES LG RS HALLIEHR
i 3 el

= P ETSDRRAIA - & RLE -
ZEREfEHE

o i F A i AR R AR

o TR E R

s WERGRD A

s E 3 RE BT m‘r AR

21



i 58 MR & i ik

Gamma rays

Beta particles

Alpha particles l
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TR A) 2 A G e2CH %

» #1 5 (Contain) : @ 3t 57 7 22 A §Y
EREM - BlAvr p R B g L3
1 E f5(glove box) & -

« & % (Concentrate) : # & ¢ 32 > 103
[ A RT3 b M T R i S a & e Bldr
TS T R Mk st Tk

L, 22 D = AA
fﬂﬁfé PT 9 F & o
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No Ms Williams,
| really think that
this examination

y, S ng_q ) ;\;1

will not add

: 2w Y 22 s
something to the | »o & Arevte B g
correct 1R 253 Ao

assessmentof | I g PR R o
your condition

Doctor, don'’t you
think | should
have a new
chest CT scan?
Just to be on the
safe side

E_;./\

;-F, 123
499 ﬁeﬁs i€ ”pTaiie?\t wishes to be examined
when you feel it is not necessary
FRAKAALE > BESHELKEDE L
74 %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Large patient Small patient

A AR & AR &
Adjust exposure parameters
according to patient and body part R

Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation

i & AT
S

B

28



‘L g (3] Eas)

T ?)
|

y /{h&(/ |

% i1 -
‘.\,,E!/g\ _!'L>
B E

JEF 4. Always Avoid!

X3k &

"
/Cwﬁjﬂ
L]

ﬁ'& @‘; Better Practice




it 2] %7 srs)

i

4% 5% R

4un|ts of
lj intensity l
receptor
e'h »2,
1&3
Fw1 u%it
intensity
lj Image Image - 12\
receptor T receptor > W
‘ ~ Bl ®
0 1 2

Minimize distance between the # 72»#% & &
patient and the image receptor & # T A

7 4L kR : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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& Enhanced Exposure 1§ Better Practice
# 4 ﬁﬁjﬁiﬁg% More Noise from Scatter
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ALK R

THRERLFLRA KA AR RS

CT scans are among the most common radiation dose
burdening examinations for patients

The effective dose from one chest CT scan may be equal
to the corresponding dose of about 500 PA chest X rays

— X AJIRT P{_%'%ﬁ’?/éi me}; Y EESS

500=t &k 2 &t & 39 38(PA)X £ &

The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Tell me please:
Have you had any
other CT scans
recently?

PRI By

mH BTk % A

N
3
~
1y
.

Repeat scanning of the patient to save

T

. 5 2, = v
time because previous records are not .k WAFTH &
. - ° ) N N
readily available is not part of a good ° PR E 7fl wa
practice A_ A AF e o

7 4L kR : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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B e i 52 S &

e T B >

Unaccjeptahle Z‘: ;,T:}%_ i E{l rﬁ\

© risk

% __________ 54 I@ Limit  }— — — -
E ﬁ‘ii@ {¥ Optimisation

b= I

E Tﬂlﬁ;ime £-7% ¥r 4% {8 | ALARAlevel |- — — -
=

9

W’W‘T i" &1 Tﬁ‘ Acceptable ﬂ_% i
residual risk 5{%7&1 3

F#L % &k : ICRP 138 Report (2018) 35 35
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Radiation Protection in Digital Radiology L05 Digital Radiographic Image Processing
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Images courtesy of- MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation
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B i 14 3/5)

R A5 09 0 A A MR 5 36%

Bl aud =™

EHA =
(nﬁﬁr yir = 36 %

3t ki
#

(&)aea

7 4L kR : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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B 3 14 (ay5)

