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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.

IE. Scope and Contents

Large-scale field tracer experiments have been conducted on Ulchin
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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
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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 = 1 km, and Az = 30 m. The wind field has been generated

over the domain of 15 x 20 km2 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.
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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 KAERI. 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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12:30-12:40
40 \

I

-obs.
- cal.

-HO
20

-HO
20

280 260 240 220 200 180 160 140 280 260 240 220 200 180 160 140

12:40-12:50 •obs.
• cal.

12:50-13:00 -obs.
-cal.

30

IH
-Ho
20

30 -I

-Ho \
20 H

0 - - ^BiMHH mmummm o • i
280 260 240 220 200 180 160 140 280 260 240 220 200 180 160 140

3.3 (Comparisons of simulated and

observed concentrations in B line)
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- B $i

7}v}-§: 3.^$: Bll (3,473 m)

: B32 (5,626 m)

71 ej (z}-5): 238 m (2.05.)

^ ^ ^ ^ I ^ : 197.0. ~ 273.3S

- C S^^d

: COl (6,380 m)

: C19 (10,524 m)

71 e) (zJ-5): 239 m (2.05)

: 205.8 ~ 263.0S

1998\1

- 9:45 ^ftfl-g- 7l^-^r#^-yl (NOVA)

- 9:50

- 10:39 ^ ^ > o # ^ ^

- 11:30 wo># A] 4 (wo>#-^ 30 kg/hrs)

- 13:30

- 14:30

°H ^^^>^€^ €4^1-^4: 71̂ -̂ - 58 m

30 kgAS. -£3

^ 69.35 kgo] i

23.12 kgol y j -#^

10 m, 30 m, 58 m ^ 37fl

- 2 5 -



£ 5-f! 15<U 10A] 3 0 ^ 3 12A1

^ ^ 1 # ^ ^ - ^ ^ 7]$ TM 243027, 246321,

58 m S is\jL S.A> ^ ^ ^ - H J - # ^ # 7 ]$^ .S ^ 1 km, ^ » 11 km,

8 km, 43 t 4 kmol] s f l ^ } ^ ^ ^ S 12 km x 12 km x 900 m ( £ 3 )

^ ^ ^ » t ^ ^ l ^^>^r^ 120 x 120 x 907flS. ^^} ^ > ^ ^ ^sg 100 m

x 100 m, <S^ 10

Monin-Obukhov length (L)-H Randerson[3.1]^l

(3.1)

^ fll= 0.00435, a2= 0.00372, 6X= 0.503, b2
= 0.231, ^3= 0.0325^1 JL

5 fe Pasquill-Gifford tfl7l^>^£ ^-^-^ ^^>S. S.^^: ^ A ^ A ^ -3, B

^ -2, C ^ -1, D ^ 0, E ^ 1, F ^ 2̂ 1 &•

) ^ log-linear pofile[3.2]#

^ von Karman constants

- 2 6 -



it 3.2 (Coordinate of sampling points)

A01

A02

A03

A04

A05

A06

A07

A08

A09

A10

A l l

A12

A13

A14

A15

A16

A17

A18

A19

B01

B02

B03

x- 2J-S.

-786

-907

-1,058

-1,180

-1,302

-1,409

-1,485

-1,518

-1,503

-1,520

-1,597

-1,607

-1,664

-1,730

-1,788

-1,856

-1,903

-1,963

-2,030

-1,284

-1,427

-1,564

y- ^S.

-1,022

-988

-949

-922

-842

-731

-620

-488

-339

-179

-34

75

196

324

450

570

712

844

980

-4,194

-4,065

-3,927

^3(r)

1,290

1,341

1,421

1,497

1,551

1,587

1,610

1,594

1,540

1,531

1,597

1,609

1,676

1,760

1,844

1,941

2,032

2,137

2,254

4,387

4,308

4,227

217.6

222.6

228.1

232.0

237.1

242.6

247.3

252.2

257.3

263.3

268.8

272.7

276.7

280.6

284.1

287.1

290.5

293.3

295.8

197.0

199.3

201.7

- 2 7 -



S. 3.2 7}] ^r (Continued)

B04

B05

B06

B07

B08

B09

BIO

Bl l

B12

B13

B14

B15

B16

B17

B18

B19

B20

B21

B22

B23

B24

B25

x- Q3.

-1,710

-1,817

-1,912

-1,960

-2,028

-2,106

-2,171

-2,313

-2,460

-2,616

-2,827

-2,986

-3,152

-3,349

-3,532

-3,701

-3,902

-4,114

-4,279

-4,420

-4,540

-4,652

y- $3.

-3,781

-3,640

-3,501

-3,288

-3,119

-2,928

-2,775

-2,591

-2,488

-2,437

-2,376

-2,326

-2,274

-2,210

-2,158

-2,210

-2,269

-2,284

-2,392

-2,312

-2,190

-2,054

4,150

4,069

3,989

3,828

3,720

3,607

3,524

3,473

3,499

3,575

3,693

3,785

3,887

4,013

4,139

4,310

4,514

4,706

4,902

4,988

5,041

5,085

204.3

206.5

208.6

210.8

213.0

215.7

218.0

221.7

224.7

227.0

230.0

232.1

234.2

236.6

238.6

239.2

239.8

241.0

240.8

242.4

244.3

246.2

- 2 8 -



3.2 (Continued)

B26

B27

B28

B29

B30

B31

B32

B33

B34

B35

B36

B37

B38

B39

B40

C01

C02

C03

C04

C05

C06

C07

x- $-g.

-4,760

-4,965

-5,095

-5,227

-5,364

-5,426

-5,494

-5,445

-5,421

-5,407

-5,374

-5,391

-5,423

-5,498

-5,566

-2,780

-3,165

-3,724

-3,924

-4,074

-4,404

-4,779

y- 3|-5.

-1,896

-1,890

-1,853

-1,761

-1,563

-1,424

-1,211

-1,005

-871

-696

-491

-284

-100

95

324

-5,742

-5,655

-5,598

-5,490

-5,408

-5,216

-5,078

5,124

5,313

5,422

5,516

5,587

5,610

5,626

5,537

5,491

5,452

5,396

5,399

5,424

5,499

5,575

6,380

6,481

6,723

6,748

6,771

6,826

6,974

248.3

249.2

250.0

251.4

253.7

255.3

257.6

259.5

260.9

262.7

264.8

267.0

268.9

271.0

273.3

205.8

209.2

213.6

215.6

217.0

220.2

223.3

- 2 9 -



3.2 Tfl # (Continued)

C08

C09

CIO

C l l

C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

C22

C23

C24

C25

, C26

C27

C28

C29

C30

x- ^-S.

-6,037

-6,577

-6,745

-7,231

-8,111

-8,392

-8,786

-9,260

-9,280

-9,270

-9,374

-9,633

-9,637

-9,541

-9,619

-9,502

-9,741

-9,638

-9,479

-9,340

-9,547

-9,655

-9,884

y- z^K

-5,835

-5,899

-5,548

-5,334

-5,062

-5,054

-5,097

-5,177

-4,962

-4,619

-4,408

-4,237

-3,739

-3,291

-3,111

-2,965

-2,566

-2,365

-2,192

-1,962

-1,816

-1,566

-1,209

8,396

8,835

8,734

8,985

9,561

9,797

10,157

10,609

10,523

10,357

10,359

10,524

10,337

10,092

10,109

9,954

10,073

9,924

9,729

9,544

9,718

9,781

9,958

226.0

228.1

230.6

233.6

238.0

238.9

239.9

240.8

241.9

243.5

244.8

246.3

248.8

251.0

252.1

252.7

255.2

256.2

257.0

258.1

259.2

260.8

263.0

- 3 0 -



350-400m

400* 450n»

3.4

(Wolsung NPP field experiment target area and sampling
points)
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y
" > Ih/sec
H t 0- 50m
^ B so-loom
^ B 100-150m

H 200 -250m
H 250-30011).
H 300--350m

H 400-450m
H 450-500m-
•..460-'500m
H 500-550m
H 550-»00m
B 800-850m

3 ^ 3.5
(Meteorological measurement points)
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(surface roughness)o]II, <pm(z/L)£r -T-*}TS wind shears.

(3.3)

<fim(z/L) = 21n-1y i L+ln X^x -2atan(x) + j (3.4)

, x =

= 0 (3.5)

( 3 ' 6 )

C/,

U = G [ 1 - e " r^cos ( y ^ ) ] (3.7)

"F = G [e ~7EZsin(yEz)] (3.8)

/ : Coriolis parameter

Km: eddy viscosity

- 3 3 -



12 km x 12 km, ^ 3 990

o.1 11 km, 4 ^ . S 8 r 31 x 31

- 3-*}

1/5, B

, C

200 m

^ S . B, C
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1H
*>

13:30-13:40 J

.—.—th-w'

—m— Obs.
. . . . . . .Cal .

