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- 1896 —Becquerelo] $-etg (U)o 23 E o
Abs A

- 1898—Curie7} 2}t ¥ (Ra) ¥4 &4
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1) A7t 719 1 U-238 series 134 mrem/y

Th-232 series 34 mrem/y

K-40 33 mrem/y

Rb-87 et al 1 mrem/yr

2) 74 36 mrem/y
3) 34 oste] AAE AL

2 mrem/y

A 240 mrem/y

* UNSCEAR 1988
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— 3} 2 & (detrimental) && o] &g (horm-
esis) Qo A WAL HE o] AL

g2, Aeds 5
@) 71% 8 259 7)%57
~ A4 L yEede] Bug 24
~H85A 95 2 £o A9 %
SE!
~ G e (A F9, Fa} £3F)
— A g 75A

EFFECTS single brief exposure annual dose rate
Testes : — temporary sterility 0.15 Sv 0.4 Sv/yr
— permanent sterility 35—6.0 Sv 2.0 Sv/yr
QOvaries . — steriity 2.5—6.0 Sv >0.2 Sv/yr
Lens . — detectable opacities 05—24 Sv >0.1 Sv/yr
— visual impairment(cataract) 5.0 Sv >0.15 Sv/yr
bone marrow : depression of hematopoiesis 0.5 Sv >0.4 Sv/yr

Skin : — erythema and dry desquamation
— moist desquamation
— tissue necrosis

3—5 Gy (symptoms after 3 wks)

20 Gy (blistering after 4 wks)

50 Gy (local cell deaths in the epidermal and
dermal layers after 3 weeks)

23X ¥k (LNTlinear no-threshold)

organs or tissue, T risk factor, Sv™! biclogical effects W
gonads 1.0x 1072 severe genetic effects 0.20
red bone marrow 0.6x1072 leukemia 0.12
colon 0.6x1072 fatal cancer 0.12
lung 0.6x107? fatal cancer 0.12
stomach 0.6x1072 fatal cancer 0.12
bladder 0.25x 1072 fatal cancer 0.05
liver 0.25x10"* fatal cancer 0.05
bladder 0.25%107? fatal cancer 0.05
oesophagus 0.25x107* fatal cancer 0.05
thyroid 0.25%1072 fatal cancer 0.05
skin 0.05x1072 fatal cancer 0.01
bone surfaces 0.05x107? osteosarcoma 0.01
remailder® 0.256x 1072 fatal cancer 0.05

* remainder organs=adrenals, brain, upper large intestine, small intestine, kidney, muscle, pancre-

as, spleen, thymus, uterus




1) 2 &3 ABH ¢ AT A=
=4.0x10"%/Sv

dose limits recommended by ICRP-26 (1977)

2) $A4 £%: 404 F2 AT 9

= = 1.0x10"%/Sv

workers - public
effective dose equivalent Srem/year 0.5rem /year
any organs except lens 50rem / year
lens 30rem / year
dose limits recommended by ICRP-60 (1990)

workers public
annual acceptable risk 8x107*/year 5x107%/year
radiation risk factor 4x107%/Sv 5x107%/Sv
effective dose-equivalent 20mSv / year ImSv/year

(2rem /year) (0.1rem /year)

dose limits set forth in 10CFR20(1991)

workers public
TEDE Srem / year 0.1rem/year
any organs except lens 50rem / year
lens 15rem / year

10CFR50, Appendx |

— Numerical Guides for Design Objectives and Limiting Conditions for Operation to Meet the

Criterion “ALARA”:

LIMITS IN UNRESTRICTED AREA
liquid effluents — total body dose
— doses to any organ

3mrem /year per unit
10mrem /year per unit

gaseous effluents — total body dose

EXTERNAL DOSE LIMIT IN UNRESTRICTED AREA

Smrem /year per unit

458 H133 X3%

— skin dose 15mrem/year per unit
4, A vze JE 5 L AR B3 7)1Ee] 242 dFE dE
QA Eer YEAES Ayl go] g &
FEAR OF RADIATION IS KILLING PEOPLE AFgd SAE T2 Uk o) g2 A
AND ENDANGERING THE PLANET TOO : g 71dsle HAs e HETE Aol
Theodore Rockwell, MPR Associates Inc. A e Ao wEam JFHoz Hr)
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5. T.D. Luckeys 19973 A ek Hralad
N ZE Qe g B AEE F A A
st 1 ARE A Est gt o] ARe 1A
3T QIZt—dol HFHE AAH¥ HF #
2E ZAR stgrh o] zAsd 9st