BT RS pafE L&

Bx 1 Bx 8 B
B3R 1.9 26.0 13.7
saged 1.0 318 318

Muhogora et al. Patient doses in CT examinations
in 18 countries: initial results from International
Atomic Energy Agency projects. Radiat Prot Dosim
2009;136(2):118-26.
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. LDRL:973.39 mGy.cm

- Diagnostic referenge level, DRL
B 7= National DRL

o v % - Regional DRL
#1- Local DRL

1 L] ,

a + 200 a0 1500 00 2000 00 200 00
DLP APIMGv.cm)

http://posterng.netkey.at/esr/viewing/index.php?module=viewimage&task=&mediafile_id=657021&201512180212.gif
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® XEA R

#5 %2 (Wilhelm Konrad Rontgen) : #EBE EEMELE -
189S FHRXH L X HIGEG G - ex—HHBATHEH > ©
SRR RN EIARGIAF > Bt GRe3aF ) o




€ Xk & (X-ray tube)

Rotating anode T e g
gx 8\ ¢ Rotor

Ball races
6.3
Vac

Hot
cathode
oV flament

+ 100000V

Electron beam

Xmays



® B S D E-XABE

XATAEEXK  FHEAR
A E B4R 0 BB R T &
i (Faiy) BailB Kk
RAFEIRMEZER—ZXARE -
R ] 6 4B R B B R X A8
e E (kVP) &3 E (mAs) R
FE AL DTETRAL -




& B 5t lir-E R BT B %1% (CT)

3 B # 2 £ Hounsfield %8 BF -
BIRFEARBOHRY EEZ AR
@ X E T HE K
(coronal ) ~ %& #4k ( sagittal )
B #x 17 (transaxial ) =&t &
Z 1% - XA EER L4
"RAR | FHBIFENE -




& B 5t Br-8 & & (US)

BP3A % > 20 kHzz k4% |
ABRBEER  BEALRD DA
HEE > FAARS  WHE
B EBRIEEMNTE - )
B XEABRERER - HFEsh
BRRGEERS B B BPEF
BAIR K o |




& B 5t Er-mE iR & 5 (MRI)

PR RIE > R ARENBRARYHFEG T » BFH
SRR G TR > MBEARABRAG AR T - A
BABRAZL LR T B8 QR T4 4o B — @8/ E e -
TREAEBANAR THARBIET T @ » RTEHREEAR
WAEE  ZBFHOTHEMGCR  LEWEL2HLATE -

o




& H 4P W7 H B R R Z(BMD)

%A B A S E L £ Gd-153445% (100 KeV & 44 KeV) #4
HREEXHKEITER - ZORNEAE AL EEBTRALKEST
BlE . FREIRMEENY  BIAFTREE (2 E) e
TEREFRY "B F AL HMENSE (gom?) | -




&® ¥ 513 B7- o % #& 75 (Angiography)

B—HEAMRE ERETBRAREETERNRELE
k0 WITSMBYE 0 BAAXARIGZ MBI R c BE
%ﬁ&ﬁﬁmﬁ¢%mﬂﬁﬁﬁhh,ﬂ-’ﬂTﬂ?ﬁ

o EEA T (A CEAETRES) -




B % 546 % (Radiotherapy)

fTEAHEHE (AR --EHR) 72N RAREAER MRS
(linear accelerator ) ##&E FmwR E2IFHF e Et4 (6,10, 15, 18
MeV% ) » EBBRGZEXHEL (SBRRIERE) REFETF
g (bHBERRER) NREBRER > RAREE - FRARR
KA EBXTH» R "Rk R TaEsRk, -




B 5t 76 - 4t F #iF(Radiosurgery)

Z K %R 38 A K 4 F 45 ( stereotacticradiosurgery;
SRS) » RUMEHE/M T FioBH K E IR E P HGER -
FERBEECEFTAKRBEDRBHE T - —M& > LERH T
XTE&nAmfE: (1) XAk (knife) B (2) wHA (y-
knife) » TR EZHNENKEFRRARE » — A 4R > A — Ay
4t 8% -







B 5t 74 7% -SRS:#E & JE 89 tb 8 (y-Kinfe v.s. y-kinfe)

Bk A ~ BRI AP SRR F..