13:40- 13:50 I

4.

—•—Obs.

• • • » - • * " • • » • • » < • •

240 260 280 300

200 220 280 300 200 220 240 260 280 300

3.6 S ^ s l ^ £ ^ 5 5 ] - S . 4 ^ 4 (Comparisons of simulated and
observed concentrations in A line)

- 3 5 -



E
~5 1.5

*>

13:30-13:40

3.7 (Comparisons of simulated and
observed concentrations in B line)
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13:40-13:50 — • — Obs.
. . . . . . -CaL

*

;*, *

'•*' '•

t

t

1.5 —

300 200 260 280

2.5

14.00-14:10

t

i

—I—Obs.

• • • • • - . C a l .

_._•

VI
0.5

E
"a is

14:10-14:20 —•—Obs.

. . . . . . .Ca l .

• *•

14:20- 14:30 _»_obs.
- . . • - . .Ca l .

• i

t

4 •

i;; •
1 m. m. • • » • t i i i • • - ^

1.5

200 220 240 260 280 300
200 220 240 260 280 300

3.8 i ^ € ^ £ ^ - S ^ 2 . 4 ^ 4 (Comparisons of simulated and
observed concentrations in C line)

-37



1.

7}. 7 U H

1994^ ?

3.9<ifl (202.5°-337.5°)^

«>

-^^ 4-

< * ! ! • 14.2%, 10.1% ^ 20.2%

}. £ 3.3^ sfl^4

53.1%, -%%•£: 44.3%o]c|-.

3.7}

3.1 m/sec, ^f-^ 2.2
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m/sec,

2.7%

2.9 m/sec, 7^-^^L 3.6 m/secS.

2.6%, <*!#*? 6.2%, 7M-3J 0.7%,

12.7-

12.2 °C, 12.7

3.0

10 -8- -13.3 °C,

^ 38.3

o_V7|| ^

69 %, 4

100 % ^ S

^ 1,103.0

-^ 599.

- ^ 42.3

sjrfl

200.4

Cf. pfl

7J"S.6fl 4*fl , wind shear,

- 3 9 -



3. 3.3 ^ r ^ - ^ H H ^ I ^ 1 ^ ^ Sfl-̂ -Tr JjJ-5. (%)
(Occurrence probability of sea-breeze at Ulchin nuclear site).

M.

7} -i:

A &

(SSE-WNW)

57.5

55.0

46.3

54.0

53.1

(NW-SE)

40.1

38.9

53.1

45.2

44.3

2.6

6.2

0.7

0.9

2.7

- 4 0 -



SPRING SUMMER

ANNUAL

AUTUMN WINTER

0 2 * 6 8 10«

SCALE

3.9
(Yearly and seasonal wind roses at Ulchin nuclear site).
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- (9.8 °C

/km)# trj-^-4. ^ 7 ) 4 ^ ] a ^ >̂°1̂ 1 S.

^ tfl7l

^ pfl

h = - ^ - , ^ ^ ^ 1 3-f (3.9)

h = Cs^ -J^rL , <£W ^-f (3.10)
V /

h\t) = h\0)+ ^l + 2A"> [tH(°'T) dr ,^-91^ ^-f(3.11)

L : Monin-Ob ukho v

\~S yi • O "CI O I V t>-'**~l

- 4 2 -



3. 3.4
(Occurrence probability of atmospheric stability classes at Ulchin

nuclear site)

A : ufl-r- ^ - ^ ^

B : -ir*?!^

C : «-R> ^

D : ^

E : ^ ^ > <$>^

F : °y7§

20.2

15.5

20.7

22.2

12.2

2.4

5.1

23.4

14.5

19.9

24.2

12.7

1.4

1.2

16.7

12.7

22.8

27.4

17.0

1.5

1.7

%)

13.9

16.3

27.5

32.2

9.7

0.1

0.0

18.7

14.8

22.7

26.4

12.8

1.4

2.1

(m/sec)

2.4

3.0

3.5

3.3

2.3

2.3

1.6

- 4 3 -



Cs : (=0.4)

A : -B-SJ1-

r :

H(0,r) :

p :

S 3.5^1 T-M^EJ-. l i uf-E]-̂  H>S8f ^-o]

2,137 mol^ J ^ ^ 8 ^ ^ 717 m S

8^<^ 129 moH 5 | ^ ^ 1 ^ 5-i^ 348

^ - ^ i 1,975 molt*] ^s.^o]] 1400 m S

37° 05' 24" N, f-^ 129° 23' 04

16 km v ) H ^

16 km

# a 3.6*11

^ 200 m
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3.5

(Mixing heights

(m)

(m)

(m)

(m)

3

1,98
6

218

4

2,13
7

296

measured

5

1,80
1

348

1,975

287

6

1,24
0

270

at Ulchin

7

1,34
4

298

8

717

129

1,100

232

nuclear site)

9

1,16
0

181

10

1,56
9

139

11

1,30
4

134

1,344

151

12

1,80
1

189

1

1,34
4

174

2

1,42
1

218

1,522

193
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3. 3.6 # ^ ^ 1 ^ 16km
(Natural topography within radius 16 km from Ulchin nuclear site)

$ « * !

^°1 (km)
SJL (m)
^ ^ (ha)

8.0km

25.5km

15.5km

10.0km

15.5km

23.0km

27.0km

411.7m

515.6m

998.5m

328.9m

652.9m

387.9m

lO.Oha

4.7ha

34.0ha

7] A (km)

3.8

8.0

9.5

15.5

1.4

12.9

13.8

13.3

8.0

13.5

7.3

12.8

12.8

5.2

12.0

4.7

*1

NNW

NNW

NNW

NNW

NNW

SSE

SSE

NNE

W

W

wsw

sw

ssw

w

NW

w
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16 km ojifls]

km

m)

A S . 13.5 km

411.7 m),

fe 998.5

515.6 m),

7.3 km

8.0

13.3 km

387.9

JL

(^o] 15.5 m

o] 8.0 km),

25.5 km), ^

15.5 km), ̂ -

©1 23.0 km),

27.0 km),

10.0 km)

7113

M ^ - £ . 3-8 km

^ 6 . S 8.0 km

^ s . 9.5 km

A S 12.9 km

A S 13.8 km 7]?]°\)

^ i ^ 15.5 km

7}f 7}77}°] 91

80 km

80 km

1607113

I67fl3

» S. 3.8ofl

- 4 7 -



5. 3.7 •§•*} ^ M S . - ^ ^ 80km o]ifls] 0)

(Population for administrative districts within radius 80 km from

Ulchin nuclear site)

^?

^ ^

22,649

22,649

12,246

15,245

21,084

23,100

19,018

15,896

8,195

13,407

20,325

19,436

14,297

11,159

15,009

19,609

27,814

13,407

117,871

78,044

40,127

54,927

70,198

84,700

61,725

67,252

28,390

47,628

72,900

68,824

51,724

41,743

55,008

71,905

97,799

56,478

7\?\ (km)

75

50

62

19

-

69

50

60

27

66

40

56

70

38

6

25

46

45

SW

SW

ssw
w
-
wsw
s
wsw
sw

w

NW

NW

NW

NNW

NW

WNW

NNW

WNW

- 4 8 -



8 km

8 km

>H

27fli:7}

0.8 km

8 km

27l]7>

. 394«i

7«}

36«i

. ne j j i 393W] ^ ^ ^

15 km 7H]

9 km

$]

2.

7}.

