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Summary

I. Project Title

Development of Radiological Emergency Preparedness Technology

II. Objectives and Necessities

A real-time radiological dose assessment system is essential part for
radiological emergency preparedness. The atmospheric dispersion of
radioactive effluents is strongly dependent on the environmental
characteristics such as meteorology and topography. Therefore it is
necessary to develope a site-specific radiological dose assessment system
with which the environmental characteristics can be considered. A
site-specific real-time radiological dose assessment system provides the
information on the atmospheric dispersion and radiological situation of
the released effluents in emergency. In Korea, a real-time radiological
dose assessment system named FADAS (Following Accident Dose
Assessment System) has been developed by the staffs of Korea Atomic
Energy Research Institute.

The objectives of this study are to validate the suitability of the
application of FADAS to Ulchin and Wolsung nuclear sites through field
tracer experiments and to analyze the effects of countermeasures using

cost and benefit analysis.

IIl. Scope and Contents

Large-scale field tracer experiments have been conducted on Ulchin



and Wolsung nuclear sites for the purpose of validating FADAS and of
analyzing the environmental characteristics around the nuclear sites. The
most influential factor in atmospheric dispersion' is the meteorological
condition. During the experiments, meteorological data were measured at
the release point and the selected positions among sampling points. The
measured meteorological data were used for the simulation of FADAS.
For the sampling of the released tracer gas, about 90 samplers were
disposed on arc lines along the roads in the radius of about 10 km
around the sites.  The tracer gas was released at the top of the
meteorological tower, and the sampled gas was analyzed by Gas
chromatography.

Once radioactive materials are released to the atmosphere, members of
public may be exposed through the environmental media such as air, soil
and foods. Therefore, to protect the public, adequate countermeasures
should be taken at due time for those exposure pathways. Both processes
of justification and optimization are applied to a countermeasure
simultaneously for decision-making. In simple terms, the difference
between the disadvantages and the benefits should be positive for each
adopted countermeasure and be maximized by setting the details of that
countermeasure. To express the net benefit of a countermeasure, the dose
that can be saved in the period for which the countermeasure lasts is the

relevant quantity. FADAS provides the basic information on the dose.

IV. Results

The concentration distribution obtained through field tracer



~ experiments on nuclear sites was compared with that estimated by
FADAS simulation. For the generation of 3-dimensional wind field, the
domain has been considered to be consisted of the cell with the size of
Ax = Ay = 1km, and Az = 30 m. The wind field has been generated
over the domain of 15 x 20 km? in X-Y plane, and 990 m in vertical
direction. The comparative study shows good agreement between the
measured and the simulated concentration distributions. The angles in
which the maximum concentration represents are quite well agreed
between the measured and the simulated distributions. The concentration
distribution agrees well within a factor of 3 and 5 in Ulchin and
Wolsung experiments, respectively. In the case of Wolsung, the biggest
difference between the measured and the simulated was represented on
the nearest arc line. It is considered due to the valley of 200 m depth
along the arc line. A lots of the released gas was gathered along the
valley, and it made the concentration of the gas be higher than the
forecasted values.

FADAS has been adopted a basic part of Korean national radiological |
emergency preparedness system CARE. The site-specific characteristics
obtained through the field tracer experiments have been reflected on the
system.

The method for analyzing the effects of countermeasures against a
nuclear emergency has been developed using cost-benefit analysis. A
compartmental food-chain model DYNACON has been developed and
used for the calculation of the concentration of radioactive materials in

the foodstuffs.



V. Plan for Application of the Results

A real-time radiological dose assessment system provides essential
information in nuclear emergency. A real-time dose assessment system
FADAS has been made by the staffs of KAERIL At present, this system is
being operated as an important module of national radiological emergency
preparedness system CARE.  There are several recommendations for
useful and effective emergency planning. In the early stage of accident,
the estimation of radiological situation may be unrealistic due to the
uncertainties from the lack of knowledge of the source term. It is
expected that the uncertainties will be reduced by a further deployment
of in-plant, on-site and off-site monitoring, linked on-line with emergency
preparedness system. It is necessary to expend the computational area of
FADAS to evaluate long range transport of airborne radioactivity against
a large scale accident in foreign country. Both local and long range
dispersion and dose assessment system should be controlled in a
decision-making support system simultaneously. Therefore, the interface
between local and long range system is important for providing fast and

useful information in large scale radiological emergency.
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E 31 A9 % (Coordinate of sampling points)

EHA x- 3 y- Fi& A () Z+=(0)
A0l -3,384 925 3,509 285.3
A02 -3,100 716 3,182 283.0
AO03 -2,919 406 2,948 2779
A04 -2,538 334 2,560 2775
A05 -2,331 94 2,333 2723
A06 -2,969 -684 3,047 257.0
A07 -2,793 -911 2,938 251.9
AO08 -2,632 -1,152 2,873 246.4
A09 -2,620 -1,423 2,981 2415
A10 -2,547 -1,710 3,068 236.1
All -2,433 -1,973 3,133 231.0
Al12 -2,552 -2,227 3,387 228.9
Al13 -2,803 -2,370 3,671 229.8
Al4 -3,044 -2,570 3,984 229.8
Al5 -3,262 -2,723 4,249 230.1
Alé6 -3,378 -2,916 4,462 229.2
Al7 -3,452 -3,199 4,707 227.2
A18 -3412 -3,481 4,875 2244
A19 -3,290 -3,800 5,026 2209
A20 -3,016 -3,919 4,945 217.6
A21 -2,894 -4,188 5,091 214.6
A22 -2,715 -4,397 5,167 211.7
A23 -2,450 -4,618 5,228 207.9

- 18-



% 3.1 A% (Continued)

294 - HE |y #HE AR | Z=(e)
A24 -2,282 -4,799 5,314 205.4
A25 -2,120 -5,006 5,437 203.0
A26 -1,745 -4,984 5,281 199.3
A27 -1,627 -4,965 5,225 198.1
A28 -1,416 -4,834 5,037 196.3
A29 -1,166 -4,729 4,871 193.8
A30 -839 -4,810 4,883 189.9
A3l -485 -4,810 4,834 185.8
A32 -142 -4,863 4,865 181.7
A33 170 -4 817 4,820 178.0
A4 465 -4,671 4,694 174.3
A35 780 -4,655 4,720 170.5
A36 1,088 -4,600 4,727 166.7
A37 1,492 -4,611 4,846 162.1
A38 1,801 -4,590 4,930 158.6
A39 2,145 -4,503 4,988 154.5
A40 2,460 -4,499 5,128 151.3
A4l 2,871 -4,533 5,366 147.7
Ad4?2 3,088 -4.521 5,475 145.7
A43 3,325 -4,615 5,688 144.2
BO1 -3,407 7,840 8,548 336.5
B02 -4,393 7464 8,661 3295
B03 -4,920 6,640 8,264 323.5
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E 3.1 A< (Continued)

2HA x- ZF3{ y- HE A2 (r) 7Y (6)
B04 -4,859 6,000 7,721 321.0
B05 -5,751 6,427 8,624 318.2
B06 -6,500 5,600 8,580 310.7
B07 -7,098 5,369 8,900 307.1
BO8 -7,778 4,962 9,226 302.5
B09 -7,588 -1,978 7,842 255.4
B10 -7,665 -2,226 7,982 253.8
B11 -7,632 -2,604 8,064 251.2
B12 -7,659 -2,705 8,122 250.5

| B13 -7,637 -3,081 8,235 248.0
B14 -7,576 -3,405 8,306 2458
B15 -7,397 -3,689 8,266 243.5
Bl6 -7,192 -3,944 8,202 2413
B17 -7,189 -4,101 8,277 240.3
B18 -6,977 -4,276 8,183 238.5
B19 -6,727 -4,384 8,029 236.9
B20 -6,529 -4,508 7,934 235.4
B21 -6,387 -4,746 7,957 233.4
B22 -6,209 -4,957 7,945 2314
B23 -5,975 -5,091 7,850 229.6
B24 -5,701 -5,161 7,690 227.8
B25 -5,472 -5,286 7,608 226.0
B26 -5,211 -5,509 7,583 2234
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¥ 3.1 Al$ (Continued)

A x- Z3E y- FE A2 (r) ZE(6)
- B27 -5,106 -5,746 7,687 221.6
B28 -4,848 -6,037 7,742 218.8
B29 -4,620 -6,173 7,710 216.8
B30 -4,463 -6,309 7,728 215.3
B31 -4,317 -6,525 7,824 213.5
B32 -4,326 -6,782 8,044 212.5
B33 -4,385 -7,296 8,512 211.0
B34 -4,156 -7,513 8,585 208.9
B35 -3,887 -7,674 8,602 206.9
B36 -3,548 -7,815 8,582 204.4
B37 -3,250 -7,983 8,619 202.2
B38 -3,005 -8,197 8,730 200.1
B39 -2,721 -8,169 8,610 198.4
B40 -2,272 -7,947 8,265 196.0
B41 -1,976 -7,806 8,052 194.2
B42 -1,637 -7,697 7,869 192.0
B43 -1,248 -7,999 8,096 188.9
B44 -933 -8,197 8,250 186.5
B45 -618 -8,534 8,557 184.1
B46 -320 -8,835 8,840 182.1
B47 9% -9,334 9,335 179.4
B48 499 -9,585 9,698 177.0
B49 977 -9,533 9,583 174.1
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Bt 2d 992 £% 100 m 7+, 934 30 meg2 }Fo] FAhS BEA}
gt A F
A Ag (12200 ~ 12:10)3} wpA=t A]ZE (12:50 ~ 13: 00)01] =59 ZA0] 18

SEXE 39 329 39 339 AAEAT A XA

% o7k Uz B TPMIA FukR (1230 ~ 13:00)9] o 105 = o7}
g Ag AYSnE gAZ ASAT. RAE FEE 29) oM BE
dxste] wHF 2 FAAY AL 483 AFHAGE AL RAF
At

SEEEY F4o] oJFUE Re B3Y 4NEEZRE T T W)
JAE W FARAo) 1 kmPEW 7Hhe A TPHNA THHT
Pt 304 m2 FFo| Wt wGF7) oPy) WA Ao FEUh

iQ.
ot
=V
X

JN

2. 9A4FA F343

AAAH DAL B A Q] of gL 1998 59 1497 159 &
Uzt 22X FYPHAUT. THHL HE2AL FHo g FAUE 349 T4
F 228 gt AAFHAG TIVE B vk A 2R (BEHEFY
T A 1,674 m)o] 1974, B TIH (FEH 79 7 A: 4635 m)ol
07, 28jm 7k ¥ C =JA (L&A BT A: 9,09 m)ol 30712
Z 897l AX B XA HEE E 324, A4 A g 2
1485 AFE 29 349 29 359 AAEACE TR HA] & A
g 5& g3 2o

FA
. wE2AF 71 e ERJA: A0L (1,290 m)

rjz

oE,

CWEHGA A W 2HA: A19 (2,254 m)
CERAY B AR (ZFE): 261 m (445)

CHBEH A IRAAH ZHx: 2176 ~ 295.8%
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CWEES 7 b £33 B11 (3473 m)
. HEEAA 7 H 233 B32 (5,626 m)
CERAY F Ha AL (4 E): 238 m (2.0%)

CWEH S TIAHY 4x: 1970 ~ 273.3%

w2 H3 14 A7 A7 CO1 (6380 m)

o
HHN'
oy
=2,

A 7 H 233 C19 (10,524 m)
CERAY F Ha A (AE): 239 m (2.0%)

CHEY A 2RAEY 2 205.8 ~ 263.0%

19981 54 14 R WA d3F9 €A g5F 2o
9:45 F& 7148534 (NOVA) HA] A%}

- 950 AEY =4 g8
- 10:39 =3z W& 4] 98

11:30 W& A& (&8 30 kg/hrs)

t

- 13:30 23 A2}

olw FHAE G4 AAHTAL JIAY 58 m EoldAH WEsgoen ¥
&S sty HEgL A7HY 30 kgo 2 AP 48 & e F23A
o FAE Ao B AFAE F 69.35 kgo] WEEHG oM A7 T UF
Al WEstgom g A7ty 2312 kgo| HE® Ao FAAHUCH

7)dBEE 149 10 m, 30 m, 58 m9] 37] Eold & FTF FHA

Ao 49 B3I AFAGY 2HAHAE w2t 6xtldAM T TS
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F A 43 5¢ 159 104 30&F-H 124 30&7HA] FH3td = 24
A% 2447 A AR 2 BAE FReA g

b S Y Aks WEHY IXNE TFUA J1E TM 243027, 246321,
o] 58 mZ 1 EA F9L WEHE VIFLE FF 1 km, AZ 11 km,
32 8 km, £ 4 kmol] I3l HHYE 12 km x 12 km x 900 m (H3)
o] MYgE FAgon ARSFE 120 x 120 x O E AA 12L& 493 100 m
x 100 m, &3 10 mt.

HEES #5d AsEFE UZIGAEE At g &
Monin-Obukhov length (L)& Randerson[3.1]o] w&} oS3 Zo] FA3HHY

t}.
% _ (QIS+aZSS)ZO—(bl—bz|S1+b3$) 61)
714, a;= 0.00435, a,= 0.00372, b= 0.503, b,= 0231, b= 0.03250]x

S & PasquillGifford 7|4 E $3& A2 E8P R0 AE 3, B

i

2, CE -1, D= 0, Ex 1, F= 29] g zteth
nl&4 % (U log-linear pofile[3.2]-& A}&-3le 133t

ku
In(z/zp) — ¢,,(2/L)

U, = (3.2)

7|4, k = von Karman constantZ 0.359 A58 0437}4]9] & 7}HA
U gutEe g 049 %e ®ol A&
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¥ 32 3339 FE (Coordinate of sampling points)

TR | xHE | y-#E | AL | F=(9)
A0l -786 -1,022 1,290 217.6
A02 -907 -988 1,341 222.6
A03 -1,058 -949 1,421 228.1
A04 -1,180 -922 1,497 232.0
A05 -1,302 -842 1,551 237.1
A06 -1,409 -731 1,587 242.6
A07 -1,485 -620 1,610 247.3
A08 -1,518 -488 1,594 252.2
AQ09 -1,503 -339 1,540 257.3
A10 -1,520 -179 1,531 263.3
All -1,597 -34 1,597 268.8
Al2 -1,607 75 1,609 272.7
Al3 -1,664 196 1,676 276.7
Al4 -1,730 324 1,760 280.6
Al5 -1,788 450 1,844 284.1
Al6 -1,856 570 1,941 287.1
Al7 -1,903 712 2,032 290.5
Al8 ~1,963 844 2,137 293.3
Al9 -2,030 980 2,254 295.8
BO1 -1,284 -4,194 4,387 197.0
BO2 -1,427 -4,065 4,308 199.3
B03 -1,564 -3,927 4,227 201.7
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# 32 A& (Continued)

F2H x- ¥ y- &% A2 (r) ZTx=(0)
B04 -1,710 -3,781 4,150 204.3
BO5 -1,817 -3,640 4,069 206.5
BO6 1,912 -3,501 3,989 208.6
BO7 -1,960 -3,288 3,828 210.8
BO8 -2,028 -3,119 3,720 213.0
B09 2,106 -2,928 3,607 215.7
B10 2,171 2,775 3,524 218.0
B11 -2,313 -2,591 3,473 221.7
B12 -2,460 2,488 3,499 224.7
B13 2,616 -2,437 3,575 227.0
B14 2,827 -2,376 3,693 230.0
B15 2,986 -2,326 3,785 2321
B16 -3,152 22,274 3,887 234.2
B17 -3,349 2,210 4,013 236.6
B18 -3,532 2,158 4,139 238.6
B19 -3,701 2,210 4,310 239.2
B20 -3,902 2,269 4,514 239.8
B21 4,114 -2,284 4,706 241.0
B22 -4,279 -2,392 4,902 240.8
B23 -4,420 -2,312 4,988 242.4
B24 -4,540 2,190 5,041 2443
B25 -4,652 -2,054 5,085 246.2
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% 3.2 A% (Continued)

¥3 3 x- ZX y- % A (r) 4=(6)
B26 -4,760 1,896 5,124 2483
B27 4,965 1,890 5,313 249.2
B28 5,095 1,853 5,422 250.0
B29 5,207 1,761 5,516 251.4
B30 5,364 1,563 5,587 253.7
B31 5,426 1,424 5,610 255.3
B32 5,494 1,211 5,626 257.6
B33 5,445 1,005 5,537 259.5
B34 5,421 871 5,491 260.9
B35 5,407 -696 5,452 262.7
B36 5,374 491 5,396 264.8
B37 5,391 284 5,399 267.0
B38 5,423 100 5,424 268.9
B39 5,498 95 5,499 271.0
B40 5,566 324 5,575 2733
co1 2,780 5,742 6,380 205.8
Co2 3,165 5,655 6,481 209.2
C03 3,724 5,598 6,723 213.6
C04 3,924 5,490 6,748 215.6
05 4,074 5,408 6,771 217.0
C06 4,404 5,216 6,826 220.2
C07 4,779 5,078 6,974 2233
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¥ 3.2 A% (Continued)

