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(Differentiation between lonizing and non-ionizing Radiation)
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(Radiations with energy high enough to cause

ionizing of a material )
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DgEiﬁl;%EﬁE g-.l- ElJ *':Ei?éﬁ(Categories of Non-lonizing Radiation)
%’29"%7?(UV FEZERE A>200 nm(, <7 \)L/(J:E"Jllezlzﬁj\)
o] B¢ (visible light)
4190 4g (infrared, IR)
&= Hi(Laser - BIFERIMER - Al RAEHFALIME=1E K ER )
fl R 51 5 3888 B (microwave and radio frequency)
{58 & 435 (VLF )
A7 &2 35 (Electric field)
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(Possible Effects of Non- Ionlzmg Radiation:)

(1)““95[111_ (Heat Effect)
(Z)Eﬁzﬂﬁ: (Electromagnetic Effect)
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(Categories of lonizing Radiation)
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(Mechanisms of Producing lonizing Radiation)

’*?(*Ei%%(Nuclear Decay)

B4 IER (Electromagnetic Reaction)

>*§'-<}§E§(Nuclear Reactions)
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piziER% (Nuclear Decay)

FRF#%
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o IEEF(positron)Ei & &+ (electron)
E’JE %3 E

- BN &2 LAY IE F B fa kB 1w =2 (PET)

PET(II (18>
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¢~ electron BEF
&N \ v neutrino MPF
"y quantum/photon
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A nuclear decay (or called nuclear disintegration)

usually accompanies with the emission of y-ray
and X-ray Cs- 137 needles used in Brachytherapy

Hole(0.9mm) 137Cs inner capsule Outer capsule
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16 -Half—life>5.0e8y |:|Half-life not yet measured §.012§65 Sg,gmgg _§_,3_2§2§8 §.133sg 1S
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U-238 (4#-232) 1% %
(Decay Series of U?38)

The Uranium Series (4n+2)

The Spy Killer

Ra-226, Used to make
luminous watches in early
1900s and the cause of
bone cancers among
radium dial painters

"E

130 135 140
Neutron Number. N
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RIEFRIESR (Sub-atomic World)

- £58 (Quark) (BsimmAE uds,cbt)
Six quarks identified

&£ (proton) B+ (neutron)

B 0.
L, (¢,

3
Mass 4.1~5.7 MeV

- H At (others):

pirF, T EFMEP S, p PF, P F
UK B ZiEF IR ERF

Mass
1.7~3.1 Me




« RNEFRIHFR (Sub-atomic World) :
- FHERR T FEEFRNF

There are various sub- atomic
particles existed in the universe

BARF BARRF ZEMKEER some
MESBREER £ EmX

ZFH(Singularity)
B3 X B2 (Big Bang)
15834
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AEEE #5158 18+ —www.aqua.ntou.edu.tw/tw/Course/files/%B2%C46B%C1%BF-
%A6t%A9z%B8U%AA%AB%AL%AT%B0_%B7%BD(44).pdf
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(@)

o 5 1 % 12 RY38 F (Radioactivity) - B 58(8g) 3K |

number of disintegrations per second -

I]Iﬂ]

. C,(Bq) = A(sec™)x N, (RFEE)
Asec’) = L 1EE(Ci)=3.7 10105§ B
e ToPEgw  MEC)=ARAOTRRIEG

constant “— half live

1g B9Cs-137 =B (HF¥FHIA 30 ), 5 4%
B8 E A% /?? (Radioactivity of 1g Cs-137)

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

30 x 365 x 24 x 3600 137
= 3.22 x102 Bg = 87 Ci

TMBl1g B9Cs-137 #%1E » EFESR 3.22x 10" Bg (HE
R87EE) » IMENESMEER 3.22 x 102 X&= £ » TRED
HEEMESHE 3.22x 102 B%E0.622MeVRIXF
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T HHEZIEREEGEEREIRA
The radioactivity of a radionuclide follows the
exponential decaying law

In 2 L
C —C .M A== t:EEEMH
t 0 f Tl/ 5 Decay time
oo \\ o
EE': p O 2R 23
== (Ci)=3.7x10" 2 %= (Bq) Decay Const. Half Live

BVRENNE —
(disintegrations/sec)

R — (AR A ERIRE1/2 - At t=0-  C=C,

CRMELRBRARARBENL/A -+ At t=T,,  C=L1C,
WA= EERMRRA RN - 3
...... R AE =2T12 C=7G




» E5 1% J1{EFH (Electromagnetic Reaction)
>X-Fi 4% (X-ray Machine)
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» 1% 5z FE(Nuclear Reactions)
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(n,p) °
(na) ~ (n,y) * (an) * (zN)...

(Fission) :

235&] + n—FP1+ FP2 + 2|4 n+ y+.. :
— \

Neutron Fission Fragments

hF s RZE P

>3 %

}g BB 5 BT S 1
&

0.01}

. 137¢¢ « 85Ky ~ 90V . A=118

0.001} 235 Fission
B—E2UNENRENP FEEEERBSN]LAEDF - EARIMBUIESE Fragments
B (LA)REIE - EHlPFEEEREREREPEEETHIFEIE -

70 90 110 130 150 170

Mass number A of
fission fragment

>zl & (Fusion) :

’H+%H — 3He + 'n

’H+3H — “*He +'n

ZEE M X2 Tokamak
1Z =t < 38l 55 k7 FE 22



Radioactivity

1 4 sk B 5T AV TE -
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Time
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1.5 5 B¢ B4 FH (Applications of lonizing Radiation)
1.5.1 B =& FH (Medical Applications)

SRXY - ElREEES2(cT - SPECT - PET..) -
7]&91 4 58 7 (Radio- -therapy)GE#EEA - E/RRET) -

1% 55 224 (Nuclear medicine) (B ,?ﬁ?i? M%i%) fé)
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(X-ray and y-ray in Physics)
sREFEFNEREMEE REFREFIZEERE

Electrifi)ndenergy band of Nucleus energy band of
E a Hydrogen atom a Carbon atom
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2 1 il

(Two Mechanisms Producing X-ray)

S e B
(Characteristic X-Ray)
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(Inside of a Typical X-ray Machine)
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RIEMERCILIEEHESEESE X X
(Inside of a Typical High Energy X-Ray Linear Accelerator)

Rl WEM  mas L R——
3 4 5 E 7

_8uTus
9 MU

10 FmgRs

IR - N
it | 12 FEMiE 8
ol § 13 WEM

TR

18

5]
. ‘r it 19 MBS
'
14
nmt%et ||
| | -




Galk )

HRIFEEE WY
e 2
AR ;E:E

c
-
Q
n
—+
®d
-
X

Molybdenum .
Target
Spectrum

IntenS|ty —

. B
< % - LR
ozl
N
20 60 80 100
(keV)