3.10^ ^r 44^

S. 3.

fe- 29.6 %, ^ - ^ - ^ 69.7

- j ^ zj-

12.8

f-€°flfe 4 4 ^ ^ ° ] 12.9 %,

16.4

25.4

4

- 4 9 -



S. 3.8 ^ ^MS-^-Ei ^ 80km ()

(Population for segments within radius 80 km from Ulchin nuclear

site)

N

NNE

NE

ENE

E

ESE

SE

SSE

S

ssw

sw

wsw

w
WN

w
NW

NNW

-*M 3.^-33 Tie] (km)

0.0-

1.6

7

4

3

3

6

9

19

28

28

28

28

28

28

28

28

23

1.6-

3.2

-

-

-

-

-

27

621

446

170

194

84

94

84

84

84

42

3.2-

4.8

-

-

-

-

-

-

1,041

1,168

1,160

922

141

140

140

140

140

114

4.8-

6.4

-

-

-

-

-

-

251

1,421

1,380

706

197

197

197

197

197

161

6.4-

8.0

-

-

-

-

-

-

-

621

769

647

295

253

253

.253

248

163

8.0-

16.0

-

-

-

-

-

-

-

591

4,453

5,330

2,548

1,597

1,618

1,686

1,931

1,272

16.0-

32.0

3

-

-

-

-

-

-

3

6,677

3,452

1,063

2,066

11,393

13,683

5,693

5,948

32.0-

48.0

-

-

-

-

-

-

-

173

12,972

6,983

5,230

7,230

43,614

40,197

8,497

46,370

48.0-

64.0

-

-

-

-

-

-

-

-

17,339

15,672

10,003

20,516

12,076

25,193

18,096

84,146

64.0-

80.0

-

-

-

-

-

-

-

-

5,881

10,876

12,316

31,467

19,943

26,542

13,560

9,179

50-



3.9
(Occurrence probability of sea-breeze at Wolsung nuclear site)

A *

A *

(NNE-SSW)

38.5

46.3

26.5

16.2

29.6

O XE

(SW~N)

61.2

52.0

79.0

83.4

69.7

0.4

2.0

0.5

0.3

0.8

- 5 1 -



SPRING

ANNUAL

AUTUMN WINTER

N

SCRLE

ZL& 3.10
(Yearly and seasonal wind roses at Wolsung nuclear site)
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3.1 m/sec, ^H-l l 2.7 m/sec, 7}-jr*l 2.7 m/sec, 7^^-^i 2.9 /

2.8 m / s e c ^ i } . ^ t f E f l f e -g-^IH 0.4%, < ^ # ^ 2.0%, 7 } ^ ! 0.5%,

^r 0.8%

10°C13.3°C

A S -12.8°C,

71%, 7%

100%

1,242.0 ^ 47.3%

448.5

313.0

. c] 10135.

1988^

^ ^ 5 ^ 12^

1991\i 2^7>4

- 3. 3.10̂ 1

7H1"

- S 3.11

f A S 44.1 %5^A ,̂

3.12^

^fi] 1,353

7^6$ 172

^tf l ,

1,943

^rfl

54 m o]

1,910 m o ] ^ 7}

- 5 3 -



3. 3.10
(Occurrence probability of atmospheric stability classes at Wolsung
nuclear site)

A : ufl-f !-SH)

B : ^-9V?§

C : *R> 1 : < ^

D : # ^

E : ^^> o>^

F : <£;$

G : nfl-f ^ ^

^ • ^ S l s . (%)

10.7

11.1

27.9

17.6

17.2

6.3

9.4

^ ^ (m/sec)

2.3

2.7

3.0

2.8

3.1

2.7

2.3

- 5 4 -



3. 3.11
(Seasonal occurrence probability of atmospheric stability classes at
Wolsung nuclear site)

i L

7} .§-

7̂  -1:

1 : ^ ^ (A - C)

52.0

32.1

50.4

61.8

49.7

# ^ (D)

14.6

23.8

19.0

13.6

17.6

# 3 (E - G)

33.5

44.1

30.5

24.6

32.9

55



-^iH 1,464 m S

3. 3.12fe ^ ^

M- M-^-^^. « £^aLSl 2 ] i « £ 5^1H 1,943

1,353 m S M-B^cK ^ i ^ ^ - a L ^ ^ ^ ^ 1 ^ 1 1 ^ 4 12^^)1 54

H 172 molcf. ^ | ^ ^ [ S . ^tfl ^ ^^-Jlfe #^ofl 1,910

1,464 m S

35° 42' 34", f̂-̂  129° 28' 34"o|nf. ̂ s ^

20 m 7}^^t^-. y-xj^^o]]

- ^ M ^ 8 km lflfl ^

1 ^^cf. ^ ^ 1 ^ ^ ^ ^ ^ 1 ^ # ^ 5. 3.134

(745 m), ^ 1 ^ (429 m), -̂Bfl̂ - (629 m)£.

^ s . T]<>\

80 km ojifl 1990\!£ ^ ^ 1 1 •y^^rlr 3

167fl' 1 ^ 4 4 IO7~$\$) -f-^^IAS. ^ ' i : ^ } ^ 1607H )̂

r5.# S 3.15^1 M-Bt-̂ cf. ^^5-tflo]!^ 126711̂ 1

4671141, 2:^t}\57 6071)12, f^^J2

- 5 6 -



3.12
(Mixing heights measured at Wolsung nuclear site)

(m)

^±- ̂ t ^
(m)

(m)

(m)

3

1,8
93

78

4

1,8

95

65

5

1,9

43

64

1,910

69

6

1,9

09

85

7

1,6

89

17

2

8

1,7

72

10

5

^ #

1,790

121

9

1,7

58

93

10

1,5

68

91

11

1,3

53

54

7\Sr

1,560

79

12

1,3

93

54

1

1,4

42

63

2

1,5

58

56

1,464

58

- 5 7 -



3.13
(Natural topography within radius 16 km from Wolsung nuclear
site)

z
15.57km

7.14km

13.18km

650m

745m

452m

32.9ha

7^5] (km)

3.7

0.6

3.7

10.0

15.0

15.0

4.2

N

SW

sw

w

WNW

ssw

WNW
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-6S-

ZT£

klbfek(fn) £-f- '(SM) frir t*A)

-g-
-1-(SUOIPB

ft 't Iblo

*£

•-tits bioui>i s"zi ^

1̂ X53

klbnr-f

Ri6Z6 '

t^ie

ui>[ 8

toHo-b Ibk
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g. 3.14 ^ 313PM ^ 80km
(Population for administrative districts within radius 80 km from
Wolsung nuclear site)

°̂<M

3 * H

682,973

30,988

141,895

318,595

33,169

25,293

33,637

48,890

52,995

60,524

106,166

3,797,566

2,228,834

7]^ (km)

23.0

24.1

26.5

37.5

39.1

40.8

55.2

56.0

67.3

67.5

76.0

80.0

80.0

* *

sw

NNW

WNW

NNW

NW

NNW

SW

WNW

wsw

w

sw

ssw

WNW

y3_ T=3_ Y£ -grl-

H

If

- 6 0 -



3.15 ^ ^ ^ l S ^ E i *>?§ 80km <>H^ ^ i £ Q^&S. 03)
(Population for segments within radius 80 km from Wolsung
nuclear site)

c o

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

sw

wsw

w
WN

W

NW

NNW

J f ^ ^ E ^ 7^ (km)

0.0-

1.6

-

63

-

-

-

-

-

-

592

197

-

-

197

132

-

-

1.6-

3.2

63

568

-

-

-

-

-

-

395

1,184

132

197

-

-

-

-

3.2-

4.8

63

276

-

-

-

-

-

-

66

1,052

132

-

-

-

789

568

4.8-

6.4

-

505

-

-

-

-

-

-

-

658

329

66

197

132

-

253

6.4-

8.0

46

459

-

-

-

-

-

-

-

-

66

197

197

329

505

253

8.0-

16.0

1,746

6,660

-

-

-

-

-

-

1,524

3,047

20,319

3,384

6,462

923

1,010

2,967

16.0-

32.0

32,843

11,632

-

-

-

-

-

-

54,638

290,29

6
357,30

9

13,040

11,518

131,33

3

25,016

68,797

32.0-

48.0

21,292

9,951

-

-

-

-

-

-

-

29,454

49,846

25,002

6,818

32,628

33,696

314,73

4

48.0-

64.0

7,457

-

-

-

-

-

-

232,77

9
360,83

5

74,949

39,060

114,52

0

22,046

23,387

64.0-

80.0

24,332

-

-

-

-

-

-

-

-

1,519,0

26
1,187,1

65

69,037

417,914

721,004

17,213

13,923
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3.7],
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o

co
••s

3

o
O

100

90

80

70

60

50

40

30

20

10

Typs of livino quarters

(1 4:

(Constitution ratio according to the type of living quarters at

Young-Kwang, Wol-sung, Ulchin nuclear sites)
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o

Materials used for outer
wall

R.tlle
s l a b Tinplate

Wood
Brick or stone

Cement bricks
Ferroconcrete

Earth

Others

Straw Others

Materials used for roof

roof
of detached dwelling at Youngkwang nuclear

- 6 4 -



co

S
CO
c
o
O

Materials used for
outer wall

H.tile
Slate

Slab
Tinplate

Straw

Wood
Brick or stone

Cement bricks

Ferroconcrete

Earth

Others

Others

Materials used for roof

3.13

(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Wolsung nuclear site)
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Materials used for
__. outer wall

"o

1
o
O

3.14

R.tile
Slate

Slab
Tinplate

Straw

Wood

Brick or stone

Cement bricks

Ferroconcrete

Earth

Others

Others

Materials used for roof

(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Ulchin nuclear site)

66-



I
oo

Materials used for
outer wall

R.tile

Wood

ick or stone

Cement bricks

Ferroconcrete

th

Straw
Others

Others

Materials used for roof

3.13
(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Wolsung nuclear site)
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g
3
• •5

&

Materials used for
outer wall

3.14

R.tile
Slate

Slab
Tinplate

Straw

Wood

Brick or stone

Cement bricks

Ferroconcrete

Earth

Others

Others

Materials used for roof

(Constitution ratio according to materials used for outer wall and

roof of detached dwelling at Ulchin nuclear site)

-66



A 3

l .