Y | x A | y-AE | AIE | 2A%(0)
o8 6,037 5,835 8,396 226.0
C09 6,577 5,899 8,835 228.1
C10 -6,745 5,548 8,734 230.6
c11 7,231 5,334 8,985 233.6
c12 8,111 5,062 9,561 238.0
C13 8,392 5,054 9,797 238.9
Cl4 8,786 5,097 10,157 239.9
C15 9,260 5,177 10,609 240.8
C16 -9,280 4,962 10,523 241.9
Cc17 29,270 -4,619 10,357 2435
C18 9,374 4,408 10,359 244.8
C19 9,633 4,237 10,524 246.3
C20 9,637 3,739 10,337 248.8
c21 9,541 -3,291 10,092 251.0
c22 9,619 3,111 10,109 252.1
23 -9,502 2,965 9,954 252.7
C24 29,741 2,566 10,073 255.2

s 9,638 2,365 9,924 256.2

.26 9,479 2,192 9,729 257.0
c27 29,340 1,962 9,544 258.1
28 9,547 1,816 9,718 259.2
29 9,655 11,566 9,781 260.8
C30 9,884 11,209 9,958 263.0
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79 34 AHQAHBAL FIFHARAYG 2 PP A
(Wolsung NPP field experiment target area and sampling
points)



y e
. Sfusec
" g~ s0m
50~ taom
100 ~ 160m
456 ~ 200m
200 - 250m
250~ 300m,
300 >-350m
450~ 400m
400~ 450m

550 ~ 600m
800 ~ 8507

29 35 €4 ALY NFBSAH
(Meteorological measurement points)

-32-



zp= AEZEXE (surface roughness)e]x, ¢,(z/L)& FX9 wind shearZ

_ _kz du
bnlz/L) = 2 EE | (3.3)

Us

S o] BEM W7t 2AAF FelE

2
¢(2/L) = 2In 1;x + In 1-5x —2atan(x)+§7[ (3.4)

ANA, x = (1—152/L)"
94899 ASdE |
dm(2/L) = 0 (3.5)

I ByolE

bn(2/L) = —4.7% (3.6)
9 e Zte
AFFL P9 £l zoA NEF (G T3 2L WP uIaE
e U, A0 AES Ve 2 9 ues 22 34S 2933

-]
il

G [1—e ™ cos( 752)] (3.7)

<
|

G [e sin( yz2)] (3.8)

A7, 15z = (f )

f : Coriolis parameter
K, eddy viscosity
" A EoldX EAT FY FE22RE ATTY TFH olFE 7
2 A4

g o]

]

o

il
r-
NN

7 £PB2E AR B2 THoeRY 01 5 A
S

4, 9 AAGANA 0,94kt Axx
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o
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a8 36 XRE FEEIYS EAZAT (Comparisoné of

observed concentrations in A line)
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a3 37 EJE FEEXe EARAR (Comparisons of simulated and
observed concentrations in B line)
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& 33 SARANA Y AHE AEFT EXE (%)
(Occurrence probability of sea-breeze at Ulchin nuclear site).

o 3X o} XE
A A A 2 % ¥ 4 o
(SSE~WNW) (NW ~SE)

& 57.5 40.1 26
oq & 55.0 38.9 6.2
7t & 463 53.1 0.7
A & 54.0 45.2 0.9
jc;} —Tle 53.1 443 27
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SPRING SUMMER

AUTUMN WINTER

0246810%
ittt

SCALE

1Y 39 £ARANMY Az @ ARRTE vk,
(Yearly and seasonal wind roses at Ulchin nuclear site).
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# 34 SAFANAM dr7|gFEE TANE
(Occurrence probability of atmospheric stability classes at Ulchin

nuclear site)

AR T (%)
3 | A% | e | A% | Az
A ol$ BotA 20.2 23.4 16.7 13.9 18.7 24
B : E<HH 15.5 14.5 12.7 16.3 14.8 3.0
C: o7t EA 20.7 19.9 22.8 27.5 227 35
D: % 222 24.2 27.4 32.2 26.4 33
E : ¢}t <t4 12.2 12.7 17.0 9.7 12.8 23
F : oA 24 1.4 1.5 0.1 1.4 23
G : o]$ oA 5.1 1.2 1.7 0.0 2.1 1.6

— 43 -



y  EFEH AAZGA 3_44 o 2] )
H0, D : A7t ¢ A Addaje] d<

p  FVEE
C, : Benid
t Az

3dzte] &x NBBESAEE ol &3td LAY, Hx EFue AT

A, H& EFLE X 359 dErdth Foll vepd vie} 2o AEfn

o Huighe 490 2137 mol® FHAge 899 717 mz vEigth Hx

e HAXE 849 129 molW HUX|= 590 348 molth. AHE=
Ha TFa= EFFH 1,975 mo|y & EH 1,100 mZ Ve

. A1 8RS
27 AFRAE AYEE BRUY FAEA AHAY SHe] A%
e} WATS PHL ZAVE 272 B BFaoly. WAARAY A
573 129° 23 04" Eolt}. HAEZXHEH
W73 16 km UlolE B el K9] 2HHA g X Pl 2%
o ornz F= Hde AdsnE A¥o) Busit. FATRE WA
16 km ool 5718 w3 AFTREY} AANF B EAsA Lo
2R FaXEE WFL E 360 JERAR,
TALRAE 278 A7t 98 AFAe weh FHPH wHe
sistel A2 vhel7h 42 2P} BAH Yok @R 7Y

o) gk ¥ Bxe} 3 (FTA) 8 AN Qe RAALL 200 m
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¥ 35 &3 FA9 4 ¥ AMHET Ao, F

A T3t3

1T

(Mixing heights measured at Ulchin nuclear site)

2
314|567 |8 |9|10/11/12]1] 2
T3
A Egs 198|213\1,80|124|134| 116156 1,30 | 1,80 | 1,34 1,42
m) | 6|7]|1]0]4 0l 9|4 |1|4]1
HAE3T
o) 218 | 296 | 348 | 270 | 298 | 129 | 181 | 139 | 134 | 189 | 174 | 218
m |
A A B o5 7+ A&
4 ooy ey ]
Ao Ega 1,975 1,100 1,344 1,522
(m)
;’z_{l\_gﬁ‘ ey
SR 287 232 151 193
(m)
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¥ 36 &3 FA g3 16km o] ARG E.
(Natural topography within radius 16 km from Ulchin nuclear site)

Zo] (km) 4 A
ARG & Fi (m)

H3 (ha) Ae (km) W3k
Y53 8.0km 3.8 NNW
7133 25.5km 8.0 NNW
4 15.5km 9.5 NNW
A=A 10.0km 15.5 NNW
73 15.5km 14 NNW
SR 23.0km 12.9 SSE
g 27.0km 13.8 SSE
ol 411.7m 133 NNE
=2 2F 515.6m 8.0 W
&84t 998.5m 13.5 w
2 A8 328.9m 7.3 WSW
of-4¢ 652.9m 12.8 SW
FA 387.9m 12.8 SSW
|5 B el 10.0ha 52 W
712 A F A 4.7ha 12.0 NW
2k 34.0ha‘ 4.7 W
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Hopdl (E3 4117 m), MEAZE 73 km Aol $F A (F1 3879
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¥ 37 &3 BAERE w7 80km oo FPEE A (F)
(Population for administrative districts within radius 80 km from
Ulchin nuclear site)

4 A
PR 7Vt AT+
Azl (km) gk

BAEE

FEA] 22,649 117,871 75 SW

tEF 22,649 78,044 50 SW

A5 12,246 40,127 62 SSW

B 15,245 54,927 19 w

27 21,084 70,198 - .

G A 23,100 84,700 69 WSwW

Y+ 19,018 61,725 50 S

dEFT 15,896 67,252 60 WSW

YT 8,195 28,390 27 SW
THES

g 13,407 47,628 66 W
AR

R 20,325 72,900 40 NW

BT 19,436 68,824 56 NW

R 14,297 51,724 70 NW

A A 11,159 41,743 38 NNW

S 15,009 55,008 6 NW

B ¥ A] 19,609 71,905 25 WNW

=3 A 27,814 97,799 46 NNW

YT 13,407 56,478 45 WNW
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# 38 &3 FA2HE W7 80km oo FHE AFEX (W)
(Population for segments within radius 80 km from Ulchin nuclear
site)

FAZEE Y A7 (km)

P

0.0- | 16- | 32- | 48 | 64- | 80- | 16.0- | 32.0- | 48.0- | 64.0-

16 | 32 | 48 | 64 | 80 | 160 | 320 | 480 | 64.0 | 80.0
N 7 - - - - - 3 - - -
NNE | 4 - - - - - - - - -
NE 3 - - - - - - - - -
ENE | 3 - - - - - - - - -
E 6 - - - - - - - - -

ESE | 9 | 27 | - - - - - - - -

SE 19 | 621 | 1,041 251 - - - - - -

SSE 28 | 446 1,168 | 1,421 | 621 | 591 3 173 - -

S 28 | 170 {1,160 | 1,380 | 769 | 4,453 6,677 |12,972/17,339| 5,881

SSW | 28 | 194 | 922 | 706 | 647 |5330 | 3,452 | 6,983 15,672|10,876

SW 28 84 141 | 197 | 295 | 2,548 | 1,063 | 5,230 10,003 | 12,316

WSW| 28 94 | 140 | 197 | 253 | 1,597 | 2,066 | 7,230 | 20,516 | 31,467

W 28 84 | 140 | 197 | 253 | 1,618 |11,393143,614|12,076 19,943
WN
W 28 84 140 | 197 | 253 | 1,686 |13,683|40,197|25,193 | 26,542

NW 28 8 | 140 | 197 | 248 | 1,931 {5,693 | 8,497 | 18,096 | 13,560

NNW| 23 42 | 114 | 161 | 163 | 1,272 5,948 |46,370|84,146| 9,179
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= 53X M X

¥ 39 €4 BAAY AFE EF

LUs

(%)

(Occurrence probability of sea-breeze at Wolsung nuclear site)

9 % % = .
A2 (NNE ~SSW) SW~N) 8 <
) 385 61.2 0.4
q = 46.3 52.0 20
) 26.5 79.0 05
7 & 16.2 83.4 0.3
A 7 29.6 69.7 038
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SPRING SUMMER

02 4% 6 8102

(S5 S S I S VA W]

- SCALE

Y 310 EAFA A Y A # AT 6t
(Yearly and seasonal wind roses at Wolsung nuclear site)
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WAL FHNAE BT oF 129 A WA Eh

1988'd 3YRE 1991d 247tA] BABEZAEE B3 AR Y thr)et
A FAVNEE E 3104 vl E=S AFYE gUdFEE F 311
o YelWor A 7 Bol dAg AdL 4502 41 %FoH,
EdANEH e B AL ol dAsoh

T 312 94 YARANA € AW, A& 1Y AFEHT o, H4&
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3% 310 44 LAFA MY Br|tFEE AN
(Occurrence probability of atmospheric stability classes at Wolsung

nuclear site)

SHNE (%)

& (m/sec)

O = =W O N w9 >

10.7
111
279
17.6
17.2

6.3

94

27
3.0
28
31
2.7

23
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¥ 311 94 9ARAAY WA ES ALY AN (%)
(Seasonal occurrence probability of atmospheric stability classes at
Wolsung nuclear site)

A A EgA (A-0O =7 (D) kg (E - G)
= 52,0 14.6 335

g = 321 238 441

4 < 504 19.0 30.5

A 2 61.8 | 13.6 24.6

A7 Y F 497 17.6 329
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230 1464 m= Vel

¥ 312 94 AARANAN 2 Ao, Ha HnY AWFE Jo, A4
E2@1E YEd Ad 319 Huge 520 1943 moln IAge
1199 135 m2 Ytk HAEFn FANE 1197 12€9] 54 mo
o 790 172 molth. AREE Ho) BT EPLE EHol 1910 mo|® A
23o) 1,464 m= eI

L AHE A EA

tobelell fAska glom Faeh At ok LA AoAE THHAEE
B9 35° 42 347, 57 129° 28 347o|th FEOEEL T, AEZoEE P

WU, dEes Fad $4, RHoz $3W B4 vz a4
2 oty mhe HEo] ANBT. A FAW BFE AMI;E 12 m o]n)
AYARTE 20 m AFASG. FAFHANE FAX L BRFFA (A5 S

%, SEETY)7E XS BAWNA 8 km oHele Hold e APAA

Bz NEO2 B (745 m), FAA (429 m), AEE (629 m)o 2 o]0
A FYEe] YERYgon Wsd NRFAY AFSAHLS Holn Hu
A gere FaokKe] @k FAFEe Fo HFAL WEHY, Yoby

MAZe2RE Ldsty GEUFes A HPHL

Ee)

~

4z

HAZRE w73 80 km ol 19909 % FAFFIE AFFE ¥ 3149 Y
e E=S 1670 4w 10719 FAYe s B3t 160719 9 TS
of et JATFEFEE XE 3159 et AFFele 126719 @& 7o)

A

, 2581 60/, =3t 107)n, 58w 1077}
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%312 94 438X € 2 ALHE AY, H& THx
(Mixing heights measured at Wolsung nuclear site)

2
31 4 5| 6| 71 8| 9| 10| 11| 121 1| 2
T8
A =233 18] 18] 19 1,9 16 17| 17| 15 13| 13| 14| 15
(m) 93 | 95 | 43 | 09 | 89 | 72 | 58 | 68 | 53 | 93 | 42 | 58
N4 BT 17| 10
Rl e e s A 93| 91| 54| 54| 63| 56
(m) 2 | 5
A A L qE 7+& A&
z: & Tl 71
Al g2 1,910 1,790 1,560 1,464
(m)
Gk o
A& e 69 121 79 58
(m)
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¥ 313 94 94Rx 9o AAAPE WY
(Natural topography within radius 16 km from Wolsung nuclear

site)
FAZREY 9
AAANEE T

A7 (km) s
o 15.57km 3.7 N
ol 7.14km 0.6 SW
SRSk 13.18km 3.7 SW
2l 5 650m 10.0 w
E3Ak 745m 15.0 WNW
&84 452m 15.0 SSW
A A 4 2] 32.%ha 4.2 WNW
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we BT hBlelklr Fhh oRE Stk essh kbl 25
lo® foln BEE KRBT hibhhh ER&E: 2 e kK Bk
Ll ek l(Un) &% (M) &B O0) && Rkl BB 3Ilc BT

ek Bw EElkE 2 lb® SRLl S 1R Kt let SEE
TielL Bk b bx&EER “bfllofpo " EOKR REE 44®
2l lele $& Rrhkrd (ol v Bfed S(suonoe unednnu pue
saduanbasuo)-sjuspiooe 1oypear ad1e] : M) REET HELh B lelo
led EvE EL 614 btz olhhe k&R SkleTip oSN BE
ol Ele @ ‘mTE lERE lRE 44 2l lo Skil=EF Rk
e T2 tln el SREE Shiln 2 JEV Tk Eokl

& bE SRbEl YTy STl Bk bRzskd FlvRiB

oy
|
oK
]
my
10
O
B
i
fgo
o
my
™

}_
B
n
’go
)

Sfale RIGT ¥ TER ERCRIC tIERY koW 671 Sk =
to + &
& & BEETL ZaEh Sllole BoRE klivs 3T= RIE hid
B {4322 B9SC & T2 RIS TSy @626 ‘T=RIE Slethlo w8
ClkEdE Y TER o2 T TEERRE TWI TRHE THI B
EEly Slelnle U 8 &ialx& 2o Ll TEES LTERRHE Bl
B TRE Bl TRE BIKI 2F kieER BRI EBRlY TS
T blef®E ETWUI BaiE Il 2<& H¥®
=kBb BiElkd BleTEEE h blrioh 2T RER &l bl
= ¥ il T2 T TREE Zleinl

0
£
Y
o0
’RO
o,
03
pig
ny
o



E 314 94 92%A 7 80km oo} FFTLY A5
(Population for administrative districts within radius 80 km from
Wolsung nuclear site)

HFAZFE S 944
TAIE AT (8) v 31
A2l (km) - oF
& AFA| 682,973 23.0 SW
LHG 30,988 24.1 NNW
A 141,895 26.5 WNW
F A 318,595 37.5 NNW
AR 133,169 39.1 NW
a5 25,293 40.8 NNW
FAHS 33,637 55.2 SW
SRS 48,890 56.0 WNW
2 ok A] 52,995 67.3 WSW
7 XA 60,524 67.5 W
723 Al 106,166 76.0 SW nRy
B A 3,797,566 80.0 SSW "
o} A 2,228,834 80.0 WNW "
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¥ 315 94 dHRAZRE ¥4 80km oW FHE JAFER ()
(Population for segments within radius 80 km from Wolsung

nuclear site)

nxzREe Ag (km)
Hg— 601: . -
00- | 16- | 32- | 48- | 64- | 80- | 16.0- | 32.0- | 48.0- | 64.0-
16 | 32 | 48 | 64 | 80 | 160 | 320 | 480 | 640 | 80.0
N - | 63 | 63 | - | 46 |1,746|32,843|21,292| 7,457 | 24,332
NNE | 63 | 568 | 276 | 505 | 459 | 6,660 |11,632| 9951 | - | -
E - - - - - - - - - -
SSE | - ; : ; - ; ; ; ; -
S 592 | 395 | 66 | - - 1,524 54,638] - - -
290,29 232,77/1,519,0
SSW | 197 | 1,184 | 1052 | 658 | - | 3,047 " "7|29454)7 iy
357,30 360,83(1,187,1
SW - 1132 | 132 | 329 | 66 |20319 49,846
9 5 65
WSW| - | 197 | - | 66 | 197 |3,384|13,040|25,002 |74,949| 69,037
Y 197 | - - | 197 | 197 | 6,462 |11,518| 6,818 |39,060|417,914
WN 131,33 114,52
132 | - - | 132 | 329 | 923 32,628 721,004
% 3 0
NW | - - | 789 | - | 505 | 1,010 |25,016]| 33,696 |22,046| 17,213
314,73
NNW| - - | 568 | 253 | 253 | 2967 |68,797|" " |23,387| 13,923
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TEH I8 347tA e ¥%, 44, S3AY @EFY A5 oH AR
o mE WEY FARE Vet IFH/ 44 AFY 7 ol €
JEolT Yuo] YR wEFdo] b4 o] FXFTL Uthe AL KA
£t S3IAXYY B¢ AL 7Igoln 4HS YT EEFHo| Mg B
o] AR