NFRER

28

Direct Tungsten (W) Spectrum at 100 kVp
159.3 keV

_Counts

End Point
Energy

Al RIS =een | B

A AERMEREEXDE

Ko |
f |
/4
7 : [ 1 |
_ _// . H | Kol |
——|+ <0.001A ]‘
| | T
K T
i 'i‘\ [\
/ \J" -7 Y \J
[l |
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A (A)

Spectrum of Mo at 35kV

KB 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.
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(Typical Medical X-ray Irradiation Room)
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Irradiation fechnology for applications in medical, agricultural,
and industrial products
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i(Irradiation Applications)
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153 ZFEITERBM EZERHER.....
(Other Industrial and Scientific Applications)

REHALS AR K
EMABFHoLE

LTS A0k i

oo

HIRET Leakage meter

st
e

PENTAK SEIFERT
Xvmy Systams

Cenerai lformation

x
UNng moderm COMBACt elacTORCY 1 Mreiie wegPt and Drovide § TGN GOws UL WD exTemely \ow OO
Togethes wih & sturdy mecal crra e, the CAESCO MF gererares & INgh X-czy Ome which liows the shomest expe-
wre tme. rendTig 1 hgher product
Weigt (3 AP reduced e S e of 343 ELIEron Making TACONACoN 2 Nandleg in the feld Late 2 Corvevent
eapmCiatly wh Me OPCONM IND I CaTapes (N make pealloNiNg of e ERESCO MF saty for sec 15 of expomsre tech
. For 3G TONN DrARCTn of e tube PRZ. SOUONL CATPNG/SINGTY FIGH e I adie.

The unversal ERESCO MEI micrgeocesscr Conrol Cim aperame any Xy genecator in e TRESCO MF product ine and
epomty Consmecnd 1 whutared aewy wte i okl The Comol fadmoes 4 ciodt our e 1w CYSEE Supkay ot Co% Do
et 1 e oAt AW LG NGO 1 WhCH rovles SYIET KIGA © 1 I sixseen (165

ey of woltage. cument and exposure parmmeten. or muwewsl of up 1 150 preprogtEmmed Spose settogs 5 by &
AeYDad conveniently 1ocang o the DU proot ContTA panel

e M5 Conul Meaturws § fully RATDMSDC WA UG, W &% OIEGIIted Wl e CIOCK Tt MONTON TAMe KNCE Wit une and

o Skt sobcotom. ot s waming soube tonp & Seutsbla

Typécal chamctersstic: -
- Hgh vetage ange fem 1 300 WY

HRE

R4S
g

= "
[/

Agte NOT Pancash Sattert Agts WOT inc
Ao e —
o T T e
e il !
e o B i i
s
= = .

3a
3&_ ﬁi E'l' Level meter



HAN G EASREE .

(Inside of a Typical X-ray Diffractometer)

copper vacuum TAVAY: =
pp\ X-rays 3 gI?ss N :Iﬁ=JX7IE %;% %T-I. 1%
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Open S stem X- ray lefratometer
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(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 Ko1 0.709300A | 0.709319 A Cr Ka1 2.28970A | 2.289760 A
Mo Ko2 0.713590A | 0.713609 A Cr Ka2 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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EEEEANRESR
(Check Sources)

Liquid 1, {3, ¥ sources Isogenerators

R & EREEZE L ]

TEE=ERAESREEXZE
(Typical Check Sources Used by

Lab. and Industry)

65 5168 57 i 19 |
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192

l'.l‘lC
SRR 5 _f
192

FRHEA

5. 3y
30.0y

5.3y
28.1y
30.0y
73.8d

5.3y
73.8d
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1.5.4 #%HEB2EE (Nuclear Power Generation)
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ME BB (Monitoring Time)
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Sew Pundred melers swey
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Fallout measured w.r.t. | 3 and Cs-137 during accident
T mA:, ~ EEW
BE | #-1311%-137 5. %rd
3/18 e 4 & e N
1321 Y200 |72 \
N EZVAE CRELE: e -/ R X
J 331 | &t |34 " J \ Bg/m*
) 4/1 kG | ki o3 il 131 ) §6-137
l EMRSELY | 7 s ke 3/18 |880 |86
=R o PES |
o wEe o o° 3/21  |85,000 [l12,000
i \\ i % %2/ 3/25 | 860 )’160
: HERT ) s 4/1 |45 K
\ zste ' o #
AN 5 IR lfgﬁ D&% o 4/21 **EAE;H 12
N e WSS T e r
B N mzies 9 U Rm [ #1%1 | 8-137
— s RN 4 3/18 |51 A
HigE [} }:\U, 2 - "o"’ {
B e N e @ L 32,000 | 5,300
ERRL IR 2 T T 3/25 | 220 12
AR R B AR EE 4/23RLA S 4/1 g4 15
3 EEBBESHEE 24042 .. BAIE 220008 (121 | wms |58




39

155 B

Consumer Products)
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1.6 Eiﬁ ':I:' E’Jiﬁ’i%ﬁﬁﬁ%‘l (lonizing Radiation Source4;)
161 éfiﬁ H EllJ EE! QTIIE(PossmIe Radiation Sources)

a2 ey iy
K& + 8 51 ﬁ
UVvV-C uUv-B UV-A
100~280NMm | 280~315nm | 315—400nm 0
Outer space
: =1
I - l '
_ Mesosphere
(Anitude) £ ! l ) fonosphere
50 km = < llc
3H W Stratosphere
X Troposphere

L, %&u&m ﬂ =SS
(EFHK*

= o  TFrrH—
| = F_,-1 H&%;ﬁﬁg
o
7 = © o
(MRt IEREONSER AR E Y AR eiated ol

| smzmpy UZssmese faTh 222ssmese EAERYRATE =\ S\ Radon
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—RERBERRZAEAN SR IRIRE D HE
The distribution of the averaged annual radiation dose from
natural and man-made ionizing radiations for human

Terrestrial ’ELC', 2, N

os‘-(\'\c \ i‘ﬂlﬁ‘ GO?QS' ;E B Man'made
- - NG %%ﬁ Radiation
= EE’g‘f'ﬁ\sc%mm/o

\\O/o \
\

= O 4 55%

==]

5

Natural g2
Radiation e
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1.6.2 KIAEgHT (Natural Radiation)

A. E58 (Radon)- KA MR ES (o FLET tE %
1) - SMAMENFiE -

Radio-Radon - %2?Rn ~ 22°Rn daughters of 233U and 23?Th decay chains

Rn?2 (EEH 3.8 %)
R (ETHI55.6 %

pittRTIERESAPESH LV ESIMFEL -
EMINZATIENEAZEm - SS|EAELL
RERBRERIED - BRABEHRHZEARKIE

>EEE - BERRZ BERS - SEAR
RREZRE - ESHAHBRZIE - §
i ————

U2« a8~ ypa®™ 5 B« 3™ ypa7_

T — & 3Ra™ P 5 4o _F sy _a s pa2

L')ﬂﬂ
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B. BEIRYR kR 5T - EE R -40(K0)