- 7fl°g (intervention)

7] ^ ^ ^ ^ 5 1 ^ ^ » 71]<y^ (intervention level)Sj-

(IAEA),

(ICRP), m^L&7]? (WHO) ^ 4 ^ ^

(ICRP Publication 60)o)H

©

^ ^ - ^ ^ ^ ^ Jlizf (deterministic effects)

(dose limit)ofl cflft

- 6 7 -



© f^i

fe #t£ (avertable dose)^

7B^$-^ (general intervention level)^

(BER-3 project) 3. 3.16^1

^ tfl-g-

4-

(site-specific intervention level) ef

- 6 8 -



3.16 i

(Generic intervention levels obtained from the results of Nordic

Nuclear Safety Project BER-3 and recommended by international

organization

**sr:

^ «
o l y"U o l

BER-3

2mSv/6h

(~0.3mSv/h)

50mSv/ld

lOmSv/lweek

50mSv/lweek

lOOmSv 2)

50mSv/lst month

200mSv/lst month

IAEA

10mSv/<2d

(~0.2mSv/h)

50mSv/<lweek

lOOmGy 2)

30mSv/lst month

lOmSv/month thereafter

lSv long time

Bq/kg 3) :

1,000 (1,000)

100 (100)

10 (1)

ICRP

5-50mSv/<ld

(~0.2-2mSv/h)

500mSv/<ld 1}

50-500mSv/<lweek

>50mSv L)

5-15mSv/ month

lSv total

lOmSv/yr

Bq/kg :

1,000 - 10,000

10 - 100

1) Projected dose

2) Equivalent dose to thyroid

3) The latter figure for infants' food and milk

- 6 9 -



2.

2]S.^-

5. 3.17̂ 1 tfl-g-

7}.

(sheltering)^ ^ | - ^ ^

A fe Al̂ efl trfB]- 4^-

[3.10].

- Ao (l-e~Aairt) (3.12)

- 7 0 -



3. 3.17

(Effective

"̂  J *

countermeasures for exposure pathways)

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

„«

o

o
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0.33

71

IS . fS"̂ -

0.79

nfl-f

3.18
(Relative concentration of airborne radioactivity inside and outside
a shelter as a function of air exchange rate)

X
0.1

0.33

0.79

\

h"1

h1

h"1

0

0

0

0

2

0.1

81

0.4

83

0.7

94

4

0.3

30

0.7

33

0.9

58

6

0.4

51

0.8

62

0.9

91

8

0.5

51

0.9

29

0.9

98

10

0.6

32

0.9

63

1

12

0.6

99

0.9

81

1

18

0.8

35

0.9

97

1

24

0.9

09

1

1

30

0.9

50

1

1

36

0.9

73

1

1

42

0.9

85

1

1

48

0.9

92

1

1

- 7 2 -



4-

tj-jil,

55M-

7]

$$} W j iJLH

90 %^

50 %

4- I^H^r

l ^ (temporary relocation)

- 7 3 -



(permanent resettlement)7}

(permanent resettlement)^

:71 afe

© S°<M-

- 7 4 -



3.

© Wl-g-jL^- ^ - ^ ^ (cost-effectiveness analysis)

(cost-benefit analysis)

: ^ ^ (multi-attreibute utility analysis)

- ^ ^ (multi-criteria outranking analysis)

*]•%•$• ̂ I^Mr AA x, y # A S i?H x-y

44

4 4 &<& w l - g - ^ ^ j ^ ^ ^ (simple cost-benefit analysis)^

^ ^ ^ (extended cost-benefit analysis)AS. 4 ^ 4 . 4 ^ ^ JL-§- ^ ^ £ -

A yJ-^:4 ^l^i-l-^ tflsfl X\<£d\) n^\±r ^-^S-§- (partial utility)^ ^

sr>Jl 4 <?]^H tflSfl 7>f^l# ^-^^>^ 7 > ^ ^ ^ - ^ S-g-4 f t ± S 4 4

^ ^ #JL-g- (total utility)o]

- 7 5 -



4. ^ f l j ^ 4

7f lo]

XioL 7}

o]-g-s|ji ^

4-

= G-S = aAH-X (3.13)

a : ^ ^ ^ d ^ ^ ^ ^ 7 > ($ (man • Sv)"1)

Zl// : t f l4*J3» $1£<LS-*} ^ ^ $X$: #% (man • Sv)

X : tfl-§-

(human capital approach)^]

a &£

(2) ^ 4 ^ 1 °fl ^?b ^l^0^0!] tflt!" # ^ ^ 1 ^ ^ ^ 5.0 x 10"2 Sv"1

1.0 x 10"2 Sv"2 Sv"1

^ 1.3 x 10'2 per

- 7 6 -



man • Sv

.-. a = (5 + 1 + 1.3) x 10"2 x 13 years x GNP/population

~ 1.0 GNP/population ($ (man • Sv)'1)

3.15

^71

2:7]

%- -n -S^ i^ : 60

: 10

: 20

: 30

mSv

mSv

mSv

mSv

d"1

d 1

d?1

d4

SF .JEfe- RF

0.8

0.25

0.3

SFS]- RF^

- 7 7 -



accident
discovered

n

ascertain
plant situation

t
evaluate

off-site PD

PD > ILdet or
core molten

t n
AD > ILshel

1 nT n

AD > ILevac

i n
is release

under control
i r v

AD > ILrcl

r n

access control
necessary ?

^ n
food/water control

justified ?

i n
decontamination

justified ?
1 n

relocation period
long Omonths) ?

T n

decontami nation
justified ?

V

V

V

V

V

•

V

*

V

V

V

emergency operation
procedures

evacuation + stable iodine
+ respiratory protection

sheltering + stable iodine
+ respiratory protection

evacuation + stable iodine
+ respiratory protection

relocation

access control

food/water
control

r
continuing review

to see:
if a mpH îTT**1 QVirmiH

be withd
contini

additional
is neces

i

- decontamination

• resettlement

• decontamination

rawn or
jed ?
measure
sary ?

i

termination of
the accident ?

EXPERIENCE FEEDBACK

KNOWLEDGE BASE

DATA BASE

ZL^ 3.15
(Flow chart for the decision-making of countermeasures)
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= (projected dose : PD)

( intervention level for

deterministic health effects)£j- nliilS|<Ho>

fe ^ 0.1 Sv (2<g olifl)^tf. ^ S ] - ^ <>1 Alu|.e|^.6ll^ PD71-

10,000 $ yr^

(GNPD)S

(3.14)

^ f = -im =2-75 <msv ̂

°1 ^ ^ ^ ^ 1 tfls|^--^S^i 3X]f- ^ <&^ *]*£ (avertable dose

(0.2x10)+ (0.75x20)+ (0.7x30)
(3.16)

38.0 (mSv d"1)

- 7 9 -



AD7\ ILShitJ±4 3 3.E.S.,

$

Xevac - Xfr+X^fr+X^+GAffiD (3.17)

(X r i s k , t r )^

(3-18)

)^r 1.06 x 10"6 (person • d)"J

rr

= 52.8 mSv

1 0 ' 0 0 0 (3.19)

- 8 0 -



AD = 21 AD(t) = 2 0 1 ; r U 8 = 51.3 mSv (3.20)
t t— t

£7fl)7M ^l-g^

^#71 Hj-g- (Xevacret)^ 4 ^ -

X ac+GNPD (3.21)

7fl

~ J_Q QQQ — 5.75 (mSv d )(3.22)

71 Hltftfl-g-

.0]

- 8 1 -



] -^ ^ ^ S - 1 ! (equilibrium

(dynamic model)<>] A

^ - ^ - i - 31^-ql: ^ H - 1 ! DYNACON[3.14]

€A]:?> «ovA>Ai5z)^fl^A]^^ (FADAS :

Following Accident Dose Assessment System)

DYNACON4

- 8 2 -



Time (days)

12

11

10

evacuation
7

A

A

\ /

(T) : Duration of sheltering

(2) : Optimum duration for

© : Cost-justifiable duration for

evacuation

(D : No longer cost-justifiable for

evacuation

0

Zl^ 3.16 t f l -g-^o} ZLEfl̂  ]
(Graphic presentation of countermeasures)

83



(1)

DYNACON-^r (compartment)£.£_

(Bq kg1 JE^r Bq

dt ; =
i=l,-,N (3.23)

(Bq tfl

^-ifl (Bq

(3.24)

(d)

- 8 4 -



(3.24)̂ 1 i ^ -

5Ut|-.