FF 7HEe] Z7], ZFEY Hel, ¥ A8 FA T& ALeste ¥A
4 AHJARRE 22T Aol

Jm
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—— ~

Constitution ratio (%)

o ' 5 -

‘Tybe of living quarters

29 311 9%, €4, SAAGNN AFUY AA FH HE F3H]
(1: @5FH, 2: olgE, 3: AYFH, & GAUFH, 6 : BAF
£ ZAEY 9, 7 : 7]E)
(Constitution ratio according to the typé of living quarters at

Yoﬁng—Kwéng, Wol-sung, Ulchin nuclear sites)
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Materials used for outer

wall

Constitution ratio(%)

Stab
Tinplat
inplate oo

Materials used for roof

Wood
Brick o1 stons

Others

Qg 312 ARAGAA GEFIS AR AL e A% F4Y

(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Youngkwang nuclear site)
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Constitution ratio(%)

Materials used for roof

23 313 @AA NN BEFEY g guA R B AT AW
(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Wolsung nuclear site)
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‘/ T

/,// . . ’
1/‘ ‘ . /"‘ T T ,»\"\k_{,
o // - Materials used for !
T ‘ e outer wall !
" | // - —\\J

Constitution ratio(%)

)

Tinplate

Materials used for roof

a9 314 ARX G A dEFE L AFF AR wE AL FAH
(Constitution ratio according to materials used for outer wall and
roof of detached dwelling at Ulchin nuclear site)
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Constitution ratio(%)

Tinplate i _/ Qthers
Straw
Others

Materials used for roof

2 313 RGN GEFH ABF YA GE A TN
| (Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Wolsung nuclear site)
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et T —_—
// ‘ —— -

) — S l
s T T T T e ]
R b Materials used for B

' ‘ R _outer wall f

Constitution ratio(%)

R.tite L [ T Ay
'* Siate - d, S8 ay
Slab . e
Tinplate e
Straw

Materials used for roof

a9 314 AN GEFEHY AT dHA g wE AL FAH
(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Ulchin nuclear site)
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A3 A AN d-7=

1 gA9le A5
AR AnA BHoE $EE PAHED AAE FAYL F 8V BE
Zue vx dANEH e BYES HoEH PAHOERE BT
g2 & Atk olAF PAE AY (intervention)ol e} ), 53 WS 3}
7] 918 AFe 292 MYEY (intervention level)d} sttt MYEYE
7t e BA9 A, BA, AHE, £33 54 T JEstEs A
He Hassly] 98 wdts 24AAE olHT ¢y AxE FgHe=
meste] FHog wostdol gt FALAY|TF (AEA), A YA
15995 (ICRP), AARAZT (WHO) 3 & o8 ZA7BdAe
AYZY 434S A48 ok ARH oge AYEAY Luky WIS AT
soEd 7t 457 23E =Rsn ok HARLRAE AT FAY
A5 9193 (ICRP Publication 60)o A BA1n e 7|8 XL o
7 2H38].
D AL RLBYE &4 (harm)HT oS (good)o] Holor Tt}
z, BePY= Y F Q' A P2 (Mbs g8 BhE
A9E Nee TS AW Mse AIH] Festeler wo
(@) 9Pt ; o= AB > 0).

@ Dy Ful, 27, 71T §L €0l

o] Huirt HES A3}

i
iy

Hojot gt (o) Aas; LB o o . ug)
WAL Ao gt AAHE A &3 (deterministic effects)E WHX|3}7] g A
H3E (dose limit)ol] tist 32 FFHHo] FAE F J&E Aol 5

455 ol HEAQe] BAD F Y= Al 4HA e

L
"
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AAY Ataro] gk FR9 i E Haslslr] YA e Aty IS H
Zteted 8% ARE UA £ - AL Bk 3, F4 AAe o
=3 2.

O BH2 UEHe WA ELY 4 54, HEE &0 F
(A )

FEAZL (A4, 339 9, 85F A% 5)

BAWAN PAYEL FE

AAYAE 24 P BASA

rAZY AFUE, ATF, ABFE BE, 71 Wd 2 AoE,
g 9 ¢85 FFY H$EN 3

® udHes Bg

UG Axrt Yol O~@W ARE FHle PFrE Alue) A
Y F flon, @H A A dgEFEHEY] B 5o
£ T8 FEHeE vy ZYEYG. QW dx
ol A T T 2HE 43AF + U

ZARE AYENY 282 2257 g8 AP =2y AT 5 ¢
= A% (avertable dose)o) &A%t o ZA|71FAA st e Ay
MYE9 (general intervention level)9} HZ Azithnlel Z7te] dnaY
(BER-3 project) ¥ 3.160] JEFWRTH39. thes39o] hat starx] olate 3
g WS FAE HE Feut glon, A oy AE WSPHE HS
ot olsh Zo] WPl I AYEAE AT Frh EE BAY E4L
st AR EHolof gtk ol HAE nEId HPE NYEHE F

A& NYEY (site-specific intervention level)E} Fhc}.

© ® © O

oo

rr
N
rg
o
KA
&
o
=
o
>
td
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E 316 2=gttjyniol w7 A7 A% 9 FA VR ERE Bk e
R U E
(Generic intervention levels obtained from the results of Nordic

Nuclear Safety Project BER-3 and recommended by international

d

organization
H] A} of] -2 Y BER-3 IAEA ICRP
” 2mSv/6h 10mSv/<2d 5-50mSv/<1d
b
(~0.3mSv/h) (~0.2mSv/h) (~0.2-2mSv /h)
270
AAEH 5 50mSv/1d 500mSv/<1d
SEEHETS 50-500mSv/ <lweek
50mSv/<lweek
gl 10mSv/1week
A2 50mSv/1week
JdAger L 100mSv “ 100mGy “ >50mSv ¢
o] 30mSv/1st month 5-15mSv/month
gl 10mSv/month thereafter
50mSv/1st month
2R
200mSv/1st month
1Sv long time 1Sv total
SNBRAFA 10mSv/yr
Bg/kg ¥ : Bq/kg :
B+ y 1,000 (1,000) 1,000 - 10,000
B 100 (100)
@ 10 (1) 10 - 100

1) Projected dose
2) Equivalent dose

to thyroid

3) The latter figure for infants’ food and milk
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W (sheltering)s #AMs-£3 AEo] AHY wuighy] dF o RE
ARAE, 5F B WEIAE S o

ASS Adstm £33 FBel PAe fASUAN Do YR wHFE
BAE DIY. WAL Tl Ho) ofE olsle] VrIENL o]
J 2 o anAolx gaith AR =0 A AZYReAe] uALA
2do FE A, & /MR Azl mE gR%FEs At AReg,
AZYR M BAEED 5 A & AQd oiet e gol Wsad
[3.10].

A= Ay (1—e ™" (3.12)
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E 317 HEHZE g a4 iy
(Effective countermeasures for exposure pathways)

HEZ7 A2
2 e |AERH| zF | 9 |HHAFA
&3¢ 4
0 O O O O
& 7 O O O O
A o] F O O O O
FT-olF O O
HIZFA O O
foEEg @
%iifﬂ o O
£ 25 A O
M ©
E%%g%%- o o
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A7 Am £ AR F7] £BE 0)E YEUE, dFFoes sYg
o2 7189 A% 033 h', 9B 7129 A$ 079 h'g 2ag3 oi3.11]

o hE JUE PAYELY FE A/A,

i

HoAE

= LA

|o
[
)
flo
>
)
o
2
o
kol
ok
S
o>
X,
N2
N,
iie)
o
9,
=
o
o
BN
e
Y ol
it
29,
K
_9]{_(4
in

# 318 t¥A 9 Frlnged] BE Y - oF WAAHAEE oY v=
(Relative concentration of airborne radioactivity inside and outside
a shelter as a function of air exchange rate)

Al
Zk 0O 2 4 6 8 10 12 18 24 30 36 42 48

AL

01 03 04 05

06 06 08
81 30 51 51 09 09 09 09 09

01 h*] 0 32 99 35
04 07 08 09 09 50 73 8 92

033 h'| 0 09 09 09
8 33 62 29 1 1 1 1 1

079 | 0 63 81 97
07 09 09 09 1 1 1 1 1

1 1 1

94 58 91 9B
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27hE WA 4 87t 2 9| o1&
HoEAR Fo2 IHIINED (IFY o)

= s FY P

<
2
lo,
rl
ol g
ox
rh
2
_Y_.
i)
Jﬂ

7] 9ls) =49 a, F
Aol FukalAl olEate 3
go] st 5 ARIF, ARe] FHY Gwyy) GFo2RH I

& Foled o] EFFoH. U AAH AHERE WAEELC] &7

0::::
f
il
i,
&
£
)
i)
rl

.

o2 WEHY) Ao Feo ANt NBHFL Foledl YA TS
2348 OeB97t 9 F Aok 2eY PAHED] BEHE U &
OR A S ERE Be HE UL Be 4 IS B ohie gy
dla) AlE A, A2ld £ 59 49 Bel E 4 Ytk 2709 tiHe A
W ZoE A% AAAE, A AFHY, A4xA Sol B dath

th ¢ty g B
AdHeo= HE2 WAL o= HFHAW FFHE £017] A% U
Folk. A AFE HUF E007] AsiME WA 2=7 FHH
7] Aol &8 8 =F BEStoof an, 53] ¢ 2 e=8 WAt

o

[ex
F257) 647 Aol BE3oid el HF NEGFL A ik By
g 2o=o A/ AN 205 FYNHF AY FAd oo A
W ok 90 %9 ARE AL 5 vk ols} o] ¢ Qo= Hgo FHE
Bgol AAAze) wel Zasie, B2 HAbd 20=8 Qs soie

S A 3880 o 50 % =Y ERE 9 & Yk

2} rlolF
YA]o]F (temporary relocation)= EH Q3 & IEZ T37] 93|

g =

ir

T 3 o) 77Ed dAFHLR FRlo| o)FdE FAHE HITh



o]l HgAAE AFol| A WA EARRE S I, YR§ PAHER
o FYol 4% EL WAFEY EHHolth Azto] Xge] Wt A EH
o WA 23, 499 JAED o2 M, AT JnHE
g Fo]% (permanent resettlement)’} FQFHAE ZAASI). EFo AL

2L AL dAo|F9 7HE G5AE F Utk

to

of,

ok gTolF

g Fo]F (permanent resettlement)s FF HIAZHZE EolE AHOE=E
AFA ot 259 F Ee LA o|FF FLEFE NEE HEAE
g gtol F73] olFste YAE T HIF dAo|Frt BHAdTty i
gEgge Aukgr] dFo g AFHY QYo T A FgFo|F BL

il

g A= B Aol S & 9

0t S4B RS
WA EA ] AR WA Algo] aug SAE0] AZ4EA L
A% avstA gn A7AE B98 BRG o F S4E9) 43
#3s7] golatm AENFE Foled ul$ EFFo| AR A F,
Ab3lA mlgo] Bol =& FuH YePdoltt. wFHEe] oF B oy
AAA, A3H Hslg 2o)7] A3l 2 o Pt nAY = ded F
2 PA2E e 2o
® FHEY 27) EE ADF 8
@ ¢4 A =& FIT AZ M AFLE 7}
® EF A
@ EFE B FFYol ¥ 5AE Y2 o)
® 71F9 29 AR E HILE AIREE fiA

o2

5]

A

rr

ol
r[r

oH
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® &9 SAESE =
@ 7159 =4A17] ¥4
7= WA &S wole 38 Ed 549 F

P AYE RE 4AL LAV AHF BAL B 499 & Yok

3. gAY AFA F nEsY
M e HH3e o dAage Adshy) A% 3% SHone
e o312
@ Wg-ES B
@ W8-89 B4y

Q@ U&HA £8 4% (multi-attreibute utility analysis)
E

cost-effectiveness analysis)

b
—~

cost-benefit analysis)

~~

(multi-criteria outranking analysis)

Hg-ES EAYE wed A%e 4% x y 02 s xy FH| 2
Yotel MY ANE AY FES b AFel AN} FSS AFs
= Hl&-EF FAS TdY wEkN o] 44l e Eete]l ANl

Ho) Ao wends fErge) $4 wAd o Ay vE-ne
2

4 (extended cost-benefit analysis)2.Z Uwth ©&A g8 RAHS
Zh ek RS s Aol FEte FEAL (partial utility)S 47
&taL zb QiAo tis) JtERE st JtsH i 589 FHeE YE
AARst= Wielty wxgo=z

UEe 258 (total utility)o] HHS! A

TEE 9 RAUE ey E8EHE A8l BNl 2wy

tijo



4. v Jd-3-2 FH&A7

HeANE HFY FFE ol °l5€ & 7 U ¥4 A 4 A
9 AA, F14 &4, AHFF ESTH 22 q2 &4E 24T 5 Aok
A ALTA] BIGHS APALE 3l olv] A3 uie} o] o7 A
A 7igo] o]&d F el AAF ojdd UFstH F FYH 1 v}
F LYFY 9y ol &HI JE VHE HE-He EAYHoz U3YPHE
FY3te] ME 0|5 4B & HERG (G)F FANE (S)oz2 EYF
.

rr

I
R
NN
T
P

4B = G—S
o 71 A,

o 99 AT FAsL ($ (man - Sv)?

(3.13)

AH : JSAAE HAFLEN AT + U= AF (man - Sv)

X : 3ol e =d8& ($)

X AE HZH (human capital approach)ol] <A3 @9 Aud F47}
a & 99 JAdAdZ W3} FREELZRE AEEY3.13]

@ Aol g AXGeZRE £ HFgEHdL o 139

@ WA 2% XAl thE ANlEE oF 50 x 107 Sv?

@ BIAAGO] i AsAFE 1.0 x 107 Sv?

@ AA 2A AP A7 42 F dAAFE 13 x 107 per
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man - Sv

@=(5+1+13) x 10% x 13 years x GNP/population

~ 1.0 GNP/population ($ (man - Sv)")

9 2RAR)

a9 315= HAUS AAE A% EE=E HAgFH, vl
oAb BE o9 deld BAS 2e 02 oY 24 & Bydoes
qeisted HFHoz FPstelol B A Az, HY 2 BF S0P
B 2L AR HAAE ¢ £33 A4 & =8°] 2 5 Ut
S8 v &-He] EAH ZAS MR AU L the BlAdg-S &
2A7E Rzt UsAYe] e £o)5e NERTW FAH LWL T
st Wit Aom, HF eBS BN LA melsof st X -
A8E gad gol FHE £42 2E ARE AR HWF LY B
Mol g7] Mol LajshA sk
7F &7 vidd-s Heds
YA o] AEEL BASHE FA NEAT} S0 P W AEA
2 {fFaAFe o534 2o JHgsdd
HEARZ SF .= RF
CoutAls g o JRAE 0.8
: 10 mSv d* '
0T AHY PANELRE ] o|R5)E
1 0.25
: 20 mSv d°
odAseel FU dF YRNE 03
: 30 mSv d? '

z

HFaM

- 60 mSv d*

(F) SES} RFE 247 o] AAASY FAaASE Yehy
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accident
discovered

v

ascertain

. | emergency operation

plant situation
Y _

evaluate
off-site PD

y
PD > ILdet or M

procedures

evacuation + stable iodine

core molten

Y n

vy 0

AD > ILuw | sheltering + stable iodine

+ respiratory protection

+ respiratory protection

A

continuing review
to see:
if a measure should
be withdrawn or
continued ?
additional measure
is necessary ?