FH AlgEol o #e & A4

©
)

F 1. Number of Events Occurring Daily in Each Cell of the Body

Radiation

Metaboli
elabolemn (100 mrad/yr)

Free redicals created near DNA
DNA alternations
Un/misrepaired DNA alternations

Mutations : Persistent un/misrepaired

100,000,000
1,000,000(1 in 100) 0.005

100(1 in 10,000) 0.000,01(1 in 500)
1(1 in 100) 0.000,000,1(1 in 100)

Ratio of mutations, metabolism to radiation : 1 in 10,000,000
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Fevs, Agu, g, 5389 4%, 98
Fo REozRE f¥e vI Ytk A4
o olge ol mE BANESL A4
S Ak 2y $2E olF Fe el WAl
4 YABE F2A A9e Fon AF
%47] W20 we Agsc T BxL 9
= otk $-2E olzle] A8 Aol ok
B g ¢3 Atk 2eln = 23T
1 33 2e ARE BAZ Ft

MOLECULAR BIOLOGY, EPIDEMIOCLOGY,
AND THE DEMISE OF THE LINEAR NO-
THRESHOLD HYPOTHESIS © Myron Polly-
cove, U.8. Nudlear Regulatory Commission

1. A Ad Zor EzF AE3sH(molecular
biology) B AX 7%l W 2o A4
M, AEH AF 2 A

F45% 240 gom
Faol Aol PR + gt A4 £%
g 73 9t ofE AT & UA A

2. 1998\d Pollycoved} Feinendegene &%
g DNA £4%4 AAAS(DNA damage-
control biosystem)-& Z Awstn ¢t (o9
D BE AXIGAL Z8-o A 4tae] 2~3% &

~10°

0=

10"

Human Bodvt10™ cells)Events/cell/day

Free Radicals
Rezctive Onyen
Spectest KOS1

DNA

#2l7](free radica) 2 AEAt. F27] FA
&2 3F AEY 10100t} o]& 1080]
DNAE &8 #A =i, Ak A]A (antioxi-
dant)7} o] f2l719] 99% 7}%E& Al
Hoj Ax Atste] ofg 4 A4 E<Q DNA
HEe sFd MEF 1060] Hchk o] 106
DNA #Wd& F4 1A (enzymatic repair)o
ojste] @A il of 102 MY AFE
5 DNA €3 gwlo] A Hth 181 ol&
AfES DNA®ESY ¢ 9%e AEAE
(apoptosis), A} E3H(differentiation), 3] #]
(necrosis) ¥ WA E(immune system)o] A
AsHAl €} webA R B AlxE 1)
7ol EAWoll AN FHEHS TAX
(stem cel) o] Ao F<+ =31 & oty T4
#HE DNA 484 588 ZA2A74 H
Aot} o]t Y53 E&HA BAAE
T4 AT ot Ffg WA, 1

oopoex oro e

g ok,

( JFraction of metabolic DNA damage from low LET

- loli

DNA Oxedattve

‘w@% Adducts by ROS

(~5%107)

hackground 1cGy/y radiation DNA damage

Mulations

GSH, SOD. Catalase.