(2)

1/2>6 , d"1)

(d)

o]

Jit}

- 8 5 -



V = ^f = I" / (3-25)

- Vrbrv (3.26)

ABb(z) = a • 9(r) • flj - P • b • r (3.27)

= P - e(50) • ^ ^ C C d dt, Sv animal"1)

r : tfl-g-*3 |̂ ^ 3 7 m (d)

Fy : « ] ^ ^ A } i s tfl*fl 7>^-^ A}S.^^^-(kg (animal

]. ( $ kg-i)

($ U1)

^- (L (animal • d)'1)

(Sv Bq1)
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fs(r) =
Cs(i)dt

Mr) =

piyr

<Xt)dt
Jo

'C(t)dt - Cc(t)dt

C(t)dt

Cs(t) :

(3-28)

(3.29)

( B q

a • y(r) - H(te) - Vr br t

a - H(te) - M-b

(3.30)

(3.31)
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H(te) :

( = M- e(50) • C(te) , Sv animal"1)

7 } ^ ^-W-^ ̂ ^ (kg animal"1)

/,(r) = -gg- (3.32)

) > 0 (3.33)

= 0 (3.34)

(3) 1 4

90Sr (Ti

1.0 $

/2=29^)ol JL^sl^r

Ji , A ^ ^ U.Z q> Kg

-̂. 1996^ d

° o ^ 10 kg

^1^} #7}

A! 4- ^rD}

SB3LO] C S

^}S.d\) 5-Tl



137Cs, 90Sr,

A 1.3 x 10~8, 2.8 x 10"8, 2.2 x 10~8 Sv Bq"1^- 3-§-*)•& 413.15].

3.17,8: 137Cs^l

3.19^ ^ ^ ^ ^ ^ 1 ^ ^ i ^ A i ^

40% # \ ]

10

- 9°Sr
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50 kBq m"2 ^ ^ ^ - f - fM

(137( 1 3 7
C s

2.32 x 105 Bq d U 1 , 90Sr : 2.31 x 105 Bq d t / 1

^ 137Cs 90 Sr

^ 9°Sr 137 Cs

91 mr tfl

137 Cs

O]

5^4

137 Cs

137
Cs

5. 3.20^ tflsfl

kBq m

10 kBq

"2 ^

X\

6 0 ^ 4 0 ^

90 Sr

s.
100
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3.19 50 kBq rn 2 ^ tflSfl

(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 rrf2)

(d)

10
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80

90

100

10

20
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40

50

60

70

80

90

100

^m w* (d)

5

{ABS)

35.4

47.1

44.5

34.8

21.4

8.0

-5.6

-18.4

-32.1

-43.6

109.0

159.0

177.9

179.3

171.6

165.9

158.2

152.4

144.7

139.0

-39.4

-103.3

-183.1

-271.4

-363.8

-457.2

-550.6

-643.3

-737.3

-831.3

32.2

24.3

-23.2

-94.7

-177.2

-263.6

-350.0

-437.0

-524.0

-611.1

10

/ yf f") \

21.6

25.1

18.0

5.6

-7.2

-20.6

-34.3

-47.0

-60.4

-74.1

75.3

107.1

115.0

110.6

104.2

97.1

90.8

83.7

77.3

70.3

-52.4

-125.3

-209.0

-300.9

-394.0

-487.0

-580.7

-673.5

-767.4

-861.4

15.4

-14.6

-75.7

-153.7

-238.8

-325.2

-412.2

-498.6

-585.6

-672.0
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S. 3.20 tfl-g-

(Net benefit for milk as a function of the duration and

radionuclide concentration on the ground with a 10 d delay after

the deposition)

1

U /Cs

yuSr

(d)
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90

100
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20

30
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70
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90
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w o u H # ^ ^ l a ^ £ (Bq m"z)
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{ABS)

-11.7

-27.0

-44.4

-62.9

-81.4

-100.1

-118.9

-137.4

-156.1

-174.8

-0.9

-10.6

-25.0

-41.9

-59.2

-76.6

-93.8

-111.3

-128.5

-145.9

(*Bb)

-90.5

-185.1

-282.0

-380.2

-478.8

-577.4

-676.1

-774.7

-873.5

-972.3

-76.9

-162.9

-255.1

-350.7

-447.8

-545.0

-642.4

-739.7

-873.1

-934.4

100

{ABS)

63.2

90.2

96.1

91.1

85.6

78.8

71.5

66.0

59.2

51.9

170.6

254.3

290.0

301.1

308.4

314.3

321.5

327.4

334.7

340.6

i*Bb)

-4.8

-50.6

-119.8

-201.8

-287.9

-374.0

-416.4

-546.9

-634.9

-722.8

130.8

170.8

148.6

92.6

22.4

-50.3

-124.4

-197.2

-271.2

-344.0
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(137Cs : Ti/2,b = 50 d, 90Sr : T1/2,b = 70d)

(B7 T2 d kg 1 ^ "4 d kg1)(B7Cs : 4 x 1CT2 d kg1 , ^Sr : 3 x 10"4 d kg1)?}-

71 ^§-

2.21 Bq kg"1 per Bq m2°]t}-. T%B\-X] 1 Bq kg"1 per Bq m'2S. # o l 7 ] ^ ^

5. 3.21^ 50 kBq m"2 ^

137Cs

137

^ ^ 9 0
S r

Cs

137
cs

3.22^

45}

90Sr

§14. 137cs

S=; ̂ .4 #71 #3]
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S. 3.21 50 kBq rn 2 %% A] 4 tfl-g-

(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"2)

»
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(ABS)
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1,628.5

1,733.9

1,805.9
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-13.3

-20.5

-28.1

-35.8

-43.8

-52.1

-60.4

-69.1

-77.7
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-3,560
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3. 3.22 1 0 ^

(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)

1J/Cs

yuSr

(d)
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189.5

265.3

321.3

372.9

417.7

457.3

490.0

518.3

535.5

-9.1

-18.3

-27.6

-37.1

-46.5

-56.1

-65.8

-75.5

-85.4

-95.2

i*Bb)

-2,783

-3,590

100

{ABS)

1,118.7

2,082.2

2,933.7

3,587.0

4,197.2

4,738.4

5,227.9

5,648.4

6,025.9

6,291.3

3.0

4.5

4.9

3.7

2.6

0.1

-3.2

-6.4

-11.3

-15.5

{ABb)

5,020

-3,460
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(2)

(3)

7 ] ^ , 71^ f A S 3.711

3.234

^ H , °1 71^
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S. 3.23 GIS^ ^ e | ^ ^ ^ 7 ] ^
(Manipulation and analysis functions of GIS)

Function

Spatial manipulation

Spatial analysis

Digital terrain analysis

Network analysis

Analysis

• Vector/raster conversion

• Projection and transformation

• Coordination

• Proximal or neighborhood analysis

• Area, perimeter calculation

• Polygon overlay

• Polygon dissolve

• Point in polygon

• Buffering and coridoring

• Windowing

• Grid cell overlay

• Contouring

• Slope, aspect calculation

• Watershed analysis

• Volume calculation

• Cross section

• 3-D viewing

• Optimal path selection: route

• Flow simulation: allocate

• Time, distance districting: district
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(4)

l, ^f lEi , # S B i (plotter), EPP

(Electrostatic Plotter & Printer) ^-o]

x|E)^^.Al i :^o) |^ A]~g-slfe- 7}£fe ^ ^ r ^ S . (spatial data)^-

(attribute data)S

^ 1 , 3.7] ^ 6 ] ^ - ^ , A>^|^ ^$4. L+^xfl^ ^ojcl-. o]Si

: S.^}^ 7 l # ^ ^ ] ^o1-^0)!^ sfl^ti (raster) ^ 4 «

(vector) yJ-^l, TIN (Triangular Irregular Network) yj" l̂ °1

] X-Y

X-Y

X-Y

TIN
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oil ^n X-Y (

^ (database)

(1) 3j

7]

a

^ ^ (database management system)-^-

(2)

(structure), ^ (organization)

S . ^ ^ ] # (hierarchical)

(network) x}g. 3-*i, &7]} (relational) x}3. JE.ll ^^]

(7» 1̂ % AS.
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fe ^ tf]

(level)^ ^ o ] v ( . 71^- A>o]6j)

£-7}

2.^-g-

(pointer)!-

7> t^4- °1 S - ^ ^ ^ ^ 7 } Bfl-f -B-̂ «1-J1 feel (Boolean Iogic)i4

(3)
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(topological data structure) ^ X I ^ A i (terrain element)-^

tj- (topology) o l ^ ^-^> ^ ^ 1 1 - ^oi^l-^.t-11 ^ o ] ^ ^ t } - ^ wj -^o_ s ^ XI