AD > ILevac M > evacuation + stable iodine
' ove + respiratory protection
n
n is release
under control
vy v
V -
AD > ILia > relocation
y n
v
a(r:;(:eecseZsZ?}s}tr?OI — | access control
vy n
food/water control v | food/water [
justified ? control
v n
. . v
deqonttg.?ngar’gmn decontamination
justified *
'
relocation period v resettlement
long (>months) ? s€ en
v o0
. . v
degonigfrplgagon decontamination
justified *
Yy n
termination of
S H 9
the accident KNOWLEDGE BASE

]

EXPERIENCE FEEDBACK

DATA BASE

Oy 315 vddS 28 A% EF
(Flow chart for the decision-making of countermeasures)
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A AT 2 ZaATFE AFAZE AE R JS o A He
Mo g AE R A& W A He A"y vEN Fodd. AR
of AHY A4 BF FEE DAF A6 g 2 padvn A48
At

HA ol 7 HEFAE HlA FE W A% (projected dose : PD)
= ZAEF WA sy UdR] A (ILge @ intervention level for
deterministic health effects)®} Hl@ Eojo} gt} HWIALAX O] AAHEZA JA &R
B} A4 WS Lold 4 A AEE YAR] G eole] A HE
o2 WX oF 01 Sv 2¢€ olW)elth. waEkA o] Ayl LA PDr}
Low ol3t0l7] WEo) ZHEH A P8l a8 2ed

FHA dAR doe ARG AMEE ¥ Fol 2 dSIHE ®A

do] e o]S7 &0l AAHolo} Bk TWIE &F EE o]E o4
o ETHolx Zaul, el AW HE Kw) DA 2T PRAY &

Aoltt. $gutate] 190% GNPE 10,000 $ yr'2 713E o, MYE Y= 3}
29 Hd MA £259 &4 (GNPD)E ved + ok

Xau= GNPD (3.14)
X, )
ILgy = e 1870(5)0 = 2.75 (mSv d") (3.15)
8] Hste T dAFeEN AF = UE HAF (avertable dose :
AD)E o534 Zo] H7tE + 3l

AD = (0.2x10)+(0.75x20)+ (0.7 x30)
(3.16)
= 38.0 (mSv d™ b |
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Wl AD7} LT T 3E2E, & o5
Aol A E7=QA thgay 9ot

AMA BAZ 2740 S oS &do] Al fTh. Ao B
2 U8 Ken)S F5HE Xe=10 §), $HHE (Xoe=30 $ d7), 3}

25
A AGHE (X)) T2 U

T
T

OB 459 &4, 7T YL +

@ % g

Xevac = Xtr—*_Xn'sk,tr'i' Xac+ GNPD

(317)
FE&FE Y F Jde AR Kuww)S ©1F5F T2 + Jde AF
RSl FRAZ olHE AGE PAAel o k7Y oz AR the
3 2ol Hrhe & Atk
Rtr' R
Xy = 553 6 (man- d)?) (318)

o]5Z WAE & JE 9¥ Ry 1.06 x 10°
< W ATF 1W0LAZA] 20 (993
F7rE & Utk

(person - d)'l_Q_i 7}A 8
AN dig AYEdes e 2o

1L _ Xese _ 1040.154+[9(30+27.5)]
@ 10,000 (3.19)
= 52.8 mSv

ADFE WLATA A6 o) B & e A

% sieh

Fe ohew 2ol Brie
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AD = Z AD(H = 202‘é 798 = 51.3 mSv (3.20)

ek, 2AE AHRF 9dA & BLE¢ LN7A HIES AN F2E
g F AT, &NE TRkt HHALE Yv|ste AL oyt

A GAZ LE FE3F e HHAH ] 2SN I} 3F
g a/lE AFGoA HEZ] A sl 2FHE HE Kevaore)S EH

Zol yetd 4 3o

Xeoseret = Xao+ GNPD (3.21)

TehA, 2E AFez2REH EAS AT NAEYA (Leare)s T2H 2

o] B718 % 3o

Xevac e K

ILevac, ret T a L = l(]?o_t—oz—gos = 575 (mSV dl)(322)

2le B3 MY 5 Qe AFol BAE AV AAFARD I FoAe

AlZEE ALTLE SR (4DFQF Ao, &Y HHAIZNE JEdY. 2
62 o] Abm AvtEled) W W@ 1Y £HEE Nz,

ol
W
U
=
l...

Y. 7] BN AHe2d
7] Bdsdeze A olF, T olF, S4E HIAAT ol A

onf, Z4 olF R 7 olF W deH AL 27 WA AR
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A% FARIER B dT7dAas 29 S 39 dSY9Y 43 186
ABRE =93t

P43z Y ARE 2H3AY 8240 950)F 2dL 35 ¢ 5 3
T 49 2ol A%HoT ANHE LAY HS
e A%3 geuse 2R ® ol Fr] A5 3ol By AnHol
o AlmAlsh o] ©rzbe] Thge) WA E Ao BAX IAHE AL
AP Be g 2 BAZAY

A4% Aol ma v theke wal
Ao Tx7l 4 AT 7S BIF 2P (equilibrium model) 2
WA AR AR 5 9] dEd ARAPH AAFE Aol me W
AMREAL] FEo WaE 4P 5 Y= E¥2Y (dynamic model)o] &
79 egugty Y 2 FAEANS 1#d 329 DYNACON[3.14]

il
L
o
£
kv
R
A
X
et
o M
)
ou‘.
>
o
tfd

o] BEARAATANA AYT XY PAMAES AN 2T (FADAS
Following Accident Dose Assessment System)o]A] m St o8 WEAH=2
5 eAEAAd % WPHEL Wohehy) 98 meeA Awd o,
2 2§ A7AE DYNACONZ st ulg-ge 2auge] 28
PAAEAY B2 A4 od® $HA 4Fd 0P aAUe wue

2GR, AT Adeled de 48278 eolaad. Heus
2t 9% R 4B ERFYos U £ YOMA FYF] SolB
AHFA G g ARUAE nPsgT 29 S5 % 9FL ¥
ZHUe 47 93T F 9] MR 4AABOZRE WY & Y= 4
e A7 ARHE $AEY B9 AT AVATe PrlsAc

fljo
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Time (days)

1\
12
11
@
10
9 S
8 @ : Duration of sheltering
@ : Optimum  duration for
evacuation
7 @ : Cost-justifiable duration for
evacuation
6 @ : No longer cost-justifiable for
evacuation
5 €)
4
3 @
2
1
)
0

O™ 316 e Y =4
(Graphic presentation of countermeasures)
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79 HEolFL slAsts FHEYR T oMo WAHEAS Bx
Q; (Bq kg’ T=E& Bq mAE 77 i  PALERY 9L} 4589 A

olZX RHEHT.
aQ; )
Q ﬁl{]l QJ - Qzﬁ"z] s Z=1,"',N (323)
]#:z

Ai = T2 i A 7 EY HFolFE (),

S29 EGU PANEAS] FEE PAAEDY ARG, 715 98 A
, B A%zl olF 5 oy 8234 296 o3 Aze] me} wWsh

W A= = C(#) (Bq

CH = Clt—dap e M4 4 > e QD) (3.24)

o3 71A,

At » AN (d)

— 84—



Ap: WESRA WHE (=1In2/ Ty, , 4V

Ag: WAYSs B3 (d7)
g 7HE9 24 Bxo ESAHET BASE AR
2l 324)9) LEFE AWA T JNHAHFTEH —4t 1A 9" Fx9

= FHA Fo] AAE IHE Y

(2 HZ3 WHPE |
FHRAEAFY 287 29 ®E MAE HEE Fol7] A g
HEBAE 2AY 5 Yo olE AN Folv EE U BE ¥F
A FA FEF F U ol Y' WA dRE AFH HEA 7&F o
ol 2E AT Utk FolA Vet AHIFAE FP)d
olatAIRt H G5 H HAFHZF P oltt. BL ZF5ol Bled A
EUAE AASARG H&SHAA RHo addyeln =3 HFHFA wF

ol Fapaty] gold g eolt,
dgBel d3) FE = e FAAF (4H ) ofrd PYE HA
RS W FEIAF (H)F dSIAE 538 & 394%F (H, )Y A=
A Ueld = ok dlEdqYe ZE (7)) U Hog FHEY F Qe
H, o]l &N AFAFTG VY 2 o Axto] wht ookt

t}.
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_4H _ 5
1= 45 = 1-f (3.25)
o 714,
H
s A Agkel B (= =5

B d7ddAMe o8 AFS AgY ¥3), TEG s ETIER 2

L

& 7149 edHA we 4Foz 47 ALY & dvhm HESE
AHF 195 Fehee AL RH YAHE Shol SAs% med A
29 WA BE FoIF (4B,)T 7<) 4¥ FAZRH £ol5 (4B,)

& et ol zdgE 4 Yok

AB(7r) = a-9(v) " Hy — Vp-bs-1 (3.26)
AB() = a-9) - Hy — P-b-1 (3.27)
o 7] A,

Hp: o8 oi$39E Hsx ¢g AS &nld BE %3
A= (=P- e(50) - foler(t) dt, Sv animal—l)
r: e F37)7 (d)
V,: W2 AR E A 7158 A2 d#H e (kg (animal - d)Y)
b Med g B (6 kg

b: AFS @7} (B L)
P: $%9 Aag (L (animal - d)7)

e(50) : ASAE NFFAAA} (Sv BqY
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9 AelN 9EZ s THA Fe 2L FAe) VI 247} oS (9)
P+ 9b 4D &4 (FAN8)S Yt o8 SAZEAA 9
JENFE AFY ES AP WS BB FAF £, 2E 4,
St veg ARUAF BAHF ()% AAFAE 248 (£,)e o

& Hoz B8 4 Yok

t, lyr
fDC(t)dt + ft Cddt

(o = lyr (3.28)
fo C(Ddt
fo Y (har - ft " C(ht
fb( Z') = 1yr - (3-29)
fo C(dHdt
o 714,

C(H) MedAE HAFE A4Z ) WA EAS] B (Bq LY

£7) g8 ved ARS ERNEAA RAYtL APRY. = W
29 ASHA AFANFRE SLARAA 438 JBoE Bk A5
AZe F7tl BE o5 ZE JTFL HAY 4 gE AL R =

gHg9 AAD0n JHESET teRdgde) AFNHAAN Belaly S

c2HEH ARHE $FY W2 A% JZAZ A, £o5L T
Hoz B7He % Sk
AB(v) = a0 H(t) — Vi bsot (3.30)
ABy(7) = a - H(t,) — M- b (3.31)
o714,
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H(t,) : 3389 A=A FoNA Svlgle 7o 2Ry A
B S$5F59 AvE A3 mI A
(=M- e(50) - C(t,) , Sv animal'l)

M: @vg) 71E% £579 4% (kg animal’)

SRANS 9T v d AEUAT BT B PPN AFA
Ao AR AA Y SHW MAEERY] T2 HEH ZTEHET.
— Cs(th)
KD = S (3.32)

A9l s 7k 2 HAHVDE FEHoR ggH o] FFE F
A}

AF3 . AB(0) > 0 (3.33)

A28 A‘Z;LQ = 0 (3.34)

@ A4

2 d7dN mdE $EA AE 0@ v PHEL Bxe)
FHY ARA7) (82712 1 59 19 ~ 99 309) 88 158 AH B3
4ga9c. AL AT F2 92U Pwgs 93 U0
(T12=301d), St (T1,2=29d)0] AU 199%6d AHA Erlxtgo] =4
3t $HE 108 ¢ A2E 02 % kg'oZ AT FutEle] i)

el Hed ALRE AT AHEY ¥ 10 kg 47, S AUFL 10
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¢ d'2 Zpgstdh A tiE dFeAARE YCs, Mor, Yol his
z} 1.3 x 10%, 2.8 x 108, 2.2 x 10% Sv Bq'& &3} ¥}3.15]. |
13 3172 VCso) ©e AAF ol HePNE HskA] a4k Hest
109zt 8B ANE F LG AR 0YFL WAL A ¢
FU PCse) wEME HAETh ofRd deHAE HsA ARe AE

$HU PANEDY FEE FUW AUA] =2F F AL AEIH W

2
(N
£
=
lo

B (Typ, = 29)2 A8t Blnd waA Fide AL B
dAE7 dAERS AsE 298 Bxd EF ¥ $F2gd U
Q7 Qeng il BALED L FA FasiH, ol a9 AWE
o2 S B RY FEE G FkstE AL BAZEC.

o9 3188 FAF WP ARUA AL £ G
F HEAF) £4S Jerdnk. s 1A A, 40%) AZAFE o]
7] 9% wegrE WA e IHE Adg0]
go] a7 1049 AAL AT FPHAL
gtk ARe w4 B NEAL SHo|M T vls oF 45w &)
' AL dehdth 29 3195 JAF 4HAFAY X 871739
TN AH Fo] £4% Uedth AENFL 40% FAaAT]7]
A% FAZZL AAHF AAYo] FFHALHE F 2590 L7HY 10
49 AdL AXm £ ALolE o 70de] aFHA Aabe H]
gl g AZAY WA Fab] vls) oF 2887 gk Yor A
= vl dado] BAEt. ARHoz RE HFo g AHE A

&3 e Ao8E FANE O AEZAY FHAN vf¢ Fasite

i)
4
rx,

0%
i
32
o
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12601 ¢

~10E=01 F

-2

80E-02 ¢

(@]
o
5

4002 N\

87Cs concentration in milk
(Bg L™ per Bq

20E-02 | | N

0.0Em ) 3 1 1 1 ]

Time after deposition (d)

¥ 317 99 A5 HLIAEE dASAE B dAstA] &ke A
$ 5 VCsol wEWE A48 ASA IRe AS, HA
< WA S 479 v UEHd

(The variation of "’Cs concentration in milk with and without the
substitution of clean fodder after unit deposition)
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Sos| N\ T B
Boop N T

! 10 |
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o

4]

9 — 0

S 04} ww\.\\\\\\\

S Starting time (d)

©

8 02}

L

0 = | .
0 20 40 o 80 N
o " Substituting duration of clean fodder {(d)
Cs AH) me FAAF) 28

Q

w

@)

©

©

=]

o

[72]

@

IS

C

2

©

© 02

T8

0
0 20 40 - H N

Substituting duration of clean fodder (d)

b) st AA) W oMo g

a9 318 @9 JAHF nled AARWAY AFAFH FY7|0 FFEA
SfolN AEExol G2 FAHTY 2g
(The fraction of residual dose due to radionuclides in milk as a
function of the substituting duration and its starting time after
the unit deposition)
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1 .
° S R e _2\0_ B
A N
ERN N 10
—
= -h»—‘\
o r T —
It 04 o -
ks Starting time (d)
I3
S 02t
w
0 A —
0 20 40 60 80 100

Banning duration (d)

() Cs Ao w2 FANF &

08 |

@ S
g T 20
g T e
S 06} S— 10
g \_
E 04 | ""\“0\\\\_._‘_\\
S Starting time (d)
= .
© 02 F
(1
O 1 A 1 L J
0 20 40 60 80 100

Banning duration (d)

(b) “sr FAo) we FdFe £g
1% 3.19 ?_}‘?;l 7}3]2:1‘; ﬁ%g—;qg] }\]Z_]-}\]ﬁjq_ _/[:337]‘7;'_!4 _at.}__}[:i)*] —or_%oﬂ
A dFFrd ug Fogdzge] E&
(The fraction of residual dose due to radionuclides in milk as a

function of the banning duration and its starting time after the
unit deposition)
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AHde & & Aok dFE AEZAY 589 FAole AF EF wigty)
o AEEZ By 59 xold sl

¥ 319 ¥ 50 kBq m” FHFE $fol O AP AT 2
F717ke] F4EH £015L BoFth HAHF 149 RHFE (YCs
232 x 10° Bq d L7, r : 231 x 10° Bq d L)} tj¢89 & #AFH
skl Folyt AT More] A AFHos we AFH
A2 s R U w05 VCs WA Hls) Tsr WA Ao B
w3tk olE @ AL Yo FHo) Ao ol B AeFAE TCs A
Ao Ao us) net 44 A 5 dokE AL vehdd. A
SPAE B AFPHE EBE &olSd slolH Hoh WwsA &g
Vs A% 597 1099 AQF NP AE SPAUAE BS, A w05
¢ 2= dAVIZe o 209 A=k o] /e Hed ARUAS 9
AF7|zrelch o] 713t ol HAE HAHE HYP AR HEY Zri=
Folse ¥ gastdc WAl AP & Qe Ve WP A
A Mol AHF 547 1092 A4 2zt 609, 40Y F=ERT ARHo=
Bede Ags 2 AL YIRS wy HPSEE Svlsigon,
ole gBR WE A A47t Frhade AL Avidh QHSA
£ e $HEAE Y0 A g PaEA Eahgch Yo 33

)1\j )

of.
Lo

flo
—{rl
r?z
ro

o
=

el

—r—‘

o

o AL AT 9F HAFH DL Vore] NFpid WE o Fo|So=
YCs Ao ws) 2tk
¥ 3202 o W) AFF 1099 AAAZLE RS o ARY HA}

Qe TES P N FEEH £0]5¢ HAFY F 4%
£ 10 kBg m?) Aol Wia) oMY PSAAE LA ZapAT 100
kBg m? =] dsixe ved AtagAe £33 HSPAQT. FAHA
B4 A=t S7HE w2t 3 g A7|e A 20

£

ko
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¥ 319 AEY FAEEZ] AEFE 50 kBq m7o] thal YHF 3P
o AR SR FE2H SRl W Eol5 ()
(Net benefit for milk as a function of the duration of the
countermeasures and their starting times for radionuclide
concentrations on the ground of 50 kBq m?)