A commonly existed radionuclide inside the
human body — K40 (Potassium -40)

> ABSREEZZ0.2%AYEH - H910.012%HY
tH-40(FFRHA 1.27x10°F) S B8 WG EZIE -

B

E
= % S
A - PRI T Y o2

()

> MBI EMIRD - & - §

21

=

LY/ %
B H D25 H-40 - &Y,

3 (?*\‘
S 71
abi iy |
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T8

N

. B 4R (Cosmic Radiation)

SERTUBERRZFHHNRES

High- altltude Fllght /)
MR (ER) ?ﬁmﬁﬂ B (f4rash)
4 =% Taipei - New York 156 uSV | S fth g = || T AE
£t = FIATAS 3 99 = o B ?mﬁ“
Bt = B 93 | mKEISE
a8t =¥ eiTE 72
fic=8% Taipel - Sydney 48
a4t = ¥ 15
At =& 0.67 @ o
ait=Ei# Taipel - Kaohsiung 048 0.12~0.14 pSv/h
ait=47 0gs | (g g 1500m
£t = W 0.13 = 011012
S = KA 0.07
B 1000 7R =1 R &

L 0.05~0.09



D. it ZFREF B (Terrestrial Radiation)

P RAY T
£1(232Th)

p A [ 3

ENRERAEAX

A

Y=

IR

VAR
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FLET M 1% 18 -
$8_40(40K) ~ R %

& OJ HE

ﬁ"ﬁ

mBm

HZRE

adt

(238)))
%ZiE -

EHIS 2
0.40
I II_'\ ¢ nJ r - ~ 0.42 —\ Y
§ NS
ﬁ '*”Z:ﬂ_ EIIJ imilzﬁn %—Jﬂbéﬁﬁj o 039 7
§§42 aja: X +H EEFII ==] i 039
FOST
WAN = O B 1
AEERM 2N g
Sy
M b R at eI B YE M (3. 7X 1072 Bq/g) “4’\
A A 2H P : A | ™)
BR-40  #5-238%% $-232R% EH, SR
()2() \ 7 /4
# L 14 .89 0.80 : .21 0.46 |
A e R IA 0.46 /
i s 18.16 o . 1.62 045 ¢ 0.25
i i 29.76 1.93 2.47
& P 1T Bl
i 13.51 0.35 0.78 B s
fi& £ 10.78 0.48 0.85 0.36 0
T ,70.38 )
b E A 12.11 1.45 ;.51 0.36” ERA i 032
% 0.71 0.11 0.10 e | )
10.39 (
= 3.90 0.11 0.29 Bt
0.38 ‘
% : 1.97 0.1 0.21
E & L 5.58 1.06 0.46
B¢ &Y 10.00 1.73 0.78 Hfl:ZBE#H/F
2 ( B) 6.01 .87 0.65




p it R ZE KR E dW"u-:i'JZ_J;au: Az sy R EIE A
EIMAEARNBABFEZSRART ZHEISEKF
Natural Radiation dose (per year per person) VS. countries)

World Ave. USA Japan  Taiwan*

£ 5l H5REE = Hx =&
FEHR 0.36 028 038 0.7
it R 0.41 028 029  0.55
INET(BESMESY) 0.77 056 067  0.82
g % 1.26 200 056  0.83
$H40% 0.36 039 047  0.33
it (BRI ERSY) 1.62 239 103 116
& &t 2.40 300 170  2.00

« UNSCEAR : BiSBIRFERFNENEZEEF(1993) mSv(EEH)
KERFEEEEENRAEER - HEBABFREZRARBEHAS 1.6 mSy

Ih & 5 B =% 22 18 FEIS(ZEFE) 2=00FH i% B
mSv / Yr kisE
B8 Ramsarmh 6~360 3~180 LEZHEHE
HE KerralaB+HEHEE Ty 13 6.5 ;;ir
E# Espirito Santo 0.9~35 17.5 ;E’é;‘gg
KpE EERBEUE g 3.8 1.9 L=

&= 120 60



1.6.3 A&

47

B 5 (Man-made Radiation)

A. BEEREHT (Medical)

es FIX

76~ IETIEAE - REEEY).....

B. T x#gH (Industry)

HBE 8t
Bt -

C. BER
RILER

Eg gEﬁﬁi«:‘:'V AAEM ,_r_n-l-
RAIET...

RLEED) (Consumer Products)

- BE R - L.

47



1.6.4 EEPIEHFEIESNEER(ZRBFEMSVY) ®
100,( 25—REMRE4000~6000mSv

50% %= EASET (Lethal Dose)

FEH—RZERE
1000~2000 mSv
%80/ M Mt/ [ EGRL B P 1B 12

42,000 o
2 1000

CEEEA TN E%EW‘IJE
Typical cancer treatment total dose

20,000 ~100,000
#560—

R ﬂ’i%‘JZOOO

10 B 7S AR

BRI 16 ° @ 11Eea?hﬁlﬁiﬁ$ﬁ(PET) 7

-mﬂmﬂﬁrﬁ 7

e R 2

N 5L X R O

X it 4 0,02

, ﬁ FOFX¥ 0.01

=i k”zﬁ = IaEa 7

BT |
Agme BRAE o €
wE  20XE Q) el

OCCUpat/ona/ < 13 /E ’“—\ REkn
=4 o -~
Dose limit d é? éf;‘;

20/Yr
= (
o BRER  mamrE lEes
atural Background. snn.,a/ dose limit for general

1.6~2.0  publicy.0 /vi/,
berson
/Yi/Person % EErEEE 0 015/5

E 5 0.005
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(There are lots of industrial applications using extremely high radiation doses)

( 106
(LK) RTHRE 103
(%) B ALESHHRS
104
(BX) Rk
103

(RX) BTRE

2
(R 9l Bosb S5 { 10

(B ) 2500R 3k B 58 75 649 56 7% gg
{ 10
TR b 2 2

FTERSHEFLHE 1

10!