(location), 3.71 (dimension), ^B}] (shape)^ 71-g-

. 71

(thermatic attributes)^- S^-

(7}) source map

dispersion map
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9X 3- dynamic cartography (animation) ̂ L

(cf) exposure map

(£]-) risk map

risk map^:

DB uflollA^ ^ 1 ^ ^ ̂ ^ ^ ^ , ^1, Tg^.^ * 1 # 3 t } . O]SJ

^ ^ ^ ^ 1 X-Y

(Feature Attribute Table : FAT)^ 4 S . 71-^-^4. o]

(reference thematic)

(Polygon Attribute Table : PAT)^1

(Arc Attribute Table : AAT)^], :ze]jL $o\] t f l^

(Point Attribute Table : PAT)^j

(4)
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(vectorizing)^- -^^l

DB

I TM (Transverse Mercator Projection)

(projection)4 ^ ^ (tranformation)

1/50,000

1/5,000

°1 ̂ Til ^ e| =1
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FAD AS

CARE 7 l ^

3.JL

10

1007fl^

^ ^ - £3.711 # ^ ^ $ 1 ^ 4 - FADAS

fe- SODAR, Airsonde,

FADAS
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44

4- -S^4 3-f 7H> e ^ £^<SHHH^ £4^47} #^$;4 4 1/5

^ 1 olfe. ^ 200 m ?

. FADAS^ ^^H ̂ -7}

D/Bl-

FAD AS ̂ ^ -o]

711

tfl-g-^4

S •̂̂ •51-71 ^ t b 7 l^AS. w l - g - J : ^ ^ (cost-effectiveness analy-

sis), ti]-§-^^j^-^ (cost-benefit anaysis), 4 # ^ S - § - ^ (multi-attribute
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utility analysis) ^ ty^^-r-^it^ (multi-criteria outranking analysis)
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CARE°fl tfl-g-^J

FADAS 7flt^ FADAS ĵ

9X4:

km

71^-1- BfjL
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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.

DI. 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

- v -



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 (hprt) 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 y -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 y -irradiation to a

dose of 1.0 Gy, 2.0 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
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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 y -radiation was

exposed with PCP simultaneously, mutant frequencies of kprt 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 /-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 y -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 kprt gene locus predominantly occur in the case of PCP exposure.

Deletion on the kprt gene locus occurs both conditions( y -irradiation and

PCP treatment).
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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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A]~g-ll * r ^ ^ ^ T 1 >M|3L£| £ - £ | l ^ « H heparin (beef lung

heparin, 10 units/ml whole blood) ^.5. * ] 5 ] ^ ^r*>7ll A>-g

^ 25 ml^ ^ ^ - i - Histopaque(Sigma Co.) 25 ml7V ^-^1 50 ml-g-

400 g S ^>a ^B]§>^ ^ # ^ l ^ i f l ^

. ^ 1 - DPBS -g-^ o.S. ^ «i ^1^*V ^ (250g,

180 g, 12^-), 5 ml RPMI-1640 Hfl̂ l̂ ] - f-B-A]^^ 0.1 mil- 0.4% trypan

haematocytometerS. ^ *\}£-$\ T f £ # # ^ ^ ^ 4 - M-^:^r

37°C, 5% CO2 incubatoroflA] a . ^ ^ } ^ ^ . T-lymphocytes wfl

l^11^3.^1 RPMI-1640 (Sigma R-5382; with L-Gln, USA)^

£\£\ 7]^- A ] ^ 0 . 5 . Dulbecco's phosphate buffered saline

(DPBS: Sigma Co.), HEPES (Sigma Co.), sodium bicarbonate (Sigma Co.)^

°1 A]~g-s]&i4. RPMI 7l^tifl^]^l 3i^^r 25 mM HEPES, lx Non-Essential

amino acid (Sigma Co.), 1 mM pyruvate, 0.05 mM 2-mercaptoethanolol^,

o]o)l 2g/I£| sodium bicarbonate-^ ^7]-^>^ pH 7.23. S ^ t F ^ ^ ^ - ^ - S

^ > ^ 4 . 2, 3*} 7i) « < # • § - ^^}o^ RPMI «fl̂ l*=fl HL-1 medium (Ventrex,

USA), calf bovine serum (CBS: Gibco, USA), T-cell growth factor (TCGF:

Collabo -rative Research, USA)-& ^ 7 > t > ^ 4 . ^«11<>H] A>-g-^ 7]^ 3.

- ^^^ l# (Nunc , Denmark; Falcon, USA)^- A > - 8 - * > ^ ^ . a ^

cell linear hprt-negptiveQ WI-L2 lymphoblastoid cells (TK6;

W. G. Thilly, MIT, Cambridge, MA, USA)^ i ^ ^ ^ ] s ^ o ] 36x4 cell line
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(hprt :gafl -ft-31*1-3] ^ Skopek, T. R., 1978)4

$X^ HL60 cell linel- A]~g-§>$S4- ° l ^ human lymphocytes^]*\

+ 1!€ , 6-thioguanine

(Sample A) 4 2 2 ^ ^ ^ ^ - # * H H (Sample B)5] blood lymphocytes.^

heparin (beef lung heparin, 10 units/ml whole blood)-|r

lymphocyte-t ^ - ^ § > ^ 4 . hprtfr%\z}7\ X-chromo some<>ll

4 . 48^1^0] HflOj:o]

pH 6.5«1| o}^ nfloj:^^; ^^oflA-1 250 g, 20^-^} ^ ^ ^ H ] ^ - J L ^J-^^

A>-g-SV^4. HL-60

Hfl^^; T-cell activation^] ^ A ^7] ttfl̂ -o)] 7]^-

10% FBS1- ^

2. ^£Hfl<a=Al woU^ s^y ^ pep

^15. ^ ^ ^ \ ^ 3:^>fe 60Co€^- ^>-g-^>^ 0, 0.2, 0.5, 1.0, 1.5 2.0 ^

3.0 Gy5] ojro.^ #v}#d\) ^ # ^ 1 ^ ^ ^ , o ] ^ A j j i ^ ^ j . ^ . s ^ z j ^ CBS

RPMI l ^

PCPfe o]i- 50

0, 5, 10, 15, 25, 50 ^ 100 ppm(w/v)o] £ ) ^ t}<*\,

3000 rad7>^] 2:AV*>5|4. tifl^o. 3 7 ° C / 5o/o C Q 2 i n c ub a tor

3. 1̂ > ufl0^ (prime culture)

r HL-60 human cell lineal ^-f, RPMI 1640 ^^ t i f l x ]^ lx
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Nonessential amino acid (Sigma), 20 mM HEPES, 1 mM pyruvate, lx

Antifungal-Antibiotic solution(Sigma), 0.05 mM 2-mercaptoethanol H A ^

f^JE7]- s\7]} ^o] RPMI 1640 ^^wflxll- ^ t - j ^ <^7}d\] ufA] 8% fetal

bovine serum, 8% ConA-sup., 4 //g/ml concanavalin A, 10 unit/ml

interleukin 2-& ^ f ^ M 1*} Hfloj=^ (Prime culture-g-)AS. ^ } $ 4 . ^5 .£ ]

^ £ f e &B\& blood lymphocyte ^ splenic celll: 1̂ > uf l^cf l A 2xlO6

cells/mis] 7\) "45L, A ^ H ^ 250 ml -g- culture flaskl- ^>-g-^>^ 50 ml

*§ yfl^VSa^. ^ S ^ 37°C, 5% CO2 incubater

24-36A]^>6.S. prime culture* < r W $ l 4 . t b ^ ^ l ^

fe 4-^d ^ r ^ ^ Wood lymphocytel- 1*} u f l ^ JH 4 ^ ^ ^ ^ 40 x 106(l

x 106 cells/ml)£]7n ^ 3 . , z\7\ 4 7fl 50 ml %• culture flask^l 10 ml ^

i4^f^ i^ . a t b °1 ^ a ^ l 1^1 ^ ^ ^ ^ r RPMI 71 -̂wflxlo]] 2 mM

L-glutamine, 1 x antifungal-antibiotic solution(100 units/ml penicillin, 100

jug/ml strepto- mycin sulfate, Sigma; *]<# s.^- ^ ^ ^ E ) ^ . ^ o ] R P M I

1640 ^^wfl^l-i- ^r l -3 . , °̂ 7]<>ll tJ-Al 20% HL-1 medium, 5% fetal bovine

serum, 1 //g/ml PHA1- ^7>-&>^ l^ r
 yH°^^ (prime culture-g-)^.S.