-89 AFRATE (d)
WA Ee

gz | 2AA > 10
@ 94 27 97 27
(4B;) (4B, ) (4B ) (4B )
10 354 394 21.6 524
20 471 1033 251 1253
30 45 -183.1 18.0 -209.0
40 34.8 -271.4 5.6 -300.9
iy 50 214 -363.8 7.2 -394.0
60 8.0 4572 206 -487.0
70 5.6 -550.6 343 -580.7
80 184 6433 -47.0 6735
90 2321 7373 -60.4 767 4
100 436 8313 741 -861.4
10 109.0 32.2 75.3 154
20 159.0 243 107.1 146
30 177.9 232 115.0 75.7
40 179.3 947 110.6 1537
i, 50 171.6 177.2 104.2 -238.8
60 165.9 -263.6 97.1 3252
70 158.2 -350.0 90.8 -412.2
80 152.4 -437.0 83.7 -498.6
90 1447 5240 773 585.6
100 139.0 -611.1 70.3 -672.0
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E 320 AHF 1099 He ADALES A | AR PAIEA F
2o teusle £AA FEZA Shol B EIF §)
(Net benefit for milk as a function of the duration and
radionuclide concentration on the ground with a 10 d delay after

the deposition)

PAEH e AEFE (Bq m”)
A
az Ee 10 100
=5 A 7%
(d) T A =4 A =5 A
(4B;) (4B; ) (4B; ) (4B )
10 117 -90.5 63.2 4.8
20 270 -185.1 90.2 -50.6
30 -44.4 -282.0 96.1 -119.8
40 -62.9 -380.2 91.1 -201.8
151 50 -81.4 -478.8 85.6 -287.9
60 -100.1 -577 4 78.8 -374.0
70 -118.9 -676.1 71.5 -416.4
80 1374 774.7 66.0 -546.9
90 -156.1 -873.5 59.2 -634.9
100 -174.8 -972.3 51.9 -722.8
10 09 -76.9 170.6 130.8
20 -10.6 -162.9 254.3 170.8
30 -25.0 -255.1 290.0 148.6
40 419 -350.7 301.1 9.6
w, 50 -59.2 | -44738 308.4 224
» 60 -76.6 -545.0 314.3 -50.3
70 -93.8 -642.4 321.5 -124.4
80 -111.3 -739.7 327.4 -197.2
90 -128.5 -873.1 334.7 2712
100 -145.9 -934.4 340.6 -344.0
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A wk712 (FCs ¢ Tijap = 50 d, *Sr @ Tij2p = 70d) oW & Azt A
E Yeld ¥ of$ =g PAAEERY TRt AAasHT SF oA

Ycsel e YSre) xRl oF 1008) Eod ol HIAlzZEREH SF

£
off
H1

S zel HEAHASL (VCs 1 4 x 102 d kg, Yor : 3 x 10* d kg')7t R =
7] WEelth. HAF 547 10414 &FW TCso wEE 27 1329
221 Bq kg’ per Bq m?o|t}. wilr 1 Bq kg' per Bq m?2 Zo]7) 9%
gA7Ite AAE 547 109 hAS AFSES @ A7 oF 2097 60Y
o] 278k AAE Fatel] s W ESwlA o 3w AR} YTe A

2 ouldth. webd 49 Aes IR E SR WANE A& o
SHNE HESANN Faste AL &+ ok

¥ 3212 50 kBq m” AAF tls@e) AFAHH a7z FrEH
S5l HE £ol5e vehth &/AM V0o AHer 2 &
s o] e AN Fo)Se Msr FHo) A WA vk we
A YCs A Aeel olH SR A deFAE Y5 AF AL
ot et webd s A3 A, dAde BRE E32H9 e
Hd W Yor AAY AeE IdwFor AP & vk VG Ao

AN}

e

2o $o52 AAY 20w GAAGe] ALHYY FARG 2 o5
2 97 e Bt 37115 A 27 Eh:

£ 32% PAF 1099 A AAF PAABLY AR g
Ao} Bz LF UB ol5E BAZET TG AEFEI} 271

ol wel HHFARD 2L £o)52 ) dME Bt F1e oA



Radionuclide concentration in beef

(Bg kg™ per Bq m™?)

137CS
i o
1.06400 | /
I/
1.06-01 |
QOSr
1.0e-02 |
1.0E-03 ‘ ' ' '
0 20 40 60

Time after deposition (d)

a9 320 99 AAF SF PANEAY ¥

100

(The variation of radioactivity in beef after unit deposition)
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% 321 50 kBq m? FA%E tjgAse] ARAHY )] FEEZH &
Sl B #ol5 (9)

(Net benefit for beef as a function of the duration of the

countermeasures and their starting times for the radionuclide

concentrations on the ground of 50 kBq m?)

A4% A AR (d)
oz A 717k 5 10
(d)
oA = A o A = A
(4B; ) (4B ) (4B; ) (4B, )
10 326.8 554.1
20 607.3 1,030.7
30 854.3 1,451.3
40 1,042.1 1,772.7
g | - 90 1,217.0 1080 2,072.6 0
60 1,371.3 2,338.0
70 1,510.2 2,577.5
80 1,6285 2,782.6
90 1,733.9 2,966.1
100 | 1,805.9 3,093.6
10 -6.4 -3.7
20 133 -8.2
30 205 131
40 281 -19.0
" 50 -35.8 247
Sr 3,560 -3,530
60 438 -31.1
70 -52.1 -38.0
80 -60.4 -44.8
90 -69.1 -52.5
100 -77.7 -59.8
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hYE 0% 88 REBlL BD E REEL Bl
bl % YT ‘HE B B BET ‘BB E RE ll td Tlolk
alole Tl ‘R BLREL Bl ‘BR BEBR RR ‘Bl Bld &
bE ORR kk RR B B RBEB BRI BKEE B TULBRE
Y BERE bith KE Sioddl tRITNEEEREK REl
hERY B2 ZlélvER BEKE {48y ble2l Kl
8l BB T 4 B BRhE & BR bbb khipk 254 2
Rlo T+ B2 B&EZTKIKR &kt & 6l SR IvERR
WEEKE kleRE ik
B ERE Rbh 32Tk ‘kiklc 2% 2 2B L BT
hhd 32 £2l 24h BELES BELRE kih bl &
By TERR To8lk 3k bIE 2 LFk b 3B EEk
Rl Ehilkd klohTlolhlblh Ek 38 FRIVERRK
B loERE Bl by kSl & BT BD Tk BIET
foltsle BB lietl ‘FE R Bd BER IRTLEREL

kKkEg B2 38 & B8& KKia beE Rk & 2HWEE RiKB
‘Bl 3= biekE & & &= v &k BE £
Y lotih bl BER 20 biks BT BEEE& @fHh BRE &
Z T Bl Bl &l kgl EREE RlRTIvEER
| Tl bRvEXRE 12
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% 32 PHF 1099 wgol AAHYL W PAYEAY AT
Yg7Izte) B52H SR G oIS (9)
(Net benefit for beef as a function of the duration of the
countermeasures and radionuclide concentration on the ground with
a 10 d delay after the deposition)

WA E A AEFE (Bq m™)
oz o A 71 3¢ 10 100
(d)
o A} = A o &) = A
(4B, ) (4B, ) (4B;) (4Bs )
10 1025 1,118.7
20 1895 2,082.2
30 2653 2,933.7
40 321.3 3,587.0
» 50 372.9 4197.2
s 60 4177 2,783 4,738.4 5020
70 457.3 5,227.9
80 490.0 5,648 4
90 5183 6,025.9
100 535.5 6,291.3
10 91 3.0
20 183 45
30 27.6 49
40 37.1 37
" 50 465 26
Sr 0 e -3,590 0 23,460
70 -65.8 3.2
80 755 6.4
90 -85.4 113
100 952 155
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L =2 B ) et B B <

AYZRA 2" 74 845 thFH Zo] vZAZE E/FEo

(1) A2 9

A ARA 2] 2ol YA A7 48 AaddE ggol

AEF7F ATk AA, JIRE 9P AFH Lol A8E =S
3 geste Rolw £4AEE W) JHER 9Pt B4, A
Jge AEE TAElA HolE Ao LHE: ANE ogdd A=
gol E8E A5 FHa9, 2 AN YAE FAPYe FE A=
2 Bgdd. Ad, 2AYe 2 o A5HE BPo ARE 27y
=

go] Fx3A7t.

@ Az B
Aewde Az A, £4, 45 FABPoA dolg
Wolx BB 9F WA geld, NAR dolguols Nade =
£ AYFRE EHAA BAow Agsd ALANA HAo AP
ARE AFBTh dolgMols Axdo] Hy datds £4 A XA
2z APAFe S0 APAHA2Y TR YEHEE 7A G
Hojol 3. 283 2P SRS ARH A8 FRE HIa

S 4 lolot gk
(@) AE 2% @ B4

Az 2% @ BHASAE FUAY A%, LA A5, 5

AXNGEY 7F, FEY 7| T8 A BEFT £ ded, o J%
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¥ 323 GISe A7 2@ BAIE
(Manipulation and analysis functions of GIS).

Function Analysis

- Vector/raster conversion

- Projection and transformation
Spatial manipulation - Coordination

- Proximal or neighborhood analysis

- Area, perimeter calculation

- Polygon overlay

- Polygon dissolve
- Point in polygon
Spatial analysis
- Buffering and coridoring

- Windowing
- Grid cell overlay

- Contouring

- Slope, aspect calculation
- Watershed analysis
Digital terrain analysis
- Volume calculation

- Cross section

- 3-D viewing

- Optimal path selection: route
Network analysis - Flow simulation: allocate

- Time, distance districting: district
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4 A8 &9
24, HEE AHFEE AEAAA Z AEEr] e ®E
sz ste FAYG U R FS HAFIA ZEda, ALV
83 HRE AFsta HFSHA A=5E F JEF ook grh. IREH
o2 Z¥d A{HE T32E 2UE, ZdEH, T2 (plotter), EPP

(Electrostatic Plotter & Printer) &©] $lt}.

o AYAFEA L A5
AP RA2Ho N AEHE A3 E F7AF (spatial data)9} £

T 2
53 2 ZF EAL JEU I, £A4AXEE °oF FUAEY #H™
AA e BAH, 271 2 AEF, AHFFH EALE YdEd = Zolt. od F
A E B3t VeHd Wy #HEH  (raster) WA HEH

(vector) W4], TIN (Triangular Irregular Network) 2] o] lt}.
ez mdHT, 7+ B2 e S4E 7IA2 5d€¥eg AFd

WE HAe AFPEXHo] MY F AY 22 A, A, Wozy TF
9. d2M A=Hd ZAE FAL2 sy XY #XE FAHE F AR
ol¥, Z3% ZF2 AFAET AFY XY HE FH XY A2 T
AEY. EF &3 Z& WASE vy XY HEE HoHY I8 74
Ztel disted 428 (H, 24 € )= EdEY B dFdAMe F=2
AE AL AHEsAo

TIN W42 A% A2 HEHIH=2 delll= A5 2dolr, AF &

e M2 428 47489 99 Agez Yedt. A ZAA 27
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o Wa XY HE (Aed AXNHF Z HE (5ol) gol 71%83, %47
o #APel s $4AE B/t A@H Uk

2. HolEuolx N EEA R FEAL
AUARA LY HelA BT Pi@ 42ES Bels] 9@ Hel
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Summary

I. Project Title

Biological Resarch for the Radiation Protection

II. Objective and Necessity

In the living environment, besides radiation, a multiple of man-made
chemical agents have also the’ potential to affect the health of human
beings and combined exposures are a basic consequence. Therefore, when
ionizing radiation and toxic chemical agents are exposed simultaneously,
there can be many examples of interaction between ionizing radiation and
toxic chemical agents. Some of these interactions lead to effect which are
greater or lesser(synergism or antagonism) than what simple addition of
the effects from exposure to single agents would predict. In the present
study, we investigated the changes of mutation frequencies by radiation
and toxic chemical reagents and the prediction of antagonism or
synergism when combined exposure occurs.

The objective of this study is to discriminate between the effect of
ionizing radiation and the effect of chemical toxic agents on man through

the microanalysis of DNA composition.

Ill. Scope and Contents

The work scope of 'Biological Research for the Radiation Protection’
had contained the search of biological microanalytic methods for the

assessment of health effect by radiation and toxic agents, the



standardization of human T-lymphocyte cell culture and polymerase chain
reaction, T-cell clonal assay, and the quantification of mutation frequency
in hypoxanthine (guanine) phosphoribosyl transferase (fprt) gene locus by
single exposure or combined exposure. Especially, the polymerase chain
reaction methods by usage of reverse transcriptase had been developed to
analyze of gene product by y-radiation and chemical (pentachlorophenol)
agent exposure, and to investigate the point mutation in hprt gene locus

of T-lymphocytes

IV. Results

DNA fragmentation analysis (apoptotic fragmentation), flow cytometric
cell analysis using monoclonal antibody against receptor protein of cell
membrane, and somatic mutational analysis are effective methods to
assess the health effects by chemical and physical environmental
pollutants. However, in the present study, mutational analytic methods
were used to prepare mutational spectrum of hypoxanthine (guanine)
phosphoribosyl transferase (hprt) gene in the future study. In vitro somatic
mutational effects of 7 -radiation and pentachlorophenol(PCP), which is
representative of chemical pollutants, on the hprt gene locus in human
T-lymphocytes were analyzed by a T-cell cloning assay. Mutant cells were
selected by their ability to form a clone in the presence of purine
analogue 6-thioguanine. The mutant frequencies by 7 -irradiation to a
dose of 1.0 Gy, 20 Gy and 3.0 Gy were 40%, 450% and 750% higher
than those in controls. Significant changes were not observed in mutant

frequencies in the 0.2 Gy and 0.5 Gy irradiated groups. When the doses



of PCP were 15 ppm, 25 ppm and 50 ppm, the mutant frequencies
increased by 15%, 90% and 520%, respectively. No changes were observed
in the 10 ppm treated group. Similar types of dose-response relationship
were shown in the two different mutagens. When ¢ -radiation was
exposed with PCP simultaneously, mutant frequencies of hprt gene in
y -irradiated cells were not different from those in combined exposed
cells. This result suggests two possibilities. The one reason may be that in
vitro condition, treated PCP does not convert into PCP metabolites, which
can effectively affect the mutagenesis of hprt gene, in T- lymphocytes.
The other reason may be that phenol group of PCP scavenges reactive
oxygen species formed by 7 -irradiation. Therefore, investigations about
mutational effect by PCP metabolites are needed.

Reverse transcriptase/polymerase chain reaction (RT/PCR) technique
will be needed for the mutation spectrum of hprt gene essential to
discriminate that by radiation exposure from health effect by chemical
exposure on man. After mutant cells were collected and clonally cultured,
total RNA was isolated for the RT/PCR of hprt gene. In one part(5/12),
RT/PCR products in the mutant cells by 7 -radiation exposure were not
formed. On the other hand, in the mutant cells by PCP treatment,
RT/PCR product was almost formed. This means that point mutation on
the hprt gene locus predominantly occur in the case of PCP exposure.
Deletion on the hpri gene locus occurs both conditions(y -irradiation and

PCP treatment).



V. Plan for Application of the Results

In the radiation protection concept, the heath effect or radiation
dose-effect relationship reflects on only radiation. However, it should be
remembered that the effects of ionizing radiation on man are observed in
populations who live in today’s environmental, including its ubiquitous
environmental pollutants. In consequence, studies about health effect can
not be carried out for single and isolated toxic agents. Therefore, these
results can be applied for the appropriate model to predict combined

effects of different noxious physical and chemical agents.
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FARAE B8A A714E purine FAFA] 53] 6-thioguanined] EA] 3loM T
AX7F AZE 4 de D7 FAFEA o vk Aol JAM A hpree] 2
P2 Lesch-Nyhan Syndrome& Z#isln B2 2 ZAPL EZol} gzt
#4e 2ABT ol2@ hprt FHRe] Fdwo]l 89L TguIe} ol
theFstt.

- AWM wE EFdHo|(McGinniss et al., 1989; Cariello et al.,

- WAL ZALel EEtawe] mE wo] (Nicklas et al., 1990; Casto,

- SujEQez Q8 Wol(Tates et al, 1991)
- o AAYE Ao] Ue AtEA A7lE WHol(Cole et al, 1992)

kA Albertini 5ol &3t olf{gt hprt FAAE oz FIAQAT
S BAE7] 93 oz A T-cell hprt clonal assay= EH¥Ho] AX
o EErt 4 2 B¢ ASHA WigzaY g B AR Qe W)
A S HRET ol dubFo R o] 1R BHFAZHY xEd g
EQEde ARE FHEL EATA glow HdAZ TRIJPZTAEES
ALg3te] dEAAE AFYEAES ez A FE FAsted de
A& E 1 g1t} Polymerase chain reaction®] =22 cDNAS H7|AMEE-
Mol T& &olstn AE&AH UA HALW mEA hprt AR EFdol
3 DNAQZIMERRE £4A HET 5 A =HUS DE=
RT/PCR9| ¢]% == genomic DNAS] ZF%o] 9§t mutational spectrume]
Fgoz AT EddolZes BT WIS RIES FFEAHEALS
AAA B0 st AT

g TR}

rr



Glycoprotein A(GPA)= Atg ZHET EWHAA F4=HE F8 glycoprotein
o|#, MN blood type?] $-4&E=lolt}t. GPAd Waia 283 7]&HQA
B, 3 AEEH V52 gEAA E%th Flow cytometry(f-5 4 L2 A 7))
assay= THE FFFE7 Z2¢E BLTAE 083t ZEA Hols E4
o] HETFGPAL A)E HES] Hs /I Ach(Nagamura ef al,
1991) F83% A% @ Eddo] TANEY Frt At AZHEAEY
ATA BuE vt (Langlois et al, 1990). ¢]= A}E9 normal diploid
cells®} markerZA] 6-thioguanine A &AL ©o]83 in vitro AWM AF
(Nagamura et al, 1991)dlA9] Rug g ol FAST In vivo GPA
E AW o] 9 calibrationo] &3 I3 in vitro system2 {SA 2%, o] 2
d= JYF AFAHEANAY GPA Ed¥ole djujsiy, HAYFT A&HT
= Mg AXde ALZ HHE 5 Utk GPA assayw HEFF 40 ]
ZaE 9E AEAE AtoldlA HEig AF & EdHo] YRIE F
7FE g3 a8 B2 olt life time dosimeter2 Al8E JlsAdE zeth
T & GPA assayd FH2 2% AYF(ImDT lol= "Hoes FHol
Aot A9l 50%+ homozygoteo] 7] W&o E4jo] Er53it).