106

103

104

103

102
s e
s L
50

10
4

1

10°}

MdlEE e (REBR)
ol Ao M ()
R B H PR
(TE~ER)
B ek (LK)

R R ~ B RFe 7T R IE
(=%~ EKR)
sk (BX)

REREBRE (BKE)
¥ (A®m)

50%%% ¥ (AZ)

4 Gy RINNHBSMEI=
40002 A (MSv)

&4t R AT 04 & A L& (X F Gy)
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Xt 452 51 (5 PO BB AO T AL I B

(Possible Radiation Dose Rate Inside a Powder Diffractometer)

‘powder diffractometer I EIEETNERAIEX

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. 552535/ E X915 Skin burn
2.[RIXEE...... Eye injuries...
] columnator j \ E -_H’w_ ye JU 5
6cm

U S p—

monoch romator
S ra— 6 cm

filter ’6
tube 10° R/hr

r. anode 10° R/hr X counter

8.7 mSv (y, ZR)
9.6 mSv (y, A%2

tube .001R/hr

ZF:1R~0.87rad (&)
) r anode .0IR/hr

PAE
~0.96 rad (A 52

BBINHE ~ FH=ME 2 mSv/yr ~ 200 mR/yr ~ 0.02 mR/hr
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E.
T\Faﬁkﬁﬂzm

(Summary of Some Radiation Alert Dosage Indexes)

3E B (ltems) RE:EFT A2 (MSV); &T 2 (uUSV)
# 1 (one oversea flight) ~ 6 uSv/h

13& 59 3% X3k (one chest X-ray) ~0.02 mSv

13 T 5% & (one CT X-ray) ~5~10 mSv

1= 3043 # (30 cigarettes/day) ~ 13 mSvly

I35k L & & ¥ B 1§ 5 {8 (naural background) | ~ 1.6~2.0 mSv/y/person

RGBS E 2% pE10F 7 A 14 L
( emergency shelter) (>10 mSv within 2 days)
IS PR Rl p R 7% p #50~100% & 2

(emergency evacuation)

(50~100 mSv within 7 days)

JRF 2 5 pF 48 (take iodine tablet)

100mSv

YA R

(temporary relocation)

FHHSEI0x pF30F F 2 2t
(Expect > 30 mSv within 30 days)

A X 183 (permanent relocation) FEH X455+ E:21000F & 2 2+
(Expect > 1000 mSv for whole life)
31 re—RERIETE2 1 2P FREES, 22 1@m%-10008Hm%( sIHAETEEAS
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1.6.5 R IR IR B iR 5 IR R B RYEE (%

(Radiation Protections w.r.t. Living Environment)

- BHSIRIE (Environment)

s ol s 58 1
e o 7~ (Medical)
| At Wh S ‘:
\\ A | “ ;ﬁg
e
B (Consumer
Products)

TSR /B

(Laboratories, Industries, ...)



T TFRERNERESSH .

(Radiactive Contamination of Industl Products were Found)

1 PEEREE T R H AT RS =
R | 1095 | 1996 | 1997 | 1998 | 1999 | 2000|2001 (2002 |2003 [2004 | 2005 | 2006 | 2007 | &F

=@
ER| 2 4 5 3 13 | 15 7 14 |16 | 22 | 20 | 33 | 51 | 211
2k 1 4 Q 5 a5 |14 |17 |13 | 7 14 | 26 | 65 | 201

=1 9 5 . 12 1 18 |40 | 21 | 31 | 29 | 29 | 34 | 59 | 116 | 412
2 HEEEEEREH R TR SRTTE
ﬂ”zfﬁ 1995 1996 [ 1907 [ 1992 {1999 (2000 (2001 |2002 2003|2004 | 2005 | 2006 [2007

=1

Sl | 5 2 4 l 3 & l 4 2 2 3 3 32 | 72
FfE*1 l 1 1 l 2 4 (] 4 3 2 2 4 7 32
Hifexz |3 2 4 I (1 |28 |20 |23 (24 |23 |Z% |30 |FF 308

=] 9 5 9 12 |18 | 40 | 21 | 31 [ 29 | 29 | 34 | 39 [116 | 412
it IR EEERE
2 Bie S R AT R B I REslE
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RNIRENERRFAGE NS MIPRECRY

(Dispersions of Radiation are of Great Concerns Against Terrorism)

011 HZ &K IE /LRI ] BE
FRIE M EE K

W RUETMETREUM | s
o BREHHET Y Bt BRUE

H

(B3& : Dirty Bomb) 4 il B

RN R
 NEIRFEE -

mEYRICERE
- M/ mEE Bl
— + BECEYE plff




2. i mkER BTV E V) RUE

Biological Effects
of lonizing Radiation Exposure

55
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2.1 ﬁggqgjéﬂgiééﬁ(Definitions of Radiation Dose)

H}=§:ly34ﬂz

R “H
1 Sv (F838) = 1 Gy x Wy (w,: Esimi#siZRE® Radiation Weig
iR 511818 ICRP 60/ W,
e+ 1
FRAsEEZEFEMNTF 1
hF
<10 keV 5
10 ~ 100 keV 10
100 keV ~ 2 MeV 20
2 ~ 20 MeV 10
>20 MeV 5
BF 5
fifk - D EREYRR - EZHNF 20




EMEIE E(EfI : #3E) : Effective Dose (joul / kg)

57

ZRE A ICRP-60

(Organ or Tissue) Wi
¥ = Z HT & WT IR (£ 5EAR) Gonads 0.20
T/' #IB% Red Bone Marrow 0.12
< t5hm (KimEZ) Colon 0.12

ANETREE —o
£ 2 fii Lung 0.12

EfEZE -
Bl T = B Stomach 0.12
iE¢ Bladder 0.05
Equivalent AElES ZLAR Breast 0.05
Dose Zﬁ;ﬁﬁﬁ] BFH# Liver 0.05
R &8 Oesoph 0,05
. 28 Oesophagus :
iy S A= Tissue
Eéﬁﬂx EI%E 5 Weighting || FikER Thyroid 0.05
el ENELEE) Factor & Skin 0.01
= AR pE AhFX — .

gfgg;;ggg% & BEZ=HE Bone Surface 0.01
2/\Ha TE AT XXb HE#E84 Remainder of Body 0.05

EiRiR : ICRP-60(1991)
B B Ry ZERW- 1% RICRP-60




22 BHRHEBHSREURESHENR

(Irradiation, Contamination, External/Internal Exposure)

AR A Bl iE AT

WS TE S B
15 B % TE S S 2R
,“\ET(Irradlatlon) ANIRER  REEERF 2ER

BE SNBSS SRR R . -
R R iEs 2 IEay -

» ;52 (Contamination) :
NG EAEIER S HAL NS
hAM%Vﬁﬁxﬂ%%Z
BREt . TR EE SIS
ZHEEQ
PSRN ARE RS IREE -
%%EIQF%%%M%
= SMR BB (External Exposure)
REREAZESIEANERE

(Internal Exposure) -

I_I'

Height = 174 ecm
Waeight = 71.1 kg
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2.3k iR 5 ¥ B RS Al fn IS = A9l

(Damage of Human Bio-molecular Cells by lonizing Radiation)

e ok e DNA
TRt iR s Hegc S E IR EY A
Hﬂ ? L’ﬁ &TE{EE E’J Indlrecillz)lt\lfdjma e 4
DNARIE - WU RiE— S e (l ) e
'%:g I-I— Y S aw OH B R ’r_,,
SRS r
b : _!