X-knife y-knife
BIELTF@mNALE B SR

4R &) A& SiRFFE (BREPN)
+ #E B +1mm ¥ # B +1mm

B&% AR A2 7~8 F % g 305

T #SRT & SRS P SRS

BAE T BE

TR ARG B e T



O 4%+ 8 2 (Nuclear Medicine)

BTRBLRAMHE?ETEMRPN943F > R F 4 FHH4
b2 FHevesy3® i &4 " & 4+~ #¢ (radioactive tracers) | # 4 o
5 AZBF ARG HAZEGILSY  BHBTEEMARARY
RSB 42 - MmPATIE ey 4t % 4 (Radiopharmaceuticals ) Bp #] A
LI B AT R R TET R ER -

@ 9
coto

>*9?ec

George Charles de Hevesy, Hungary
Nobel Prize for Chemistry; (1885-1966) 16



O F8F-EATARETHIZ(SPECT & PET)

@ B 5% T2 5t E BT B /Y
(Single Photon Emission Computed Tomography : SPECT)

@ iE-THCAH BT R 3

(Positron Emission Tomography;
PET)




O 2+ 8 F-F X T8 R &% (SPECT)

BT BEMN

> F R s
>y-rayfg £ i 7
»100%y-ray # 44
>EHEE

B O b Derm=
e O 0 O 5

-
|
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g
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O B+ 8 2-E T8 & & %PET)
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=} o v - radiation 5
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O 85§ 2% A 53 ¥ 69 3 4 Fl 42 % (radioisotope)

Table 4: Cormonly used Radioisotopes in Nuclear Medicine Imaging

Isotope Energy keV (%) Decay Half-life Production
57 Gallium 67/Ga 93 (50) 135 (30) 7 (electron capture) 33 d Cyclotron
300(20)
111 Indium 111In 173 (50) 247 (50) 7 (electron capture) 28 d Cyclotran
123lodine 1231 160 Telectron capture) 13 hr Cyclotron
131lodine 1311 365 7”7 ad Reactor
d9mTechnetum  99mTc 140 ? G hr Generator
201Thallium 201TI 69-81(80) 167 (10)  "electron capture)  3d Cyclotran
133Xenon 133Xe 81 I h2d Reactor
11Carbon 1MC 211 7 204m Cyclotron
32Copper B2Cu__ 511 7 97m Generator
| 18Flourine 18F a1l 7 1088 m Cyclotron
58Gadolinium 68Ga 511 7 11 hr Cyclotron
13Nitrogen 13N 51 7 10m Cyclotron
150xygen 150 511 7" 2m Cyclotran
J8Potassium 38K 211 777 [s; Cyclotron
B2Rubdium 82Rb 5 7 13m Generator
7




O B F 8 F-RB R BHE R ?
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DIFEREBRIGTRGMLE -
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e fig o

> BRE AT EREASHRMAEES TEES 0 B
RmieHENTEAROHATEEL



OBFER-HARMLEER?

FERRoFPAS ZHEHEAZEENRER eI
Q P 4k AR BE 7% 04 % 1-131
OF &% 2 &% Sr-89, Sm-153, Re-186, P-32

QX RS mE B3 E S - Re-188



O i+ 8 2-%F A 76 & 69 B 4 B 4L % (radioisotope)