o

AHA A2 ALY AAGE dFE v, FHPRY 433 2FHo=
RoZ AlSET 53] dEE 89 HAYH A7
HH7)E ATE 1988WRE Al Ffst glom ALY JgH el Azt
7} 4t ZlEg e T¥FHo] FHA FHT Yok 53 199438 AlF
Hol 20008711 APEH= dFAd = AMELE DNAS A HHS o] &5 =
At Eddo] HAEVIEY ALTo] Utk o] 79 EFL 2 F
B3t1 e DNAFA7E T& AMEste] BE&Fom & FYUs sd¥ole
A 71eg Mdstes A AFEH Je & o83ty dA4risd AT E
AAsta, T3 25 Eddoldd It Hdd g AFFA AT S
BE7E DNAS FxW3}t Fo o A8t At o Edre] #i,

r_&

—l



A5 5o WAUZS Wiyl g8 AsEe Adsted A LAA
GYE7H R AL olkAtE 47 B AzE ATHE Rl Yse
obef st e,

A 2 Sd%c] € DNA G781 g 34

E AFdAE BAapdel o] fiE EduolE A £FAA s4st
= W9 SR A| reporter §AAE E{FF MXEL transgenic PFS2 0
=Y, WA ZALEA o] {AAE St o AUl WEE
ZAetE WS A8t vk 343 reporter fAHAE Aol AHE
HolAE HES EdHolHEY reporter FHARA HEHI Je A
T gptTAAE AR Frd 2AREY, DA EdWold £R& AT
sequencerg ARg-3te] AT FASE gptrAAE XS EFgd2vE=Es
thAF AB1157¢kol =915t WHolAE AERT 2 A, ek ZALd] ¢
g gptHrAAY F2 GC @71ddl Wol7l dojut, GC-T:Ad ], G:C—AT
Hol] 2 GCoCGHol7l $dEHT= Aol A1 ot %3, G:C-TA
® o] & guanineo] ZHAIE X g2 DNAIX 2 (nontranscribed strand)¢l 7-9-
Zo] dojuiy, WHolg ¥oFHTI FAHE guanined] I Fo= adenineo]
ZAFE=(E-GA-Y)E7 BEol BT A, GC-T:A¥olE dodls
AL g2 AL U= 8oxoguanined] e FEEA(mutM)e] Z&EH AE
o ZFAnEE =9t HeNIEE A8t YT

ol

A 34 Eddole WA

A7|AE F2 nano FENAY |, F, DNA @7ME &9 o4
AL riskE7EY] AR ABE 4] A DNATZHSHESHIA G7
d2AYE 4AFstY, EEH EdWel HE A2d9 ZYPS HIh
B @7 8 AZIAE DEIHCY U] HE DNAEGY 549 F
%, 2DNAs| Ao &M dad 2o % wWeld A, 3)iAtd 2+

o

- 10 -



BeAzel dTolth 1ol Avi WAldes fusel AZATA g
A =ASe @94 28Y olde 44 WD BY BHos, B
4ol % DNA&Ao] ol W7]Z2 2 chromatingabo] AEs|o], A%
Moz gavold fdd ALHEAE 24T Y. 29 ATAE
HPALA Gl o] At Al X fdE hprediolE A3, mRNA splicing
yom AZHE wolZEo] AN FUE exonde] HAwHe 3
dg 2se SAd $A8 Badole] Bol4e PET U 39 o
oA THE, BAES 7lsde Be ofa, Sapdel 93 oEwald
@) 424342 IHA sid #AA A2 background2 EYHW =
o Mgs TAENESC ABDE AL Toluth 02 nulEk)h AR
9] scidul$AR e = ASAE 100% ByHoz AIFES AR

2

2 d HE
A7t 7FE3] P 9le™ DNA sirand breakage®] comet £4 2 ¢
AF ol AR (AEHT e AN )T 8 4 gt WHES ALH
o7 =81 e AdAoltt mAG F&E9 FHA HE FFoUY PCR F
o WS B EAUSEH glow olEF IR AX E ExFFEAAe]
AR @ge] Mg AT Id77F Bds] AP Qi

gtz o g Fddo] A7 F OUdF fAANE dFeE EH4EH F4
T Y #F L8 g3 AAE Eddel EXXREE AFd] Bol 3
Ho] gow Arlol A hprt, HLA, Glycophorin A 59 G232 A4
ez oflth E3] olf ¢ fiAe 9F mIaht & #xo A WA
A8A BAAY Boh 4R 984e 2AE Rax gl §3] XA &4}

-11 ~



i)

Bes QWY EolA, olEu ERFRFHAGY B9 E WHo| typed]
2uzh wol HAH glonm mprt RPAE si7FA|olT. 2y A
= AR olF & B2 AZFARASl(clean up) A¢- 610 o] A

ol AU hprt EAW ol Dol FUMsEH ol dAbol WA HF o 9

& Aotk olyut st WA WE SHAXM Y HI ol case studys Bl

o] FoiA A @ Ut wEtM WA/ 5E HIRE TUd 84 EdHe] ¥

o 9% Edwol EolAe 3 datad FE ¥W HEIE Aol WE H9Y

AT =3 AT O E B2 ¥l FFF AEAAL 4d 9

o Fugd AWdAclZdes FHE FFH AR YgsA ste AEH

gtz & 4 Utk &8 ol T HFIL 4R 5 FAARtE ez

e AL v, APAHY WHol Ytk ZHEE HAA 2REAd FRA

A<AQ 427 Eddo] YA = DNA 471N d-& T3t WAL 9

A= Brt 2 Azt HZstodof ok

rJ

rok

it

L
r
o
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H 3 & dds-d UiE A 2

A1 Hd AFdAE 2 U

Zxgd Fz39 RYAE & MEF, ATudRA

Ao AMEE AtEY "= Az E#E $%te] heparin (beef lung
heparin, 10 units/ml whole blood)2 2 &g FAL7IE A& A Y
¥ 25 mle] ¥ed-& Histopaque(Sigma Co.) 25 mir} ¥ 50 mlg HAEg
o) AZo) ¥, ALoA 400 g= dA EEdtd FF9 ddf gz A

2 FAYG. o] AXES DPBS o2 F ¥ AHI & (250g, 128;
180 g 12%&), 5 ml RPMI-1640 iAo H{A7)3, 01 mlE 04% trypan
blue® AI5te] haematocytometer® Al AE9 HE2 =F3Ych BB
kgt wj7kx 37°C, 5% CO, incubatorojA H.#F3FEHTE T-lymphocytes Hj
okg 95ty 71EMIX]2A RPMI-1640 (Sigma R-5382; with L-Gln, USA)-&
Adstgs, 2 99 718 Alefe 2 Dulbecco’s phosphate buffered saline
(DPBS: Sigma Co.), HEPES (Sigma Co.), sodium bicarbonate (Sigma Co.)%%
o] A}&zE gt RPMI 7|EH]Rle] ZAL 25 mM HEPES, 1x Non-Essential
amino acid (Sigma Co.), 1 mM pyruvate, 0.05 mM 2-mercaptoethanolo]H,
old) 2g/19] sodium bicarbonateE FH7}38led pH 728 ZH3 F, ogapdF
skt 2, 3% Aldiuieks 938t RPMI 8 A o] HL-1 medium (Ventrex,
USA), calf bovine serum (CBS: Gibco, USA), T-cell growth factor (TCGF:
Collabo -rative Research, USA)E H7}3lHth Axujeko] AL g " 7|72E =
T 438 ZZF2"HAFNunc, Denmark; Falcon, USA)S AMg3tHTh =3
Ao AL-EH cell lined hprt-negative¢]l WI-L2 lymphoblastoid cells (TK6;
W. G. Thilly, MIT, Cambridge, MA, USA)¢] A XFQ 36x4 cell line

-13 -~



(hprt AR 329 A4; Skopek, T. R, 1978)7 A Aoz da] AT
Y= HL60 cell lineg AME-3FTh ol human lymphocytessld Se#l® A
XFE hprt'd] AP AL 1AM, 6-thioguanine (6-TG)H) 2|4 DNA9] =
Aol Aoz ApdEch & AFd AMSE AR ARE 39A4 g2 gt
(Sample A)e} 2241¢] &= YAtolA (Sample B)9] blood lymphocyte® #
Z}7} heparin (beef lung heparin, 10 units/ml whole blood)2 A}-§-3ta]
¥5}1 lymphocyte® E&8tgt} hprtf-AA7} X-chromo somed)] <)X 3}7]
o £EE& =7 3t EF @AY gt AL ATH 48X Hj ko]
Z1} pH 659 o2 ulYde LA 250 g 2087 QAR T 2459
S RolA|, 56°CollA 3087 7FEE ¥, WEERESIA AME-3ETE HL-60
MEFol ke T-cell activationo] HQ g17] w24 7] RPMIH} X
10% FBSE H7I3to widf o2 AHE-3 ATt

g

2. A ZAFA] FAMD ZAF 2 PCP A g

AT £33 PAH 2AHE “Cod e AHE3M 0, 02, 05, 1.0, 1.5 2.0 =
3.0 Gy8 ¥o2 ZAridel =&Agen, o AEAS g8 AF, CBS
7t ZEEA @2 RPMI 7| AdA ¢33tk Ad Axe ¥tz 1x
ko] Soztth PCPE ©]& 50 mg/mle] X2 DMSOd o ZF AFE
3 HF%=7}H 0, 5 10, 15, 25, 50 2 100 ppm(w/v)o] HA &b, 13} ujF
AR 1247 A ZRE AREY 447 B9 AR ZAIGE AW
EAd) wa} 3000 radé}z1 zZAvetg ) Wik 37°C, 5% CO; incubator (&
=& 100%)o A Hx 3047t wigsts aE A |

3. 12} ¥ % (prime culture)

12} wjeke)& HL-60 human cell line®] %, RPMI 1640 7]Eu] R 4] 1x

- 14-



Nonessential amino acid (Sigma), 20 mM HEPES, 1 mM pyruvate, 1x
Antifungal-Antibiotic solution(Sigma), 0.05 mM 2-mercaptoethanol & 2z 3
FTEE7t S Yol RPMI 1640 &A1 E BHET, oj7]d]l ThA]l 8% fetal
bovine serum, 8% ConA-sup., 4 wxg/ml concanavalin A, 10 unit/ml
interleukin 28 713t 1a wl g (Prime culture§)o = %}95\1:‘}. A E 2
= 33" blood lymphocyte ¥ splenic cell® 1x wjgefd] z+ 2x10°
cells/ml=| Al ¥, & AT 250 ml & culture flaskE AF&3te] 50 ml
A dfFtaT vz AL 37°C, 5% CO: incubater (%= 100%)9lA]
24-36A1 7t 2 prime cultureE FIIHTE A ATF AlX Y HjF Aol A]
= 94 B2 ® blood lymphocyteE 13 wjgdlo] Z+ APTF 40 x 10°(1
x 10° cells/m)= A U3, Zt7] 4 71 50 ml & culture flaske] 10 ml 4
et EE o] AEe 1x ¥jgde RPMI Z1EHiAAl 2 mM
L-glutamine, 1 x antifungal-antibiotic solution(100 units/ml penicillin, 100
¢ g/ml strepto- mycin sulfate, Sigma; ©|4 EF é]%‘—}g—E)-% Yo RPMI
1640 SAWMAE W5, o7)d tHA] 20% HL-1 medium, 5% fetal bovine
serum, 1 xg/ml PHAES 3718t 12k wj$d (prime culture-f)o 2 319
ot #lYe 37°C, 5% CO; incubator (FX+ 100%)oA 36-40A 7t 2 31K
.

4. 23 R 33 ZAu|% (subculture)

36-40 A AZS 1A wigo] SEH AF, celld YARIHZE FAsNL,
O YR E g, FASY EELES FF (survival counting)dtFH Tt <l
g o wigoME EARATY Mdujdd Sojrirle dA AdYF
E Axugdrste 28 SE3 AXE SR LA gl7] wiEd 23
9] subcultureE 3ttt o|wf WA RPMI guj=]e] 20% HL-1

-~ 15 -



medium, 5% FBS, 10% TCGFE ¥§A1711, 0125 pg/ml phytohemagglu-
tining FHI7IAZAT. Wdg ARAY 0 AXY FEE 01 x 10° cells/ml o]
1, 2% 20 ml @92 wiF3ATh M| 4z 3ol Ay A
e PE2 woggd BE AES B Ba¥0] Ty WHE B 95
of 23 @ 33 WF Aol 4% AEXSS £AST =Y mutant plating
Z3)atgth Wl 12k Wl ¥ mutant plating AL survival plate, 23}
W} % platingdt A& direct plategt 3Gt 43k ¥l%e] AL mutant
plate ¢). o] WiFH-L ThF¢] 43 F(mutant plating)®] P F A3
AA G dutAd o 2 HL-60 human cell lined] wjgollE 22 AXE
BEg 4 glo] o] AFE AR

5. 42} ¥ (mutant plating)

3z} wjo] &8 F, (HL-60 human cell line®] 73-¢- 1z} prime culture
7} 95E F) o] MEE F hprtFAAY EGRo] AXE AT 93k
6- thioguanineg Agd Aelujde £g3Ath AT =& 5 x 10°
cells/ml2 96well platesE AME-3te] 1 welloll 1 x 10° cells/0.2 ml 7} A
stath o] ujorol e RPMI -AufR]e] 20% HL-1 medium, 5% FBS, 10%
TCGFE X3 A|7]1, 0125 pg/ml phytohemagglutining H7}X |t =3
Edol Az HYg 8t 6-thioguanined 1 pg/ml2 s Hch
Feeder cell-& 36x4 cell line {hprt-negative)s ol&3lHew, @2 9 krads
(®Co9, 1100 rads/min)e] Fetde] =27l F Agstdch o] Hae
cell countinge] &5 ¥ ¥, FBS7} &= A &2 RPMI 7| R ulj x|l A 4~3) 3}
H3 g AXTE 8l g AFEsIE ). Feeder cell 9 ¥%+& 1 x 10°
cells/wello] EA 3t} vl 37°C, 5% CO: incubator (X< 100%)2]
ZAA 1047 (B3 wEtXs 15Y) 533 F2om, hprt- negatived

- 16 -



CFU (clone forming unit)?] ZA-S #&ASIY T HL-60 human cell lined
Folres ME FEE 2 x 10° cells/mlE 7]FS2 31} %6well plates] 1
welloll 4 x 10* cells/0.2 ml 7} HA ¥} o] AT FTE= Ao A3
g wat 2 x 10* cells/02 ml == 1 x 10* cells/02 ml2 ZAAAH =4
Holo] MYl I3 AFHE ZASATE o] MYR-L 12 wjgFd e Hr}
€ % interleukin2 & A3 RE J/NEEL L Fxza Huelzm, 6
thioguanine$ 1 pg/mlZ HA7ISAT. WlgFe 37°C, 5% CO; incubator (&
=5 100%)9] 274 109-1597 48t H 2™, hprt- negative$l CFU

(clone forming unit)e] A& F=3}H T}

6. CE (Clonal Efficiency)-plating %73

Mutant plating¥} & Ao AEI AT FEIHEE A7 4
5l CE-plating®] 3-& $38tQrh o] feeder celle 1 x 10* cells/well
(human cell) &= 2 x 10° cells/well 2 ZA3}31, 2 welld 1,25 cell
(human cell) ¥& 1,520 cell FA F7l3te] vfFAIZ] Aotk B A dA
o] A¥%& AME+= mutant plating®} ZL A|HY MFolw o] clonal
efficiency 24 mutant fractiong€ EA3}th A XujgdL 4719 mutant
platingt] o} F¥3t}, EARo] AxY Mg 9389 6-thioguanined]
7} 81RA] 29tth. Feeder cell—%-/\]-%‘/‘ﬂifﬂ W oM At =&FAZ]
36x4 cell line (hprt-negative)S ©]-§3lon, TEMIEY 3% 36 x 4 cell
line, AF 9t B3 lymphocyte, splenic cellS Z+z} A3 Peh B} 7HH
3 B@gAUH o2 UV-irradiation® & =438td AF7]9] feeder cellAZ 9
A BAAHY 2AE ZAEYY. 8% mutant plating®} o]  37°C, 5%
COz incubator (FE=T 100%)S] ZZ4A] 1087 (B9 weEtMe 15¢) 4
313} o v, hprt-positive ¢l CFU (clone forming unit)e] A& #2314

-17 -



o}.

7. CFU & 9 Mutation fraction®] A Ak

CFU (clone forming unit)= H% plating 6 o]F EL3= Alxe 3
HEAN TR ole BT 10¥4d clone?] s #Usled 13 AR L
3, oA 14994 HF HAH-S H . Mutant plated| A= hpri-negative ¢l
cloneo}, CE plate (clonal efficiency, nonselective plate)ollA]<= hprt- positive
¢l cloneo] FAH o] %welld CFUZF l= wellg positiveZ 3l o] &
71234t Clonal efficiency (CE), Mutant fraction (Mf) % mutation
frequency (MF)¢] ZAH& Poisson statisticsE H§3te] th&3 o] A4rst
AT (Albertini et al., 1985).

P(0) = Py = Number of negative wells / total number of wells

In Py in nonselective plate

Clonal Efficiency(CE) = -
Number of living cells/well

* CE-plated] A@GAEE wellF 2704 €310 Number of living cells/well& 2 ¢J.