Chromosome Variations
caused by ionizing "
radiation

S STEh ol

S By,

- EHEWR
Direct DNA damage

4y
—

B B L SR B Dicentric chromosome variations



> A EIEY MR iR iR 5 2 B E
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(Sensitivity of bio-molecular cells w.r.t lonizing Radiation)

CELLTYPE PROPERTIES EXAMPLES SENSITIVITY
(4EAEEIAE) Gillistsge (4HREBIF) SRS
I. Vegetative Divide Regularly, Erythroblasts R}F4T [k =
Inter-mitotic Cells | No Differentiation Intestinal Crypt Cells B & 4Rl (High)
Germinal Cells of Epidermis 38 fF 4
R4HHE 4
I1. Differentiating Divide Regularly, Myelocyles ‘B8 4HAE
Inter-mitotic Some Differentiation | Hematopoietic Cells & [T 4HH
Cells Between Divisions Spermatogonia Cells &1 4HA&
Connective Tissue
Cells
I11. Reverting Do not Divide Liver Cells  Ffi4H &k 4HHE
Post-mitotic Regularly, Thyroid Cells B SR BR4H & 4TRE
Cells Variably Kidney Cells E4H &4k
Differentiated
V. Fixed Highly Differentiated | Nerve Cells G| {&
Post-mitotic Muscle Cells  JJl. A4H&k4HAE (Low)

Cells
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2.4 Hg Y 77 i FE RUFE (Health Effect of Radiation Exposure)
P IEERE(Genetic Effect) : BimsrEN Lt ESRgER

RE  FEESHBUNZTRERHFIZEHESY -  ERRE0GEENE
BESMNER - MR - BERE - 2E - SHRACHS -

» 4 f2 %4 FE (Somatic Effect)
(L& EBRE(Whole body acute response) ¥l FZ&RF5 :

—REI= (=7 58) —HRAEARERER (symptom)
< 10 mSv EORBENR - BEERSRNEENURERE -
100~250 mSv AP MEIKRIRBIEE

AE 2E ;

250~1000 mSv |o]gEEEE g HARV MBI E(EGHEDK ~ BIMEKED) -
AIEARGEXRNEE -  BABEEREZRE -
1000~2000 mSv|EIE#E ~ BB/ - IRH3IRZE - MiEPHERBMEK
D ERERIE -
2000~4000 mSv| 24/MSAERELD - MEM - BUBRABHE - E&A Ik
- E5 - BERESABESMEI - OJEESET -
4000~ 6000 mSv|Eipy & B - EEARMERAIERERE - £2~6EALT

(Lethal Dose) |#EZ&50% - (50% probability dying within 2~6 weeks)
>6000 mSV LREEEEE - SFTERS100% -
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(2) EEBEEHERIFE (Local tissue acute or delayed response)

KB AL - BRE - mEREANE - 8 85 - BU—RES -

BEE | kSRS 5wl RS EREREEENEL - LIRS
HRM(IATBES) - SRANME - BEETAKE -

SMiKeE |ASBAEMEE @ RN/ - FWIRERES
MiRZ#E - E#HKaRMINEE - HU e ERME(RERAMR) -

HIERE | REMNEEZ2EEERBIED - Bl - EERBELRR - )5
NEZSAHK  RBEHBESR - KELM(AZRELLED) -
BAZHEERUL - EMESIREN - I 5B 33E -

BRRER | MESER - b R IERIFERICHE - #-1311RAABEE - B
WKW - SRR - WPEEEHE - DUBUREFHRERH MmIE
K2R - Sl BE SR FRARERTE -

FIHEEEE | BFEA—RER 5 AFL Lo GEEBUKAAR - BIER(E
g BREBIIORE - X FAREIEHNR 3 % - EZSHE
SREZIFFEOIF - M RITIEEEAAE - 5Ela - BafZEk
EEEENFIRE - BERARSIREERPIERHRE FAFE -
W2FERZVPERHER - ZEHEHNTERRAREER -
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Radiation Dose and Regulations
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3.1 B AV IR STHE R 28 D

Basic Principles of lonizing Radiation Detection

£ T B _ .
=
HEALFEOET 5 ® g §
(XHIES ) D ? BHUHK rﬁ@ g %
r [ et | &(GEME |
= . = :
: ' =y B4 TF |
®/ ‘ = g O— s
- B iF §
BT FERR EHEF E
R R MBS
Gas Detectors Semi-conductor detectors
RS TR EES PR EE - %&Tﬁ%&#ﬁﬁ%{é*ﬁ%tﬁﬂﬁi
s pk BB EAHE RV E FEEE ¥ HENE > EEGEREERE
o EE ZEiiakikE - Z%%Eﬁi%/n% R EE

Z BBk



3.2 AEREWE 145
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75 ARV (=

Detections and Measurements of Internal Contaminations

E5&HALE
(whole body counting)

o] HEZBRRINTAIRSAFr 2B KE
B - HEEASE x 3 yRERAIER
SEEEPZREM OEERIE -

T T ¥

mAfE

EX=E gl

FE7thiE

(biochemical analyses)
%EEEIHYAE’\JHFEIH@(EE +fx ~ I
RE)  BIBESEIREMUEA
BUBESE R SEIEE - KHE
FERMEHI RSO EIES (o~ By »
X) BRI 5T M A FE -

LBEEEST
(chromosome variation

Ly §A N7~
# S
<
— r
Yy’
<
K

‘%.
g
N — XX '
Q 4+
-t\- /é/
‘

\l

\?\
>
o d

A

\%
2B

Ny ,
y? }ZX \\X




3.3 ABRRIMNBIE &)

I

Detections and Measurements of External Radiations

1t &= 0 22 m >

et T

Film Badge

‘a_-

FIRRHSEE

s pRRt®

Radiation Survey Meter ™ ..,

66



Automation und Messtechnik GrmbH

1S dmw  szwtowatsizaa

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

Dose measurement from 1 uR to 1000 R
Dose rate warning from 1mR/hto 10 R/h
Dose warning from 1 mRto 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

aukomess

SZINTOMAT 6134 A

UNIVERSAL, PORTABLE
SURVEY METER
FOR GAMMA RADIATION

Seaditbidn

67

Automation und Messtechnik GmbH a“h“mess

@ 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

Scan LW



EHESEHIE ZPIR(E e
The Gate Detector installed at
a gate of a radiation control
area

B RASEE 2 P9 BN 13

The Gate Detector installed at
harbor, airport, industrial
park...