. . Decay . EaM eV EM eV EyM eV
Radionuclide mode Half-Life (%) (%) %)
P-32 B- 14.3d - 1.7 (100) -
Y-90 B- 2.7d - 2.27 (100) -
0.61,0.35,0.25 |0.28, 0.36, 0.63
131 b- 5d } (87.2.93,28) | (5.81,7)
2.12,1.96
Re-188 B- 16.9h - (78.2) 0.155 (10.5)
0.316, 0.468,
Ir-192 B-/EC 74d - B-/0.672 (95.4) | 0.308 (81, 49,
30)
0.08,0.07, 0.57
At-211 o2+ 7.2h  5.9,7.5 (42, 58) - (19,24, 31)
: 0.64, 6.08, 9 0.49,0.56  |0.51,0.58, 2.60
Bi-212 o2+/B- 1.01h (26. 10, 64) (64, 36) 8. 31, 36)




O 4 7 B £-6k-188 2 K RIS R Y7 KW 78 76 %




OB+ 8 F-4R-188 X KB R M R

0 OH O

OH
A\ UL Jor
H
0 O OH O, .0
OH

NH5

FIE (1)

S0 [
PN (s/ S \
E-2)

#:-188-BMEDA & A4 R PR REA S LK R Y



Hiat £k (MRI)
THETE (CT) II- SRR
MBEBETHEBZEIL

E%F%% (SPECT) ||‘ h e b
EF#% (PET)

ABRBERHZEY



//

OB FES Thfi, &4 T&HMNE | —#Re—

~ Function (PET) Anatomy(CT) PET+CT



v B S R & A & -JR T (reactor)

i EAGSKXARXARESE (Tsing Hua Open-Pool Research
Reactor; THOR ) :3&#1959-1961
> qa%;k;a@ 107 -10 ® n/em 2 $iglye prizazt
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FIG. 3. Schematic diagram of pilot plant at Taegu dveing compiex.
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~ 200 MeV/Fission
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235 1 141 92 1
oU +on= (Ba+ ;Kr+3 ,n

1938s: Team of Lise Meitner, Otto Hahn and Fritz Strassmann discovered “nuclear fission”
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EXPLOSIVE C N O H C/O | N/O
RDX 3 6 6 6 0.500]1.000
PETN 5 4 12 8 0.417]0.333
NITRO 3 3 9 5 0.333]0.333
HMX ] 8 8 8 0.500]1.000
TNT 7 3 6 5 1.167]0.500
TETRYL 7 5 8 5 0.875]0.625
AMATOL 0.62 | 2.26] 3.53| 4.44 |0.176]0.640
ABFI 0.365 2 3 |14.713]0.122]0.667
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ANFO 1.87 ] 2.46]| 2.46] 3.74 |0.760]1.000
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Product or System Elements Detected Scanning Ability
IGRIS NGO 3-dimensional
Vapor Detectors None, only vapor pressure | None
of dynamite

Conventional X-Ray None, only High Z versus | None

Systems Low Z materials

Dual Energy X-Ray H Course 2-dimensional

Systems projection of hydrogenous
materials

Back Scatter X-Ray H Course 2-dimensional

Systems projection of hydrogenous
materials

Cat Scan None, only indications of | 2-dimensional

low Z elements

Thermal Neutron Analysis

(TNA)

N

Poor 3-dimensional
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Table 8.3 Properties of Common Inorganic Scintillators