- In Py in TG-plate

Mutant fraction (Mf) = -
Number of living cells/well

* Well 2 A X9 4= 1x10° cellsd 7% Number of living cells/well-& 1x10*
feeder cell®] 4t A3

Mutant Frequency (MF) = Mf/CE

- 18-



8. Mutant clone®] subculture

Thioguanine-plate(Mutant-plate) o} /| /& CFU (clone forming unit):
hprt-negativeql cloneo]®, ol I EdWo]l F8o EAL 3o
subcultureE 3t H ot AFEHl A= Mutant plates] A9} Zo] thioguanine
RS ARSI e HigE7]= 24well plate (2ml total culture
volume/well)E Al&-3 Th Feeder cell& ¢A] Mutant plated| A9} e &
£ feeder cellg AME3IPe™ I BEE 25 x 10°/ml2 QT I
mutant platings Zo] 37°C, 5% CO: incubater (X 100%)9] X7 A]
st on HFAE 57 A Atold] FFo HiAE AAs, A wiA] &
feeder cellS R%3le FH AALEEE w24 & 4 YArh Cloned] uwlhat
FREEo zolrt o, —“LE—J 3¢ 159 o]F Ay HZE + (5.0 x
10*/total cells of each clone ©]4h)e] AETE 4L 5 YPth & AF=
cloneE-2 (1.0 x 10°/total cells ©]4}) Cryovial# Eppendorf tubeol] ¥-% i}
1, Cryoviale] AL H#ALAH T AH 2L stolx BB,
Eppendorfe] Z-& sAHEA ] ALEST. &, d4AER AXE FAHAZ
%, 1ml DPBSd] H-5A1#H ©]& 5702 A tubed] 2z} 02ml (1.0 x 10*/each
tube o]Ah) A EFFYT Z tubes THA AYEIAE AEE JAHAZ
FTdE &A3 AASGAT AR AETo] Sle tubed] HAHALE B
ANZE 54, F9A7]2 2 -70°Ce R#Aste thg-o] PCRyHEd 3t
A AHS ST ATHEHEY clone@d 519 PCRYHE-o] 7}5).

o

9. RT (Reverse Transcriptase)-PCR »
2 A% HA F hprefAA BAMolE ol g% WAAT AL
o AAGY AP E BEHozm = 4AFAA mutant clone hprt geneo

- 19-



mRNA< RT(Reverse Transcriptase) PCRA ¥ -8 §3le] DNAR wlEo]x)H,
o]= H}R direct sequencings] AlS-Etl o] RT-PCRAHFL FHA reverse
transcriptaseE Al8-3l= mRNAS] DNAZ¢ #H3E, #3Id DNASL 1x
PCREE 33 5% ¥ DNAE direct sequencingol] A3 73l ko 2 T
£ ZZAF]7] 93 23 PCR (re-PCR)¢] 37A| & ANt}

7}. RT(reverse transcriptase)-reaction.
Z 44 mutant cell(l x 10° cellso] )L A4 & (2505 A&,
15 cm ¥7, 1200 rpm)E $Ast2, DPBSH BHAA AX9 S &3
g 3, 7zt tubed] 1 x 10° cello] o] A BF3) thA AR 459
AAsE, JAELE tubed Fol AEE T2 FAF F -70°Coll B3
(A A HAE o] &3 Axe] ). BHHE cell lysate tubeE YA EH 1
Bo 7 cell debris® FHAAFH XZolm 221 LE FHsto & RT-PCR

mlo

reactiong 433t}

* RT(reverse transcriptase)-reaction

1x104 cello) At 1.0 «l
5x RT buffer 20 pl
0.IM dithiothreitol(DTT) 10 gl
1 mg/ml Bovine Serum Albumin(BSA) 1.0 gl
dNTP (2.5mM,each) 20 pl
oligo dT (50ng/ml) 05 pul
RNase inhibitor(40U/ 1) 01 pl
Nonidet P-40 | 025 pl
MMLV-RT (200U/) 1 02 pl
DWw. 1.95 ul

- 20 -



* W32 37°C, 1A A3t whgo] Ty LA Le W jnactivation

#3 flol vt2 PCRel ARE-= 7t -20°Cell R 3ol

* B3 cell lysates= tubed 2F 3 L] o= 3% 9] reverse transcriptase reactiono] 7}%
3, Ao =90 cell lysates THA] €3 RR/AMEE £ Qo 52 9 37 $9 718
WolSe] cell lysated] 42 v do] fI== Firh

1}. Mutant hprt gened] FZ-& $3F 1x PCR.
RT-reactione]l &3l wIEAA REE polyA-tails 712 mRNAQ
cDNAE 1x} PCRS 53l hprt gened] cDNATH ZE oo} Fr}. o] 13}
PCRHFE-9] Al§ primers} 24 8|3 §-§ 2742 g3 AT}

* Mutant hprt gene®] $Z& 93t 13} PCR.

2L/ e T 100 1 HFFX
Mutant RT-reaction (cDNA) 20 1 -
Primer 1.(RT3, 20 M) 1 ul 02 M
Primer 2.(RT4, 20 M) 1 pl 02 M
dNTP ( 2.5 mM each) 12 pul 0.3 mM (each)
10x PCR buffer(w/o Mg) 20 ul 1x
MgClz, 25mM. 6 ul 1.5 mM
Tag polymerase (5 U/ u]) - 05 pl 25ug/100 11
22k SHT 415 pl -

* wh-e 219l AJ7FE predenaturation, 100°C, 105 %; 94°C, 60%;
50°C, 60%; 72°C, 120%, 3037 4FE. post-polymerization, 72°C, 10%
* Primer RT35-CTGCTCCGCCACCGGCTTCC-3' (forward, 20mer)
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Primer RT4 5'-GATAATTTTACTGGCGATGT-3' (reverse, 20mer)
* Primere] =& AZAe] we} 37X =2 FolAr). uM, pmole/ #], ng/ #1 7} 2R |ch
HE 100 #M (100 pmole/ x) THE 0] EFE|E primer= ¢ 600 ng/ x1 (20mer, 187]
T ExF 30022 AR, WA £9 3 primerd HE FEE 02 #M-10 gM
(02-1.0 pmole/ pl; 1.2-6 ng/ ploltk. B HAFNA primer2@gAe] FEE 20 4M (20
pmole/ #1; 120 ng/ p )2 A o] Ut}

T}. Mutant hprt gene] FF-& $J3F 23 PCR (nested PCR)

12} PCRg 53td AMeHoz JFZE hprt gene®] DNAE direct
sequencingg 9t FEG ¥Fo] olvm AFF(rePCR)HoloF Firh A
PCRE Z¢ 13 PCRZH ZL primerE A&3te] PCRAIZ|HE & uhgo] H
A g A9t Bol AR o) o= B9 AWEHA goH, E
3 o2 gL d7AEL 28 oEwd A €1 WE sk

Nested PCR& 12} PCRIA AL-E primer5e] B2 ¢H&E G4 g= g7t
£ % )9 primerg ol43H= PCRZ 4rle] A glo] F& PCRATES
Helth

B Ao|A] AMEEE 27] primer RT-A, RT-BE ul2 13} PCRAA AH%
H Q¥ primer RT4, RT39] nested primerZ24 £ A3 o|&H <+ 3ith
a1} AAZ o] APCRYAE primer RT3, RT4E a2 o] &3lddE ¥
2A7 Qom, B Ag8dAEs 7134 23 PCR (APCR)| M= primer RT3,
RT4E A}g3la, 2 the A< direct sequencingolA] nested primer
RT-A, RT-BE o] &3l7|2 gttt

12} PCR¥} Z& primerE ARE3SH 23} PCRo] o olfE o #e
27}A) Adwo] ith. WA, Tag polymerase’} @Y 715 template$} annealing
d primerd] binding® w, 71 7159 F2 AR binding3dlr] 491},
DNA 2@ binding3dlrle &4 FZH L2 A f4tte Aotk ol A
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Ol

& Z8, d¥t DNA polymerases] oA LAZE AN L 44

Ak =3 templated] F 7o annealing® primeres A4 5-Tr &
template @Y 7159 F2FH =& OS2 annealing® polymerization& =7}
A53te B¢ o 29 annealingdHlE X 5 on L& oz g
AS HZ+E= Tag polymerased] 23] binding@d #Eo] Erle Aol A
Ao 2 template DNAZRGA A3 primers AAl9 5-Zg Zd&
template B 75| gi7ldl I F2F =& 2 T fits FHolth o

22} PCRyH-g-9] AL-§ primers} 24 12ln ¥h§ 24L& o3 grh

* Mutant hprt gened] £Z-& 913 2x PCR(Nested PCR).

ZAAE/ Y T 00 #1  HFET:

1% PCR product 01 gzl -

Primer 1.(RT-A, 20 M) 1 pl 02 «M
Primer 2.(RT-B, 20 x#M) 1 ul 02 M
dNTP ( 2.5 mM each) 12 ul 0.3mM (each)
10x PCR buffer(w/o Mg) 10 gl Ix
MgClz, 25mM. 6 ul 1.5 mM
Tag polymerase (5 U/ u1) : 05 pl 2.5 pg/100ul
22 FR/T 694 pl -

* uh-g 2T 9} AJZES 94°C, 60x; 50°C, 60%; 72°C, 120%, 253]A whiE
post-polymerization, 72°C, 108

* Primer RT-A 5-CAATAGGACTCCAGATGTT-3 (reverse, 20mer)
Primer RT-B  5-CCTGAGCAGTCAGCCCGCGC-3 (forward, 20mer)
e

* Primer RT3  5-CTGCTCCGCCACCGGCTTCC-3 (forward, 20mer)
Primer RT4 5-GATAATTTTACTGGCGATGT-3' (reverse, 20mer)
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22 PCRAYAEL 1 x TAE 1% agarose geld7] 4522 ulg A o

& U &, direct sequencing® 2 mutation®] Y X9t FF= el

T3 7147 A8 Primere tg3 2t

Primer 3 (+): 5- CIG CTC CGC CAC CGG CIT CC -3 20-MER
Primer 4 (-) 5- G ATA ATT TTA CIG GCG ATG T 20-MER
Primer B (+) 5- CCT GAG CAG TCA GCC CGC GC 20-MER
Primer A () 5- CA ATA GGA CIC CAG ATG TTT  20-MER

2. A719 %5 23 9 2 Mutant DNA-fragment?] 3],

RT-PCRe] AAHE (2% PCR A4 E)S IxTAE, 1% agarose gelo] A
719 %53t PCR BAE9 A B deletion-mutantd S &R13tYT} ol
I T}29 Sequencing®h3-& $¥ AF PCR-Primerd] AAHE st 431
Hoh AAAH PCRAAFE(YF 650 base)d} deletion-mutant®] DNA band&
& Gene Clean Kit 1T (Bio 101 APE Al&3l] 3 43lQ(T. o] HHL HY
o]l A ZRpe] A Al whel =38t T3 PCR-sequencing®] templateZ A}
gt

10. Mutant hprt gene®] DNA-sequencing

349 7z} PCR product= DNA-sequencing®.2 AA H7|M L= o &
EdHold YJAES FUSHUT. Sequencing¥h-3--2 Perkin elmerAle] ABI
PRISM Dye terminatorE A3t cycle sequencing® 2 31319 o1, 96°C,
102 denaturation, 50°C, 5% renaturation, 60°C, 4% polymerization, 253} 3
o2 9ch AA ¥kg-9 $A= Tag-polymeraseE IF7He e oA 96°C,
302 9] pre- denaturationg 433}, 253 A2 B Hl8-& £33l F 73}

Atk AH&® Thermocyclers Perkin Elmer 96007} EricombAle] AL Alg
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FRaL, ¥h8-9 24 thg3 ol gt

ol

Reaction premix 80 ul

PCR product(10-30 ng/ u1) 36 ul

Primer A X+ B 3.2 pmole (21.1 ng)
D.W. -

Total volume of reaction 20 «l

AH8-€ sequencing primere] Q7|49 T gl
Primer B (+) 5- CCT GAG CAG TCA GCC CGC GC 20-MER
Primer A {-) 5- CA ATA GGA CTC CAG ATG TIT 20-MER

A3 F Sequencing product= promegaAile] cat# C-1281 Spin Column C
2 A}g3te] #FFo] JNTP, dANTPE A ASHLH speed Vace & AZA]
A loadingd7tA] H#SIFTE  Automatic Sequencer= ABIA}IS] Cycle

Sequencer Model ABI 3738 Al-&3t] rixgE& ZAsH T

A2d d+2% £ uF
1. Hol&H &9 &Y:
7} A EEAT] (flow cytometry)

AutA oz PAML HEY TGFF BRSO

o,
=2
lo
o
12
L
Lo

=2 MEoe] receptorst BHo] Ytt mwalr CDEZE BUFAES o]&
& 7% thymocyter} Iymphocytes?] ®¥e] Fx& Z &A%Y 4 stk 2

#7AAF9] 6-thioguanine Ao 28 mutant celle] A8 @ Ay} Ko]sk
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~P

CD3-FITC

(normal)14.6/76.6

128
vy
-
~

- P

1088
€B3-FITC

(100 rad)8.2/86.6

18 1. AR ZAH100 rad, 32 hours, FYZE8A: CD4/CD3)F 3 F 3 of
AX FFAEZEA.

Fig. 1. Flow-cytometric analysis of irradiated(rat, 100 rad, 32 hours, monoclonal
antibody: CD4/CD3) rat blood cells. '
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35 || —¢—Radiation
-
& 30 || —#—PCP N PCP R
E —a— Normal
25
5
T 20
£
gn 15 |

10 |
&

5t

0

0 6 12 24
Time(hour)

9 2A. WAMA(100rad)# PCP(15ppm) AL &3t 4| £ DNA HEEA
Y 2B. DNA AG&# A2l agarose geld 7|9 5. N, JAAE; PCP, PCPE A3
3 A E; R, A ZAME A E.

Fig. 2A. Percentage of DNA fragmentation in normal, irradiated (100 rad) and
PCP(15 ppm)-treated cells.

Fig. 2B. Agarose gel electrophoresis of DNA fragmentation. N, normal cells;
PCP,PCP-treated cells; R, radiation-exposed cells.

- 27—



1}. DNA A @3dAHDNA fragmentation)

HALY HZ9 A T-JHFFHEANME A EAL (programmed cell
death) dXio] <dojutAl Hedl ol @A HEHY AHezE
endonuclease®] T3l HGEo|t} o3 AAHAAL 38 whyes
Aol 7ttt AP AVt A3 IH FAEALER Fde oHF
AZAL @& frdste AT 232 &2 ol YA AT ditEH
B4 g HolE B F U FAFH AREHE & F vk WA
= gy gditd o2 PCPo| 93 DNA fragmentationdAL doju}x] ¢
3 A thFigure 2).

t}. T-cell clonal assay
HALY HE 2 37 SAHEA U3 AFH AR ofyE FAA
AR} 753 hprt- AR T-cell clonal assay® #33 =4 Hrpwygoz
AFRS 93t FEEAT EA 89 T BAS] A% ez A
EE-d h3 biomarkerg o]&
stEle Add =dHY oln o7 FAHEA digte 2 JsAe A R
& #v e, T3 Z 9 polymerase chain reaction 7|He WEL o

" T-cell clonal assay= HWAlA o 37

T-cell clonal assayE & @A LAAI7Ie] 874 Fddo|del izt HA4H
A1 9l mutational spectrum-g AT 2A A3yt dHE T gt 13
e 23 AXEAHAERE YRR AddZ2F4Y HgAHA fHdF8 =
Aaag 93t 2-35 9] subcultureE A& sldok 3o}

2. kAL ZAFY 9] 3 Human cell @ HL60 cell lineo] W&-&
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Prime culturesA9] 7 -irradiation® Co®y-A9& &3} (1.53
rads/sec), 11 HFZAIo| 0, 20, 50, 100, 200, 300 rady} =A 3F9ch
Human bcell-% AL AL 3649 FZEAAAAN A AXE Easly
AF&-3191.2 ™, clonal efficiency:s 35.6 %, Mutant fraction& 2.77 x 10%¢. 2
22459tk Human in vitro Ao A survival counting®] ZA#AE HW 5
-irradiation& 200 rado]iddlA ZE3 NEEA g FASAHSE Jegds B

At 2, 7- radiationdZE & prime culture 32 HE A XF HA}

¥

0 radolAl ok 49%9] YZEL-L, 20 rad oA 100 rad7bAE control@ H]

fr

238k 41-51%9] AE2ELS Vel e, 200 radilME 23% A=, =3 300 rad
ANE 11% ©l3te A2 LS BATH (F 1). PCPAHE Y gsM=E 4o
HE AEAZE] 343 AMHE AL ¥ 4 YA WA 100 ppme]
A= CE¢} MFE #3% 5 gl

e AEES FAE 14 WY (prime culture)ol ] ATED] A9l A
ojui}x] PEtiE AlAd H|FEo] B w(ONeill ef al, 1987) ©A 7-
irradiationdl] &% EHEHAE WYsls A2 AAHY, ol AZEY F
22L& w93l Clonal Efficiency(CE)d#8dlA BTt SH3HA et &,
Survival countingellA] Vel 47+g 8F-9kg FAE F M Fexd O E
clonal efficiency(CE)slA TS 4% {ZF-S@AE Heolm lod,
Controld] A 0350 - 036022 uyEld CEx 200 radoldd] nFZdAs
0.1400]3t2 A& ZALsIA™ (R 1).