68




3.4 IRiR R 59 5 A

Atmospheric and Environmental Detectors
BKEIE AR Z BT EZHMI

ia-iﬂm% =

% _ g3 Zimﬂﬂélﬂumﬁﬁl%l

// 4 e = E T \ e
5 X - - o N
# E S SN
| 7 - ‘ N\
Sk i\
> e o Ni

e (P k1
D) Sl AN : \\ | @ i
A TR - | WHPICH (AE)

69

HPICH; imﬂl L)
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3.5 BT EER & &l (Control of the Radioactive Waste)
D ST BRI SR TR —

Radioactive Wastes were originally from weapon development

The Story of Atomic Bomb

World War-I1 - German Discovered Fissions

—= Albert Einstein urged U.S. President Franklin D. Roosevelt
) ) L:3m, D:0.71m
—Manhattan Project &. J. Robert Oppenheimer
o, 235 Conventional explosive Gun barrel
L—97 % U p

20% 77U

99.3% *7°%uU

10% 2°%uU

WEAPONS GRADE URANIUM

NATURAL URANIUM

Compaosition of different enrichments of uranium.
Hollow uranium “bullet” Uranium "target” spike

CHEMICAL 5XPLDS|VE METAL TUBE URANIUM

CHEMICAL
EXPLOSIVE

URANIUM

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

Nuclear weapons of the fission type.

Uranium for "Little Boy" was enriched in
R L calutrons and by gaseous diffusion at Oak Ridge,
Tennessee.

—
FORQUS ~“BARRIER™ 5

Separation of uranlum iso-
topes by gaseous diffusion.
The uvranium-235 atoms pass
through the “barrier” mare
readily than do the uranium- -— (= —
238 atoms. Theousands of such

units are connected pereTER FEEe

FTRRGR G AR Al B AZ A A T AR B 5 RS AR KL B AG Sk BE AT



Little Boy (BEEF3E) "

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 (RIFRFi&)

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.
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Izl

(Nuclear Power Generation)

Nﬁi?ﬁ'é*l]“ %R

—
PY = E l\

=] l
Fuel peilets for a pres-
surized water reactor.
° Th u;iaigﬁum oxide con-
tains u at 3 percent
ngh Level Waste (HLW)

and Medium Level Waste(MLW) @W%

o {EFSEEH
Low Level Waste (LLW)

b

IR T R A
+ P R EREEEH '
(% gﬁ%f& B%EE*SI') - ' : ‘::ii;fﬁwﬂ)

‘m

HEFEneRELE
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F KX BELE

E?%E(E&E BB 2021$6}% £32020)

TR HE LG (%)

= 93 95,523 789,919 19.7
5Bl 56 61,370 338,671 70.6
o g 50 47,528 344,748 4.9
R ZEHh 38 28,578 201,821 20.6
HZA& 33 31,679 43,099 5.1
g 24 23,150 152,583 29.6
ENE 23 6,885 40,374 3.3
M=EX 19 13,624 92,166 14.6
S5 15 13,107 71,550 51.2
5 ] 15 8,923 45,668 14.5
PPt 7 7,121 55,825 22.2
EE 6 8,113 60,918 11.3
i £ 6 6,882 47,362 29.8
EEHTE 6 2,332 9,639 7.1
ag 4 3,844 30,342 12.7
it SR E fth (42 5T) 48 (443) (393,226) 2,553,208

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



v ok XE'EI;'-I:I:%WE ST z~ Yo
K% < 2016411
FIKZpc s B RED=(BEDP . B F11E
As of November 2016 2015
Number of  Nuclear Capacity Nuclear Generation  Nuclear Fuel Share

Country Nuclear Units {(MW) (BkWh) (Percent)
Argentina 3 1,632 6.5 4.8
Armenia 1 375 2.6 34.5
Belgium 7 5913 24.8 3756
Brazil 2 1,884 13.9 2.8
Bulgaria 2 1,926 14.7 31.3
Canada 19 13,524 95 6 16.6

| China 36 31,402 161.2 3.0 |
Czech RP G 3,930 25.3 32.5
Finland 4 2.752 22 3 33.7

| France 58 63,130 419.0 76.3 |
Germany 8 10,799 86.8 14.1
Hungary 4 1.889 15.0 h2.T
India 22 6,225 34.6 3.5
Iran 1 915 32 13
Japan 43 40,290 43 0.5
Korea Rep. 25 23,133 157.2 3.7
Mexico 2 1,440 11.2 6.8
Metherlands 1 482 3.9 3.7
Pakistan 4 1.006 43 44
Romania 2 1,300 10.7 17.3
Russia 36 26,557 182.8 18.6
Slovakia 4 1,814 14.1 55.9
Slovenia 1 688 5.4 38.0
South Africa 2 1,860 11.0 47
Spain T T.121 54.8 20.3
Sweden 10 9,651 54.5 34.3
Switzerland 5 3,333 22.2 336

| Taiwan. China 6 5.052 35.1 16.3 |
U K. 15 8.918 63.9 18.9

lus* 99 99,868 798.0 19.5 |
Ukraine 15 13,107 82.4 56.5

Tatal 450 391,915 2.441.3



» 3 B 14 BE ) BY 2 4 (Generations of Radioactive waste$)

BT EEBESEREARNEEAIA o] e EE T 14 EE
(Radioactive wastes are generated from various radiation applications)
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Z AR IR I ST M B E RIS

REPROCESSING INTERIM STORAGE
N

: (i &

[ap ”
Recycled uranium

High-level _ Spent nuclear
waste fuel (SNF)

NN Ref: Nuclear Energy Agency (NEA)
~ WASTE DISPOSAL The Nuclear Fuel Cycle Diagram
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(Radioactive wastes are controlled by the governmental level)
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b= - PREENAEERPEIEE
(Temporary storage of HLW and MLW)

Tl S AR B S & E =R REBXNEPERERZR
tZBEEB AV R BRA R A Sz P HART1F 1
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RIEREBNEREENREZEENE

(Disposal of HLW — only geological disposal may be accepted)
R ZEEZEE (outer space disposal) i 3h oK J& 3R 38 (polar burial)

SURFACE ANCHORS
AND SITE MARKERS

re =

ICE SURFACE

ur TO ) EXTENOCABLE
AMELT
1000 WAFER LeGs
METERS - .
| MELT DOwWwry ANCHORED SURFACE
J EMPLACEMENT FACILITY -
P

lce-sheet disposal of solidified radio-
active wastes. In this scheme, contain-
ers are supported at the surface or
aliowed to melt their way down to bed-
rock. (From High-L evel Radioactive

I
EARTH ESCAPE

Extraterrestrial disposal of wastes by use of rockets. !'n this concept, the Columbiz Wasre Manzge ont A ?