4 . y f l 0 ^ 37°C, 5% CO2 incubator

4. 2x> ^ 3*} f ^ y f l ^ (subculture)

36-40 A l ^ ^ s ^ ] \%\ tifl^to]

^ # - i - i - # ^ (survival counting)

subculturel- ^s |^>^cf . o] xtfl y f l ^ ^ ^ RPMI ^ t i f l x H 20% HL-1
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medium, 5% FBS, 10% TCGF-l I f A ] ? ! ^ 0125 /ug/ml phytohemagglu-

^ 3J7M^4 «fl°M- ^l^ *fl 434\ ^Sfe 01 x 106t inin^ 3 J 7 M ^ 4 . «fl°<M- ^ l ^ *fl 43.4\ ^S-fe 0.1 x 106 cells/ml o]

a, j±f- 20 ml

ufl^ ^ofl z^-4 Afli^-^. ^r^^JL l £ ^ mutant plating^

^ ^ 1^} wfl^ ^ mutant plating ^^4: survival plate, 2*\

A'Q 4- platingtb ^ # direct plated § } ^ 4 (4x> yflo^5l ^^ mutant

plate ^]). o] H f l ^ i g ^ : 4-S-^l 4^}yfl^(mutant plating)^

. ^ ^ ^ J 5 . S HL-60 human cell lineal ti

5. 4^> tifl0^ (mutant plating)

3x> Hfl<#o] ^ ^ . ^ ^ (HL-60 human cell lineal ^ - f lx\ prime culture

6- thioguanine^- A > ^ - ^ ^ ^ u f l ^ ^ - ^ « | ^ > ^ 4 . 4 i ^ l ^ £ T T 5 x 104

ceUs/mlS. 96well plates-f- *W-Z}*\ 1 welHl 1 x 104 cells/0.2 ml 7> 5] 7fl

^ > ^ ^ . °1 wfl6<H£ RPMI ^r^wfl^H 20% HL-1 medium, 5% FBS, 10%

TCGF1- i ^ M f l j ! / 0.125 A£g/ml phytohemagglutinin^-

^•o^^ol Afli^ >a^-i- ^^V^ 6-thioguanine^- 1

Feeder cellar 36x4 cell line (/iprt-negative)^- °]-§-^}5l^-^, 1 S S . 9 krads

(60Co€, 1100 rads/min.)£] #*}#<% ±%-*}%± * A}~g-ij}£4. o]

cell countingo] < £ ^ ^ FBS7> S f - ^ ^ 1 ^ ^ RPMI yl^tiflxHAi

%JL ^ B ] ^ >Hsfe w>g. nfl<a=ofl A>-g-f>5>|4. Feeder cell ^ ^ s . f e 1 x 104

cells/well^T sjTfl ^>5!4. wB^^r 37°C, 5% CO2 incubator ( ^ £ f e 100%)S]

^ 15^) ^^Jt l -sa^.^ , /zprt- negatived

- 16-



CFU (clone forming unit)<5] ^ ^ - i - ^ # 5 } 8 4 . HL-60 human cell lineal

&<>H^ M]S.S>) ^ £ 1 - 2 x 105 cells/mil- 7 ] § A S « H 96well plate^ 1

welH 4 x 104 cells/0.2 ml 7} £j?ll §}$4- °1 ^lS^i ^ £ f e € ^ M #«3

2 x 104 cells/0.2 ml Sfe 1 x 104 cells/0.2 mlS.

# ^ interleukin-2 1- ^ f b JS.̂ - ^71-i-i- ^:^r ^ £ 5 . ^7}^2L, 6-

thioguanine# 1 ^g /mlS $7}t\$iv^. Hfl^^ 37°C 5% CO2 incubator (^

JEfe- 100%)5] S^ofl^ 10^-15^^> ^ « | § } ^ ^ . T ^ , hprt- negative?] CFU

(clone forming unit) 5] iH) •§-

6. CE (Clonal Efficiency)-plating

Mutant plating^ ^ ^ ^l^^l

§}oi CE-platingWfl6j= -̂ ^ ^ ^ S S 1 ^ . °)^r feeder cell# 1 x 104 cells/well

(human cell) Hfe 2 x 104 cells/well S. 3^^3Lf A well^ 1,2,5 cell

(human cell) SEfe 1A20 cell 5\7\) ^7}is}d\ v§<$X\%] %o]t\.. £. ^^ofl^|

o] ^^-g- /*flSfe mutant plating^f ^ ^ A]^O) ^ ] 5 £ O ] ^ O) clonal

efficiency5.^] mutant fraction^- ti^£]-$r}-. ^ S t i f l ^ ^ . <#7]Si\ mutant

q-, I r ^ ^ ^ l Afli^ ^d^^- ^1*}^ 6-thioguanine^ ^

f. Feeder cellar A > ^ i ^ yfl^ofl^^ ^v}^6\) ±%;X\%)

36x4 cell line (ftprt-negative)-i- ^j-g-^]-^^.^, ^ f ; | i s l ^ - f 36 x 4 cell

line, $3\$\- € ^ ^ lymphocyte, splenic cell-i- A A € ^ § 1 - ^ 4 .

^ -3 . UV-irradiation^^^- £^§><^ ^7)$\ feeder

SA>^}^tl-. Hfl^^. mutant plating3z|- ^-o] 37°C, 5%

CO2 incubator (^£ fe 100%)^

, ^prt-positive «] CFU (clone forming unit)^]

- 17-



7. CFU ^ 3i Mutation fraction^]

CFU (clone forming unit)fe ^Lf- plating 6<H

cloned

-. Mutant plate<>lHfe /zprt-negative «?]

clone o], CE plate (clonal efficiency, nonselective plate) ofl̂ -fe- hprt- positive

91 cloneo] ^^5\o\ 96well^ CFU7]- ^|fe well# positives. £ M °1 ^ 1 -

7l-S-"5r} îil-. Clonal efficiency (CE), Mutant fraction (Mf) ^ mutation

frequency (MF)£| ^^}^r Poisson statisticsl-

(Albertini et al, 1985).

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

In Po in nonselective plate
Clonal Efficiency(CE) - -

Number of living cells/well

CE-plate^l ^^-S-^flSl- well1^ 27fl-̂  "4<&GJ$. Number of living cells/well^r 2

- In Po in TG-plate
Mutant fraction (Mf) = -

Number of living cells/well

Well ^ 4 1 2 ) =r- lxlO4 cells^ ^ - f Number of living cells/well^r lxlO4

feeder cell^ =^

Mutant Frequency (MF) = Mf/CE

1 8 -



8. Mutant cloned subculture

Thioguanine-plate(Mutant-plate)<>l]A-:| ^^3=1 CFU (clone forming unit)fe

/iprf-negative^] cloned i^, o]& ZL # £ t g o l ^-g-S) ^ - i - - $ ^ H

subculturel- ^39*} 58 4 - *HMI*|-c- Mutant p l a t e n s } - jk<>] thioguanine

U-ft-ufl*!!- Al~g-§>^6.^ y|)oot^.7|- 24well plate (2ml total culture

volume/well) 1- ^ - g ^ ^ T } . Feeder cellar ^ A ] Mutant plated*\s>\- ££- ^

^ feeder cell-i- A>-g-^>^A^ ZL ^J£fe 2.5 x 105/mlS. ?>}$&t\: u f l 0 ^

mutant plating^f ^-ol 37°Q 5% CO2 incubater (<£JEfe 100%)^)

^*J*>^^.^ « i m 4 5-7 ^ 4°H1 A ^ ^ Wfl̂ lt- ^Tltl-aL, Afl

feeder cellar i # ^ > ^ ^ ^ ^ ^ - # £ 1 - M}*7\) *t ^r SXSX^. Cloned

^ ^ - ^ £ 5 ] %}o]7} #±.ij; Ji^f-^ ^ - f 1 5 ^ o]4- ^^ofl ^Tg-^ ^ (5.0 x

104/total cells of each clone °)<#)Si\ AflS-1- £•£ ^r ^ ^ 4 -

l-^r (1.0 x 105/total cells °1^) Cryovial^f Eppendorf tube< ]̂ «}

Eppendorf^l

^ lml DPBS^l ^--fi-^1^ o]^. 57fl^ xfl tubeefl 4 0.2ml (1.0 x 104/each

tube

-70°Co)l

cloned 5^51

9. RT (Reverse Transcriptase)-PCR

mutant clone hprt

- 1 9 -



fe RT(Reverse Transcriptase) P C R ^ # T M H DNAS.

°lfe v}& direct sequencing^ *]--§-^t4. °1 RT-PCR^^^r &± reverse

transcriptasel: ^HK}fe mRNA£] DNAS.£| #$;,

f ^ ZL Ejjl f ^ ^ l DNA1- direct sequencing^

PCR (r

7]-. RT(reverse transcriptase)-reaction.