Relative Pulse

Specific | Wavelength of | Refractive Abs, Light Yield | Height Using

Gravity | Max. Emission| Indcx Decay Time [ps) _in Photons/MeV | Bialk. PM tube| Reference:
Adkali Halides
Nal(T1) 3.67 415 1.85 0.23 38 000 1.00
CsI(T1) 4.51 5400 1.80 0.68 (637, 3.34 (36%) .3 000 (144 78, 90, 91
Csl{Ma) 451 420 1.54 (.46, 418 A9 040 1.1 92
Li(Eu) 4,08 470 1.96 1.4 11 000 023
Oiher Slow Inorganics
BGO 713 480 215 (.30 Ll [ et
Cawao, 750 470 23 11 (40%5), 14.5 (A0%) 15 000 0.4 DE-100
ZnS(Ag) (polycrystalline) | 4.09 450 2.36 0.2 1.3
CaF. (Eu) 310 435 1.47 0.9 14 000 0.5
Unactivated Fast Inovganics
BaF; (fast component) 489 220 0.0006 1400 na 107-109
BaF; (slow component ) 4.80 310 1.56 0.63 0500 0.2 107-109
CsT (fast component) 4,51 305 0.002 [35%), 0.02 (65%) 2000 0.03 113-115
Csl (slow component ) 451 Asl) 1,50 multiple, up to several ps varies varies 114,115
CeF, 616 310, 340 1.68 (L5, 0027 400 (hO4 to D05 76, 116, 117
Cerinm- Activated Fast Inor
GS0O 671 440 1.85 0056 (90%), 0.4 (10%) ] 0z - 119-121
Y AR 537 370 1.95 0027 18 000 45 T8, 125
Y AG 456 550 .82 LSS (725, (302 (28%) 177 (M 0.5 TR, 12T
LSO 7.4 420 1.82 D047 25 00 075 130, 131
LuAP 8.4 303 1.94 nmT 17 000 0.3 134, 130, 13
zlass Scintillators
Ce activated Li glass’ 2.64 400 1.59 0.05 to (.1 1 3500 0.09 77, 145
Tb activated glass’ 303 - 550 L5 ~3000 10 5000 ~50 000 na 145
Far comparison, a typical organic (plastic) scintillator:
NE102A [ 103 | 423 [ 158 ] 0.002 f 10 000 | 025 |

*for alpha Wide:a
"Propertics vary with exact formulation. Also see Table 15.1.
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Normal dosimeter anisotropy
for horisontal plane
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Radiographic Testing

Source

Radiation beam

;: Image quality indicator

Test specimen

Radiographic film with latent image after exposure
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> IEC 60601 1-3 Medical electrlcal equipment —
Part 1-3: General requirements for basic safety and essential

performance —Collateral Standard: Radiation protection in
diagnostic X-ray equipment

» IEC-61223-3-4 Evaluation and routine testing in medical
imaging departments —Part 3-4: Acceptance tests —Imaging
performance of dental X-ray equipment
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X-RAY TUBE

* Hot filament
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* Tungsten target
(anode)

* Electron Beam —

« Vacuum —
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Fotating anode target stator
Fator
Ball races
Hoat
cathode
filament
+150.000 V
Flectron beam FHrays

X-ray production




X-RAY PRODUCTION

High Speed Electron

|~

Heavy Metal Target

BREMMSTRAHLUNG CHARACTERISTIC

Electron

- X-ray photon + heat
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Data acquisition modules

1. Low Energy Arrays

2. High Energy Arrays
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Slit Collimator

X-Ray Tube =

Line Beam

l‘l\.

Beam collimation to obtain small point source - Sharp Image
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B/W Image: morphologic information

Color Image: functional information




Mandelo ael Lari Graraan,

———————————
‘www.gilardoni it - FEP ME 640 AMX - 3AUEQ183 rev. xx S.No. antaclaus

31-05-2010
15:31:38

Bagagii totali
026334

0% @ & fo

Bagag|i sessione| Tempo sessione
0002 00:01:38

Vertical image

Horizontal image




—

{41]: E

R BRI IR




AR IR

Edge Enhancement: increase object contour

* Optimal Contrast: best combination of color level in the image
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High Penetration, Low Penetration and Variable Penetration

* Allow changing of the penetration level in the image to better
appreciate high density material, low density material or mixtures
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OPTIONAL SOFTWARE — ADS

 Advanced Detection

Software:
* Explosive Detection
Support (Red
Square);

* Narcotic Detection Support
(Yellow Square).




OPTIONAL SOFTWARE — TIP

Fictional Threat

Image in a real hag




OPTIONAL SOFTWARE = TIP

* Improve the detection capability in the checkpoint;
* Avoid opening of 10% bags (EU Regulation 300/2008);

e Raise the operators’ Attention Threshold.
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