i § m ¢
shuttle takes wastes from earth to orbit around the earth, then they are put in orbit around WASH-1207 gLJASA Ato icernég;:i‘s-
the sun. (Cour—tesy of the Marshall Space Flight Center. National Aeronautics and Space Co ission, 1974.) m gy

7 = g REME RS

(deep sea burial) (geological disposal)

r——[—_‘/ HANDLING FACHITY

SEA LEWVEL

The seabed disposal e e RAEREE R
technique. Holes are — UNDERGROUND -
drilled ‘r::-\ the ccean floor, & %%’EH'CLETI
or pointed canisters are L:-;" TO TS, SEALamiIn
PENETROMETER @j D::&,;,"NG aliowed to bury them- z ME‘;ERS
ME T EMPL ACING selves deep in the sedi- - il
i ment at the bottom. Z, SUBSURFACE T wasTE x
H Seabed disposal is con- l":“sﬁié‘:aﬁsu“c CANISTERS P
sidered a backup option. e A el HO(;ESTL"N:‘LE?_OHJ‘
(From Raymond L. Mur-
ray. “Radioactive Waste Emplacement of waste canisters in a
- PR S ST Storage and Disposal,” mined cavity, a currently favored
) - SEF"“E';“" o Y _ e Proceedings of fh‘cf' IEEE, method. {(Adapted from High-Level
- - - ) e mmt ) ‘ Vol. 74, No. 4, April 1986, Radicactive Waste Management
> ~ = » I p- 552 1) Alternatives. WASH-1297. U.S. Atomic
l ~ Energy Commission, 1974.)

SEASED ROCK
= = g
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T Bl B s AV BRI IR BE BE R B IS BT 1735
(LLW temporary storage)

& B & W R AKPE B TR 5

/\ 17-3SDHERE - LIBAMMES
LELE3 i';' ;
I . -‘:h\i 11 -

—-‘R'»E —-J—-_-.-o-/

| o il 494 % ke d
o o5 J
» koL 438 ?32 oy

()0 [EL 80 7 PR

nEaRsERER B ﬂ%w}ﬂﬁ CRER(EIERE),
ﬁu%ﬁ%(%ﬂ_iﬁ) T%iéWMu%ii%%W( 3
BEE) 3 ﬁif@%iﬁﬁﬁ}\ SKHELR (F4EEE)
ABKREEBZRERRIERMER I RESR) T
%W@Wﬁ (E5ERE) -

K

1982&5%?&)5@ g%

MEGEERN SSEE WX
1996427 F L8 6 — R AEH
SATREA 97,672 1

£ P86, 380K AL B

11292F 52 M2 TR HHES

(i B % B BT AR B 100,27 748
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3.6 IRH B = 2 AR RE
(Regulation Limit of ionizing radiation)
iz ik R 5 Ph S A — b R ER T PH R AR 1T Al R )
7 i B 5 [ e€ 2 1R 4E(2003.02.01 B4 HE 1T,
2005.12.3012&71)

» F % 2 PR {8 (Annual Dose Limit

E=PEE(ZEHFH/F
Hay HEZRE AnI;EuaI Iir(nit (mS/v/\a)

Tissues IRNEEAS
(Occupation) | (Public)

HN{EC 1R 3T ?EE 50
EETES (BYEIE) |asisss

K Effective dose | s£149/1\5220)

HRBKOK SR Bs
B LE HE RE 3 Eye
FEisE fi& 1 48 4k
BiER E




T AERISET ZRE

(Regulations w.r.t. Wearing Personal Dosimeters)
HEIR2002F A A TiFREERFIPAEER . F15F - K

(1)

(2)

ELABSRISERNBEREAVRENT .

82

HR2008F 1251 2 "Rk iR S P& AE1TAR R 4 SB61%

TIFAE—FZREBEUREBFEARERETTZ=
ZA(EREAFENDR) EAMEIESR 6 2H5%H

- BREK

Keie ZFEEIER 50 2tus% - KEROAKRZEER
=7/ 150 2fu%) - EEXEHIES TFA B EhkE 5T
=58 - — L EALFSEERMTAESRSE

EEXFAEETLFAESREDS ﬁﬁ"EﬂEIAWJEBEF-I-ﬁ

2= %(@T%HMHZJEH#,R) B IFRIRE A
BIASEA -

REE

J’E%Fﬁﬁ%ﬁﬂ R B = () E =8
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P2 LRk iR S SR IBIRIE ZIRE
(Regulations w.r.t. Handling ionizing Radiation Device at
Academies and Universities )

RN E RO SRS RERIEAREIRINE
(2009F{ZEThR)FE3FFRTE :

rEE’:‘%&%E’E%EAW}KE?EQT"‘ETH’E‘JIV%% EI
s PEFEBR - KERRERBMHRE B ZHE Eﬁn)&ﬁ&%ﬁ-i °
> EEH@F‘“ ao 0] Z BR BT RRRE Gl AR TS R 2 B2
E ERERRGIISR 2 EEED - F MR B EEE %%‘J&I‘%%‘-E FEEE -
C EREBRGEIRZAE - .

—IBEABRBEFERFEY Sk 0] R LR IR RGN - BIERG1E

AE

RE| ZIRERERE RIESPHEEY - (BIR(EF EWEIZ s alsE 28 a5k
EEETFE&ZM%}‘E#@ Soy o] S ANt iR IR IRNS - IEESBAER
IBEETNAZ -

"LCHIBRFEFRRESERE - KEASOR=/E - ..



PRSI FEI B LIFl& ZHEE
1% i okt 5 Y B RE L 1R #E (2005 F 25T hR) SE 101K AR XE :
(Special Rules for Protecting Young Trainees )

T+ AERE/\SES R rEREg TGS  SEAEESEE
KTHZHE -
(L) BEUBEEREEBE6=HE - > LIEARN
(2)IEIkK REE Y ZEE SR S838 50=/E -

(3)RZ B MUY~ Z BB =R S4238 150 =SF3E - |

PR LM RE 2RI ZIRE
(Special Rules for Protecting Pregnant Workers )
iz hs R ER SR RE L = 1R #E(2005F BT AR) SF114% :

"EERFEXHEFTFAESHERZRE - BEIREETFRG - £H
MRhasi e R Z R — IR AHR 282 5iPhE L -

"AIEXMEF AR - EREREREE FMERAZEFEBREATESR

84

2203 HEARARFEZEEN ZNEANEE AFEB 1=HE% -



4. bz i e FY PhRERYZERA

Basic Principles of Radiation Protection
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4.1 B2 Ph RS RY R Al