Antioxidant

Perogidase, e,

Figure 1. The DNA damage-control biosystem, Estimates based on data in
literature, Pollycove M and Feinendegen LE
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e A$)e ASE ol HeH &Fol &
g Aok o] AAAETLS AE Al F
2.2 t)-e(adaptive response)dtaA 1 A&
gol F7betA "Hoh(ad 2) Ad" HAR
A%, A AZo] skl B4R FE
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AEA BAAFTY AEH o A% 5E
200 In vitro
180
160} ;
1401

%
g 4
S 1204
& 100¢
E R
)
o 50
[
540

20
0

0 05 1 1.5
Dose(Gy)

A FRAog AL ZEe g dHel
g ZasA ste agvl g 2441
27 "Hoh dE oA, Az dpAE 0.
1cGyel A 1cGy2 108] =718t 2%, ol
et AAAE EA 2848 ITHE

% 7p3stohE, BalAe] o)d EdAdols
X107 /cell/d oAl 8x10"/cell/do.2 Z7}3}
A = ghdel, ARQAL ZHgel o7 4
Hols ~1/cell/d(® 1)o|A] ~0.8/cell/d
(¥ )2 g4asA "ok mepx] Habd e
A E8HA g Wabddo] AAste DNA &

o‘_] [e)

it

[\')‘_’
— O

Aol o st AYHE A Bris,
sapgo] o8 DNAS3e 35stn d3d
pge BAss AAAEY 584 FH
Fe w3 oshe] FFEca skt A

whEl A, AR HIALA L o] AR A E ol
s = HAoz ANAAL Zgol
Edolg Ags FAANA AF 99
7}

lﬂﬁr%)-ﬁlrﬁoi‘
ox

M ok

2= H?SHE% askA goh(d 2,
(Azzam, et.al,, 1996).

In vivo

14019
120/l
100
80
60

40

Change in Response(%)

0O 1 2 3 4 5 6 7
Dose(Gy)

Figure 2. Immune system response to radiation. Mouse splenic cells primed
with antigenic sheep red blood cells. Makinodan T, James SJ, 1990.

13



SHeLsE MH13A X3E

iy
z
3
3
2
2
B
o
]
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~10
- ( Fraction of metabolic DNA damage from low LET
Froe Radicaly background 0.1 ¢Gy/v radiation DNA damage
Reactive Oxygen
SpeciestROSH
- ~93x ~10°
DNA DNA Osodave
. Adduets by ROS
Prevention
b ~86
SisUrreparred
DNA Alterations
= " mutatons
(~3x107) (~109
Antioxidants )

vele Control
Repair T; =Xk
107%

GSH. 50D, Catalase,
Peroxidase, ete,

Figure 3. The DNA damage-control biosystem response to high background radiation=120%

Estimates based on data in literature. Pollycove M and Feinendegen LE.

1.2
2 10k
[s'4
E
=
no 08
2 P<0.05
S 0.61
T
06—
g
P
0.4

0.1y 12.0
Background

Dose Group <Gy Whole Body

Figure 4. Standardized cancer mortality ratio in 3 exposure groups followed
for 30 years after a thermal explosion. Jaworowski Z, 1995,

5. AAMALA FE97F & Ao A= A} 2 ZE A 9E o8z} (epidemiology)
gEo] £l F7retn & AbgAgTt A AT7r Ruga ok
st ddol 4 del AAA HaEo &
o 28 oAMe AdY g 2 Al 6. 19951 Jaworowskiz= A oAl HRA}
gk fFo] FHA A% anE 2T A 9F sl 2o diste AES F 1 Z
#E dHsAT 19573 FE g o3 14
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%

A HE 3 FE
227} wlgol Ale 7,8529W &
aZAgo 2 (HF 496

g A A
tate 2 3739
12.0cGy, 4.

[
e
o,
=

cGy,

0cGy) Uyol 30d B¢ F=Astgrk. 2%

#d A& 7
ZAs 1ot 7 AEZZTAA 28%,
% Z¥7} W

7. 1993\1 Kondo7} 83k o=z

of os

AL A] _qio]
(2™ 5)

12 Ao Ale EF v
30%, 27
Ao 2 etk (21 4).

A AR
Fol AAF
$o% &7E wolm Utk

, AREG JERE

8. 1995 Coheng w]= 2] oF 90%9

Death Rate Per 10° Persons Per Year

Figure 5.