&3 Human cell lineg ©]43 7tW& Clonal assaydlge] g $)

12 Agoz, 7udd AL 9& cell lined] MEE-L ZAIET (X 2).
A71A BEEL A ZAL F xR AEE AxsER FHEAC
A48 AL 1,000 rad 74A o|m, AFo] Zrhgtel wel HA A= n]
A AxF=Ed Z2E BRIt 28y o)t AFR ¥d € A=
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¥ 1. 7 A3} pentachlorophenolo] # 28 Al T-celle] =83 clonal

efficiency(CE)

Table 1. Survival countings and Clonal Efficiency(CE) of human T-cell

exposed to 7 -radiation and pentachlorophenol

Quantity of irradiation % Survival CE
0 rad(0 ppm) 49(52) % 0.355(0.379)
20 rad(10ppm) 51(47) % 0.388(0.358)
50 rad(15ppm) 48(48) % 0.339(0.310)
100 rad(25ppm) 41(47) % 0.274(0.161)
200 rad(50ppm) 23(39) % 0.142(0.062)
300 rad(100ppm) 1109) % 0.089(N.D)

* Radiation-source in experiment was Co¥.
* % was calculated by total number of cells before cultibation x 100 /
total number of cells after cultibation.

* Cell concentration of culture: prime culture (1x10° cells/ml).
Each volume of prime cultures was (5.18ml, each).

* CE (Clonal Efficiency) = -In P, / N ; Pp = P(0)= Number of negative

wells/total number of wells ; N = number of cells per well.

* Each CE was calculated from data determined by 1,25 cells/well
(No irradiation), 2,10,50 cells/ml (irradiation) with 1x10"* gamma

irradiated 36x4 cells per well under nonselection conditions.
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E 2. y A ZAb] 93 HL-60 human cell lineo] =%
Table 2. Survival countings of HL-60 human cell line exposed to
y -radiation

Quantity un-irradiated cell concentration

of irradiation 2.8x10%/ml 2.48x10%/ml
0 rad - 2.8x10°/ml 2.48x10°/ml
100 rad 2.8x10°/ml 2.46x10°/ml
200 rad 24x10°/ml nd.
250' rad n.d. 2.28x10°/ml
300 rad 2.0x10%/ml nd.
400 rad 2.0x10°/ml nd.
500 rad nd. 2,00x10%/ ml
1000rad n.d. 2.30x10%/ml

* n.d.; not determined

* Radiation-source in experiment was Co®.

-31-



AR =, T-cell clonal assay?] prime culturesh= 2] ©h7|u) @847t o
WM = AZEL] 7Hedt7ldl A% A=E GAsrlde HEdx e
Aoz HAF AT

HL-60 human cell lineg ©]-83 clonal assay9] 7oA 23t BAL
A% HA wWFAITS AGATHE 3). #Ariido] ZAE HL-60 cellg i
Stz Z+zh 749, 144, 214, 28¥d Ewm A F IS F3A positive/negative
wells BF3ATH HA #AE 7|52 Fo BHE 7157 "o,
AA welld] 4338 24 APTHAIA FU3A APHATh Prpddo] =
A AEEL dZFd B8t Ao FTotyd wet 4ol =#Ael F
A3 BREAJLH, ol FANEH AXTFY Hid g Aoz ARH
t}. 500 rad7tX|e] AFo 2 ZALE HL-60 AXEL 33(21Y)d o228 o
ZT Mx9 FYE cell massE 715313, 1000 rad®] ALE &2 A
EEL 45(28%)¢] Holx positive well2 AT Fo] HF glo] 100%
AZAEE FAFHAT A fEF7R ZA iR 3PS FPX oMYA
on, o2 AT AL F 10° cells/well (++H)A FAHQATh o] AH
©2 HL-60 cell& o] €3 clonal assay: 33(21¥)9] w71 7+S AXor &
o] A=At

hprt negative cloneg A3l71918 FA 6-thioguanine(6-TG)e] =& 7
AT (E 4). 2T HEte] AE 43L& 5 M9 6-thioguanined]
A7MAME a3 Asf=ed, ol Q8 hprt negatived] §HFL 7
36x4 cell linedl A= itelt, 6-thioguanine®] AX dFAs7F f-AE54d
71908 Aol oldo] #FFHAT 6-thioguanined] 23 4FAsE BT
0uM o]) AETAAM BHo F¥agien, 457(28U)9 FRGME tix
T HEte HlmE H2 AXFFE REAY a8y, 10pM o)t
6-thioguanine F7}FE9] 3F(21Y)F B2 ZAAE wellF A XY Zo] tf
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E 3. r A ZAMF A7t wt2 HL-60 human cell lines] Y&
Table 3. Results from survival plating of HL-60 human cell line exposed
to 7y -radiation

Quantity Nr. of Days of estimation

of irradiation well 7 14 21 28
0 rad , 288 - ++ ++ ++
100 rad 288 - ++ ++ ++
200 rad 96 - + ++ ++
250 rad 192 - + ++ ++
300 rad 96 - + ++ ++
400 rad 96 - +/- ++ ++
500 rad 192 - +/-  +F ++
1000rad 192 - - - -

* Radiation-source in experiment was Co®.

* Survival plating was cultured with 1x10%cells/well in standard medium
without 6-TG.

* Rate of cell growth in each well were different by means of quantity of
gamma irradiation. Symbol, ++, +, +/-, - and -- were indicated as results
of cell condition and mass by microscopic observation on 7, 14, 21 and 28
days after y -irradiation.
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¥ 4. 36 x 4 human cell lines| A hprt-negative clones& 7}d FAAE
7] 93k 6-thioguanine?d] HZFx

Table 4. Optimal concentration of 6-thioguanine for the selection of
hprt-negative clones in 36x4 human cell line

Concentration Nr. of Days of estimation

of 6-thioguanine well 7 14 21 28
0 uM 96 - + ++ ++
5 uM 9 - - ++ ++
10.M 96 - - ++ ++
20u4M 96 - - + +
30uM 96 - - + +
40 M 96 - - + +

* Cells was cultured in standard condition with 1x10%cells/well with 6-TG.

* Rate of cell growth in each well were different by means of concentration

of 6-thioguanine(6-TG). Symbol, ++, +, +/-, - and -- were indicated as results
of cell condition and mass by microscopic observation on 7, 14, 21 and 28 days

after plating.
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ZT3 zol7t fle AL UEsrld, £ d¥A 18tz e cell line
& ©]&3 clonal assay®] hprt negative clone®] Ae] ¥ EA7} 9L AL
2 o &3l glvh. HL-60 cell line (hprt positive)o] thet SU3 AFHA 5
pMo]2Fel 6-thioguanine®] H7Ie F 480 well EFoA Ay F 13Y F
A3 A ZAMESY &3y FEEFG.

Cell lineo]l 2]+ clonal assay®] 7§ cell line®] ¥-& clonal efficiency
o 9% AR FAFLHIPEYE ZIdste Folth HL-60 cell (hprt
positive) 9] ¥l¥ F 6-thioguanine Hr}= vj-$- '3‘]% AWM o] hprt negative
cell g IFAA Adstmzl dtl= HAe=Z, HL-60 cellzdt 36x4 cell (hprt
negative) & 6-thioguanineS 7}, FWIYgdt 36x4 cell®] clonal
efficiency(CE)& ZAst¥th (& 5). FWFS HL60 1 x 10* cells/well 7
36x4 cell Ztzt 1/well, 2/well, 5/well, 10/well-& I3t PP, 9]
= 8 pM¢ 6-thioguanine2 713+ A&u]g F positive/negative 3 -2
stath Ade AR 100%9 7H7hE CEE vehlilen, okgs & Al
X == A3 feeder cell2 ARg-o] Jtsdro] FHEC

3. AME9 hpriF AR A AR B pentachlorophenol ZAld] &3 in
vitro hprt gene mutation (human in vitro)

Mutation fractionMf)= -In Po & welld FoiR A EXFZ o] & A
olH, o]F CEEZ HA3 A& Mutant Frequency(MF)Z #3}l% tHO Neill et
al1990). o]= 6-thioguanine AFE-3tS] hprt-negativedl MEZ positive
selectiondt A S & concanavalin A 59 X}=Fd] wat MEEGD-S AL3EHA
3te] cloned WAIHA SHATHAIbertini ef al, 1985). AWrFH o 2 62 o]TR
Bl hprt-positive]l MEEo] F53] HEHIA HE B F U3, o2

hprt-negative?l A XE9] EE= AXIHEYE B0 44 FFY & ANth
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E 5 7 A A 943 AR T-lymphocytese] mutant frequency &3
Table 5. Measurement of mutant frequency determined in experiments
of human T-lymphocytes exposed to 7 -radiation

Quantity Mutant Clonal Mutant

of irradiation fraction Efficiency Frequency
0 rad 2.61x10° 0.355 7.35x10°
25 rad 2.87x10° 0.388 7.38x10°
50 rad 2.67x10°® 0.339 7.87x10°®
100 rad 2.68x10° 0.271 9.89x10°
260 rad 5.01x10° 0.142 35.3x10°
300 rad 4.87x10° 0.089 54.7x10°
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BHE 6dol B#Ed Edsls AxY Fu e wlY 109 olFdE cloned ¥
B2 #ZAFUIL positive well2 B3I HATE o1 plateE #a3dlE o )
o] round bottom 96 well-plate’} flat bottom ¥ ﬁﬂ o9 ZHHE G oo
positive/negative T-go] MU} ABFHE Aol YA A4 =
pentachlorophenol ZA}e] €3¢t human in vitro hprt mutant frequency(MF)
= 1x prime culture, 2, 3% subculture, 43 EdHo] AEHujE
(Thioguanine-plate) 9] #A-8& F3F mutant fraction(Mf)e] A4k 8 CEgkell
4% HPew TR

o] A= & F4AYH AL A% CESFo] ¢vd §F-NSH{AE =
Qul wha) AT FFH xfols} WHEY Holg UehineH, Fukd =
AbgEe] Z7}o) tisted, Hlnd FE3| F71EE mutant frequency’t 3
o], AAHeoz FAF FFULAAE YT (X 5). F, 100 rad ©]3}9]
A ZAF A4 doAME @ &5HsE Mutant Frequency®] F71& e
Th7l 200 rad o]l I ZANEF A dAMe FATA B 5H) ol FEHE
HA3% MF 715 Eeolz k. A A9 025 Gy7tA, PCPY 73-¢
20 ppm7tA A =g, clonal efficiency B]*AlA = PCPe] 73¢9} Aust
ol Holn A edth 05 Gy oA s WA 79
Z7vet7] AFERen, PCPY A< 15 ppmAEE EdWolg&o] F713t
7] AEstR™. PCPol 7% 25 ppmolide] AHPoMs AESE 9 clonal
efficiency7} §238] dojxx J=d ol PCPe AXEAHES el A=

22 AlgEHH, 100 ppmolA e EdHo| & Wty THFE wig Ay}
oA &3 3t FAE HIAF (HH) 2 s (PCPAAM FAte
Eddol g W3lE 2z 2 background4&3 BlZ¥ o 750% 9} 500%
o] F7IEE BEIAHE 5, 6).

B 24g9 FZ3=H human blood lymphocyted] wjFellA] Zulbdz
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F 6. Pentachlorophenol(PCP) A}l 9]3t Al T-lymphocytes] mutant
frequency &%

Table 6. Measurement of mutant frequency determined in experiments
of human T-lymphocytes exposed to pentachlorophenol

Quantity - Mutant Clonal Mutant

of PCP fraction Efficiency Frequency
0 ppm 3,06x10° 0.379 8.04x10°®
10 ppm 2.91x10° 0.358 8.13x10°°
15 ppm 2.78x10°° 0.310 9.24x10°
25 ppm 2.38x10° 0.161 14.78x10°°
50 ppm 2.59x10°® 0.062 41.77x10°
100 ppm N.D. N.D N.D.

* Radiation-source in experiment was Co®.
* % was calculated by total number of cells before cultivation x 100 /
total number of cells after cultivation.
* Cell concentration of culture: prime culture (1x10° cells/ml).
Each volume of prime cultures was (5.18ml, each).
* CE (Clonal Efficiency) = -In P, / N ; Py = P(0)= Number of negative
wells / total number of wells ; N = number of cells per well.
* Each CE was calculated from data determined by 1,2,5 cells/well
(No irradiation),
2,10,50 cells/ml (irradiation) with 1x10* y - irradiated 36x4 cells per
well under nonselection conditions.
* Mutant Frequency (MF) = Mf/CE = Mutant fraction / Clonal efficiency ;
Mutant fraction (Mf)= (- In Py in thioguanine-plates) / (1 x 10* cells/well)
* 1 x 10" mononuclear cells/well used for 6-TG selective conditions(l g/ ml
of medium) with 1 x 10" 7 -irradiated 36x4 cells per well.
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Atell th g mutant fraction, Mutant Frequency¢] linear regression equation
< O&% ol AXET. Mutant fracton = [ 00072 x (rad of
irradiation) + 25923 ] x 10°, Mutant Frequency = [ 01688 x (rad of
irradiation) + 1.4167 | x 10°. =3}, 479} linear regression equatione] T
¥+ correlation coefficient (r)-& mutant fractiono]] thdle= 0.72592, Mutant
Frequency©ll thslal= 095422 A4Fs o] Mutant Frequency7} ®H.th | AA¢
o) A#BA G 7M7hE A2 UEsith o]l Clonal Efficiency (CE)ZA
Mutant fractiong X335l Mutant Frequency2 EA3l= Ao Wt} HF
2 ohA BelZ Aoz AT

B 24230 7 Eddold g3t 28 5 vk WA LA 3
Zo] Ao A3d wala] olad ale maEstdot Bt} ol Y
Qg FHL WA Ao BAo] HAY A AR Az Y F
= L AH R st o)l BHEAH Y] HEHAL H
Aol HI= W39 additiveEF7} vebdth e B dF
AMe HAMAZ &3 YA Bo] HE2E 4 e PCPE UAALE prt
AREdWold EFARS AFHAYT DI BAAF TFH T
PCP (15, 25ppm)E A Ho 2R Edmo|golA FAASAEst ojw G
aolE Reoln QEA ARGt Ty dA33AYE RAIie ©EA
synergistic (additive) &8 HolX QA= &skth & G Al 3¢9}
hort AR EddolgdN F94 SIE HolE Holx &m Yoy 3).
olgjg AL ot e HHsA 49 & govt @ PCPY AU 9

o
T

30,
rr
»
2
mln 2
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7.00E-0S
——R
6.00E-0S % R+15ppm
—f— R+25ppm
5.00E-05
g
g 400805
8
= 3.00E05
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8
5 200805
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0.00E+00 | ! | | !
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a9 3. AtZ T-lymphocyte® y AR)F pentachlorophenol(15ppm¥} 25ppm)-&
ZAd] AEZANZ F AR hprt § A A9] mutation frequencies.
Fig. 3. Mutation frequencies of human hprt gene following 7 -irradiation(R)

with pentachlorophenol(15 ppm and 25ppm) in human T-lymphocyte.
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Al metabolism®} 1 TiAREE G o G2 nHHA ¢S Aoz AlmdH
o w27 dxe dye olHd fAtES

nstool & AL 2 A" @ PCPY F&Z % phenol7|7} #ARA
dr A4 H radicalsE AF FFols AFHE AR = Qe F 9 7
AH A37F Bast

fl

Al
~

5. RT-PCRe] ¢}3t SdHolF

Hm

0]

WA (300 rad)® PCP(25ppm) HZo 3] F=€ hprt o] &4
A fF¥e BAE st AFY T-AGTAEed HArhdg zAkEIR
6-thioguanined] &% hprt cellE Ae3led g cloned ZAui¥ 3Tt

0% 724749 cellE #38le RT-PCRE 43 A7|9%5% 27 ohed g
#¥e Eddolst e Aoz Atzath2d 4 5).

BAAAA hprt AR RT-PCR products 660bpA=olth 21} Hha}

I

A Z 9} BgdlE RT-PCR 4HEo] BE0iAA o 397t BA sed o
H 4L F2 IdEGAC FAH FESE WHHTDA A messenger
RNA7L THEolAA] ¢fe ZA4E F28 & U2 T 5 98 2L 3 2
o] Edo] HAL Ao2 FAHHATG, 6, 8, 10 lane).

RT-PCR AtE-0o| control®} Hlw3sled AAA products: AAstE A7t
At olEd BT 9ol A £33 B £ e hprt 3219
dE7} H(poin)EdH o7t =Hol F4A oluxibg HIFAIE Ffolth
A HFAELE B8 hprtEAE AASHA B2 4, 7, 9, 11 lane).

RT-PCR & FdEt ZF Fold productrt AARHEH ol8d ALE
F2 hprt FARY AR ZAHQAY splicing Y FolA HThA o]
dojute Aog FAs T UTH5, 12 lane)

dq APAAE PCPA oste] HAEHUL ASE WA LN

M,

Mo

=]
T
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ag 4. v A XA F hprt FHAE RT-PCRZ FEFA]A agarose gel A7GF
BAM
- e

Fig. 4. Agarose gel elctrophoresis of RT-PCR product of hprt gene after

¥ -irradiation.
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1Y 5. PCP &AL & hprt F-AAE  RT-PCRE FZHA|H agarose gel A7|FF
4.

Fig. 5. Agarose gel elctrophoresis of RT-PCR product of hprt gene after PCP
treatment.
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lane, lane 1: A4})
PCPH Z o] A= AUAYo] BY3E A2 F55EH 10 laned) A
= A ABTH oF 30baseF T 9] deletiono] Yot}

7bh Age] HA: B dFolA HL-60 human cell lined Al8-3l] 43
< 3t AL Bz B dol=rt & A T-cell clonal assays
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Aol & AR AZ4dEn.
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