Principles of Protection for External Exposure
p IS (Time) : ARFE R ERSTIS P HYEEIGE
» =il (Decay) : T B 5 R IR Y88 [E B = B IS
[&] (HER & (/R RV ST IR)
(=(C,- e
» FE 3 (Distance) : TN 51
i 58 5 P8 BB R 75 B Sz BB

» Fiiii(Shielding) : ERAE
1E A B iR =

At e
=)




4.2 B2 Ea5IRRRERY R R

Principles of Protection for Internal Exposure

»fH% (Blockage) : FEAEB S E
BORAEAARANEE -
MR B AIBHE T AR B 0o 1275 it

» RZEIRUT ~
A RA - 3B INHEE -

4L E

AN

5 38 B

P& = (Dilution) : R ERETRAVZERELKLEL

ARRBRNZERVKMUAKXRE®RE - EH

I RIS E Y=ty S

78 (Dispersion) : ¥ 2 iE5 5 AIE

” ERRAEMEH -

» [%55 (Decontamination) ; J0&;5

/’EEI’J__{’E Al

P2 HERURRE -

st
AL

’;_-|--|-

Hia

=

=5

hll A BR
I FERS R EH RIS RAIARRTY)
SIETTERS - EEFMZRIREES R -

TERE - IR
Rt - {8 AR

BREA -

ﬁﬁfﬁ'

*

*

TEEI*




88

4.3 ig5TiRE EE NN B iRFISET &
(Calculation of Radioactivity and y Field Strength)
P i 5455 € 2 =il (Radioactivity Decay)
- ISEIRIFE R (Exponential Decaying Law) :
EEMEZIRAESTRE EER P IR 2 B RRSE

B (15 ZIERERIGEG ZRINEE -
In2

C.=C. .e " A=—— t : RiEIS
/ T O f T1/2 ?m ‘JFEﬂ

a2 B SHEH E%HH

BE(Ci)=3.7x10'°E 5 (Bq) il
= FH5E ¥ =EHf
®0Co 5.3 £
137¢s 30.0 &
WGy 28.1
1921 73.8 X




> INEEESIBEEZES OB (EEMAGTERIER
AT EHIET)
(Simplified Calculation of y Field Strength)

SHREEC : BE)
00053 . & o THRAER(MeV)
H~ b (Sv/ h)
/ d—1
MERES IS T EIE® B RZIER (A R)
(AFHFB/NE)

e : @

—

89

T : ITHEABFRIERES0mMSy = 0.055vE -
FTEIREA 8 h/day x5 day/week x 50 week/ yr
= 2000 A
| £ ZEPR{EA 0.05 S1/20004 = 2.5x107 Sv/h=25 uSv/h

:II:.III'
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4.4 EE %TL_' TI'||-1-'-Z":%%(Shielding w.r.t. Various Radiation Types)

poifll FZFHEE :

ol FEEZFZENESS - AfeFEZ5/E(Dead Layer)
_Jﬁxﬁlﬁﬂjta+ﬁ¥(a§’/"§ﬁa§!ﬁ7 5MeV1ZEJ:ZﬁEE '
O FBEKE) - Hitafl FERIMEAEZIBRIIES -
ol 2 B BB o IAERE - 1E|oc:ﬁl?ﬁI]L)\Ea
A - BIEESINEE %&(WR)EEZO HEIEEKERE
IEE - MR/ o FEARREA -

(o can hardly penetrate a thin paper or out-layer of skin ; the
inhalation &. ingestion of a emission nuclides is the concern.)

PRI FZFEHEE

BHIF 2 ZE N B - B 1 MeVZPRIFED
hTiE{T3.3AR - PN FOITBREZFE AR
TREEASE  BEEmETEEERTAS -

( B can reach the inner layer of skin and causes skin injuries)
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pPFIZRESE :

—RRIEZBEER IF MR BIR 2 BME - 19/ D JHK
BB P FIRS - FMP FIIETHZESERZE
RFFRZINMEINK ~ BRB)RFEPF - ZAEAE
oIk W BS (AN HR - 10) SR IR UL op £ -

( Hydrogen abundant materials are used for slowing down
neutrons and neutron absorbers are used to capture neutrons)

Py Bk X S4R Z FRE

v 5 X 5 e
MEZ2ZFE R -
WEERAZRS
I E B Fifr (M
B i) - AEEAXIME
gy 3 XHIER -
(High Z or high density
materials are used for shielding y-ray and X-ray )




4.5 Sy 3 XHE TR

(Simp
=

92

X i &
ified Calculation of y-ray and X-ray Shielding )

“ERE : Rl

AY

ty B XSHRERSISE

=27
>Z

MM E R,

g HREMEZ:

: (B[R

(HVL ; Half Value Layer)

HVL w.r.t. different sources and shields
REE  #H(cm) E&L(cm) #icm) 0000 | L. .
sources Lead Concrete  lIron i = .
137 0.65 4.8 16 .
(0.662MeV)  TEe >
0co 1.2 62 2.1 H,: kIR AIESHS (Sv/h)
(1.25MeV)

50kV X-ray 0.006 0.43
100kV X-ray 0.027 1.6
250kV X-ray 0.088 2.8

H, : MF#ENEESIS (Sv/h)
t

1 \Ave
Ht — HO X(Ej
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4.6 ¥ & A o] BE 1% B8 2 A9 57 Bt = 59 2R R

( Potential lonizing Radiation Sources at Cambus)

> RIEMEFHIE
(Jﬁ‘ﬂ B JE 22 1Y)
B E 1‘ _Q-M?

F f ?SIE’J«..'.‘..‘HQ'H? -
EtiEARINI-63 :
(T1/2~100y ’ B_~67keV) >

A ARVERFI P ERT S

&8 a7 P =3 NBAIKr-85 : f—iﬁﬁi’&k )

(T1/2 ~10. 7y B 687keV) _*X.W%IIF$DE§RSEIB¥
TR RERGMLET BB AIAY Cs-137 ﬁzaﬂﬁ =t
- im%ﬂém 224X IF

i
F:E

- RS EERII EE (1

N=EilF
E%g i@@% ] b3 £4

> IR{Eol S8 R BR F AR i
- 10 BERF X-SeHE - XoH RS
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5. #5558 (Conclusions)

AN REET RINEEET
BETERSHEEN TH/RR R
| an-made Natural |

@5«1&)@@%@1@

| Radiation Sources and Fields

Y v

Internal Exposure| i8N IR E& A JNEREE |External Exposure
WB Counting ﬁ%é—*iﬂﬂ g;@%yp ZSH] |Dosimeters &.
&. Biochemical 17 1% Survey Meters
Analyses.... | i i B 4= {43 HT B B B S

EABSMNES IR - B = EE FER
BEARNEHGEER - HE W o8t RIS
e iR PR IR A Ze BH EH e

Personal Protection Principles + Facility Management and Regulation Control