30 40 50 60 70 80
i
10,000 110,000
1,000 F 41000
H‘}f £ Femal
COmMaic
wob® {100
p
10_ L 3 i 1 1 1 i

s 10
50 60 70 80

Age

30 40

The higher death rate after 55 years
old (dotted line) corresponds to the
people living in Nagasaki, who were
not exposed to A. Bomb. Lower
death rate after 55 years old(solid
line)

corresponds to A. Bomb survivors.
Mine, et al, 1981.
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2 34

5 6 7
i
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Figure 6. Lung cancer mortality rates Com-

pared with mean home radon levels
by U.S. county and comparison with
linear model by BEIRIV. m/me=ratio
of lung cancer mortality rate for
residential radon levels to that at 0
level (theoretical), or to that at ave-
rage residential level, 1.7 pCi/i. Coh-
en B, 1995
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9. (¥ N = &4l & Misasa A
gl Al FHlo] o A wee AL

10. 19913 Matanoski= 13de] AR wj=
dAE e 24 g Abel] g Mg
aL

I AE 19949 UNSCEARY Bog v}
7F At} o] ATl A LNT b33 Abu
He Aok dAES #e HabA ylEo
SmSv o/ H (¥ AME2 50mSvE R

IF) H& 28542 B 4R FAbL, WA
gZo] 5mSv o]&tel 10,462 9] FAlzl, 1
2|3 33,3527 o] v hxE FAR7E A€ Q)
th Z A Alge o 3 A walk

(25 4, 98, 494 ¢ 28718 ¢,

—_ =

2 P

SMR

disasa P<0.05

[T Control Area

Cancer

Male

Figure 7. Standardized mortality ratios of populations continually exposed to high

Stomach Total Stomach

Cancer

Female

]

Misasa radium springs, and low air concentrations of radon, Kondo S, 1993.

1.6

ers = 2000
on Workers - 33,

000

Standardized Morlality Ratio
T

0.6+

0.4+

All Causes

Figure 8. Standardized mortality ratios for
in the U.S. Nuclear worker cumulative

16

.
Leukemia Lymphatic &
Hernopoietic Cancers

selected causes of death among shipyard workers
dose:0.5->40cSv (rem). Matanoski GM, 1991,
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He F) EFsIEh 2 A= EF AAL
H)-&(standard mortality ratio)o] 2709 A}
g ZAzl Jde AL, E A & A}
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2
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3] A& B 4 Uk (29 8). °l&

11. 1995\ Cardis S°] 3709 F7H#H,
)=, Ay diste 38 AA Pt
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el gz ol o3t ApgAlpe HH o]
AttE FAZ goe 2& dFSE (2
3 9) whA¢dslu &g (CLL;chronic, lympho-
cytic leukemia) & A2} st W] 2§k Abt
2AeE AR HEAFT I dHel AN
th 95% % AlgRlg 1990 2 A, (one-
sided P value=0.046 ; 119 deaths) o]& 119
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13. 22" o 2, LNT 7} & RE Hage,
goll 77t Feolatx, ¥tk sHeh
, Aol Zr)e viEsle A HE
Eddol, & AfE5e DNA ©3d&
gttt LNT o] &8 o] &3l g ALt
& F3sn, olo] oJstd AWK Rox
ol g MFm APFAZF LA =He
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“As there was no reason to suspect that exposure to radiation B Observed Deaths(119)

would be asseciated with a decrease in risk of any specific type [T Expected Deaths(119)
. > atnstlls

of cencer, one sided tests are presented \hroughout.”

"There was no evidence of an association between radiation
dose and mortality from all causes or from all cancers Mortality
from Leukemia, excluding chronic, fymphocytic leukemis(CLL}
.. was significantry associated with cumulative external radiation
dosetone-sided P value=0.046: 119 deaths)”
Authors’ Analysiss  Dicluded data Dy Do D Dy 86 of 119 deaths
Included data: Dy Do, Dy 33 of 119 deaths
Trend analysis of dose categories 2, 5, and 7 for
estimated P=0.046 was obtained “using computer
simulations based on 3000 samples, rather than the

All Leukemia Except CLL Deaths

normal approximation.”
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Figure 9. Cancer mortality among nudclear industry workers in three countries.
Cardis E, et al 1995.
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Figure 10. Canadian breast fluoroscopy study. Miller AB, et al 1989,
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