^r ^ ^ - ^ mutant cell(l x 105 cellsol^-)^. ^^]^-Bl (250g

15 cm ti}^, 1200

4 tube l̂l 1 x 104

^ - t *]•%•$: 43.$ 54^1). a ^ : ^ cell lysate tube

&J^£. cell debris* ^ ^ l ^ H ^ ° 1 ^ . n 1 Lfl- #!^}^ t^g- RT-PCR

reaction^-

RT(reverse transcriptase)-reaction

1x104 cell^Aj-

5x RT buffer

0.1M dithiothreitol(DTT)

1 mg/ml Bovine Serum Albumin(BSA)

dNTP (2.5mM,each)

oligo dT (50ng/ml)

RNase inhibitor(40U/ I)

Nonidet P-40

MMLV-RT (200U/) 1

D.W.

1.0 fi\

2.0 ft I

1.0 fil

1.0 n\

2.0 fil

0.5 til

0.1 fil

0.25 ^1

0.2 ^1

1.95 fil

- 2 0 -



37°C,

PCR^l

inactivation

-20°C^l

cell lysatefe tube1^ ^ 3

^<?l cell lysatefe

cell lysateS] ° ^ ^

reverse transcriptase reaction^]

Mutant ^prf gene^i

RT-reactionof| $]

A>-g- primer^

PCR.

polyA-tail^: 7}$.

cDNA1?]: . o]

Mutant hprt gene^ ^ ^ ^ r PCR.

Mutant RT-reaction (cDNA)

Primer l.(RT3, 20 /(M)

Primer 2.(RT4, 20 fiM)

dNTP ( 2.5 mM each)

lOx PCR buffer(w/o Mg)

MgCb, 25mM.

Taq polymerase (5 U/ fi 1)

100 fil

10 fi\

1 fj.\

1 n\

12 fil

10 (i\

6 fil

0.5 //I

41.5 fi\

-

0.2 ,uM

0.2 ^M

0.3 mM (each)

lx

1.5 mM

2.5^/100^1

-

predenaturation, 100°C, 10-g- 4 ; 94°C,

50°Q 60a.; 72°Q 120^, 3o^^ i i£4?-. post-polymerization, 72°C,

Primer RT35'-CTGCTCCGCCACCGGCTTCC-3' (forward, 20mer)

- 2 1 -



Primer RT4 5'-GATAATTTTACTGGCGATGT-3' (reverse, 20mer)

* Primer^ ^ £ f e ^ ^ H l ^ 37V*] 5 . ^<H?14. i*M, pmole /^ l ng/ / / l 7}

iLf- 100 //M (100 pmole///l)5. #1-<*| ^-g-^-fe primerfe ^ 600 n g / p l (20mer/

^ £ * } - ^ 300J1S Tfl-SrJS, i£-§-*H -I"0! ?> primer^ ^ ^ ^ £ f e 0.2 ^M-1.0 //M

(0.2-1.0 pmole///l; 1.2-6 ng/fil)o]t\-. M. ^^^]A] primera.^:-g-^^ ^ £ f e 20 ^M (20

pmole/^1; 120

-. Mutant hprt gene-Si

PCR-I-

2x\ PCR (nested PCR)

gene£]

sequencing-

PCR# ^-^ primer

fe direct

5]

Nested PCR^r 1*} PCR<*(H 4 - § - ^ primer 1 -^ «>S.

primer# ol-g-*>fe PCRS.

27fl primer RT-A, RT-Bfe v}g. lx\ P C R ^ A ] A]~g-

primer RT4, RT3^| nested primerS.^i

fe primer RT3, RT4-&

7]-g-^ 2^> PCR (7flPCR)^^3E. primer RT3,

RT4# Aj-g-^3., zi t}~§- J 4 ^ ^ ] direct sequencing^] A-] nested primer

RT-A, RT-B-i- 4

primerl- A>-g-^ 2*} PCRo]

^ ^ i Taq polymerase7> ^Q 7}^ template^- annealing

€ primer41 binding^; xtj), 31 7>^-^ ^^> ^ ^ ] g . ^ binding§>7i ^-f^/

DNA ^ ^ 4 1 binding^}7lfe

- 2 2 -



DNA polymerase^

- 5E$b template-^ i r l H l annealing^, primer

template #<£ 7>^-^| T 2-^:^ JE-g-j$.3. annealing^-

annealing^-Bfl#

-fe T ^ polymerase^ll

^ .S . template D N A ^ ^ ^ l ^ ^ 1 ^ primer

template ^ ^ 7>^-ol ^ 7 1 ^ n

2%\ PCR^-g-S] Aj-g- primer^-

* Mutant gene^l PCR(Nested PCR).

100

lx> PCR product

Primer l.(RT-A, 20 pM)

Primer 2.(RT-B, 20 //M)

dNTP ( 2.5 mM each)

lOx PCR buffer(w/o Mg)

MgCli 25mM.

Taq polymerase (5 U/ /u 1)

m **+

0.1 //I

1 fil

1 (xl

12 ^1

10 ^1

6 //I

0.5 //I

69.4 fi\

-

0.2 //M

0.2 MM

0.3mM (each)

lx

1.5 mM

2.5j«g/100pl

-

post-polymerization, 72°C, 10^-

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

* Primer RT3 5'-CTGCTCCGCCACCGGCTTCC-3' (forward, 20mer)
Primer RT4 5'-GATAATTTTACTGGCGATGT-3' (reverse, 20mer)

- 2 3 -



2*} P C R ^ # £ : 1 x TAE 1% agarose

-T-H- QQ^ 41/ direct sequencing^.S. mutation^]

Primer^

Primer 3 (+): 5'- CTG CTC CGC CAC CGG CTT CC -3' 20-MER

Primer 4 (-) 5'- G ATA ATT TTA CTG GCG ATG T 20-MER

Primer B (+) 5'- CCT GAG CAG TCA GCC CGC GC 20-MER

Primer A (-) 5'- CA ATA GGA CTC CAG ATG TTT 20-MER

5J Mutant DNA-fragment^i s j ^ .

RT-PCR^ ^ 1 - (2x> PCR ^ ^ 1 - ) ^ : lxTAE, 1% agarose gel«fl

PCR ^ ^ 1 - 5 1 ^ ^ ^ deletion-mutant^-fl-

650 base)34 deletion-mutant^) DNA band

^ Gene Clean Kit II (Bio 101 4 ) 1 " 4-§-^H 3*r^5&c|-. >̂1 Ho>^^r ^

T^g- PCR-sequencing^ template^.

10. Mutant hprt gene5] DNA-sequencing

s ) 4 ^ 4 PCR product^ DNA-sequencing^.5.

# ^ ^ ° 1 ^ 1 ^ * ] - t ^ -^1^}^4. Sequencingti}-g-^r Perkin elmerAf^ ABI

PRISM Dye terminatorl- A>-g-^ cycle sequencings.^. ^ r« | ^>^S .^ , 96°C,

10s. denaturation, 50°C/ 52: renaturation, 60°C, 4^r polymerization, 2 5 s | ^

£.£. ^>^^-. #*»| &%•$ £X\!~ Taq-polymerasel- ^7f^- ^ E B ^ A ] 96°Q

pre- denaturation^r ^SJ^>^1, 2 5 S ] ^ ^ ^ M>-g-̂ - ^ s j ^ u l f l ? }

Thermocyclerfe Perkin Elmer 96002]- EricombA}<>] ^ ^ A>-g-

- 2 4 -



Reaction premix 8.0 //I

PCR product(10-30 ng/jul) 3-6 /^l

Primer A S f e B 3.2 pmole (21.1 ng)

D.W.

Total volume of reaction 20

Q sequencing primer^ ^ H ^ t\-%-s\-

Primer B (+) 5'- CCT GAG CAG TCA GCC CGC GC 20-MER

Primer A (-) 5'- CA ATA GGA CTC CAG ATG TTT 20-MER

Sequencing product fe- promega^f^l cat# C-1281 Spin Column C

H A^$\ dNTP, ddNTPl- ^ l 7 i § } ^ ^ ^ speed V a c J ^ ?d2iM

^ loading^ V\A SJQ^^A. Automatic Sequencer^ ABIA>5] Cycle

Sequencer Model ABI 373# *]~§-3H

7\. - ^ ^ ^ l S ^ r ^ 7 i (flow cytometry)

receptor^- ^-^0] 0^4.

•% ^ - f thymocyte4 lymphocytes^ ^

cell sorter7]- §iA^i mutant cell-2] ^ ^ o ] ^7|-^§>JE.5. ^Xfl7>X| hprt

6-thioguanine ^S)ofll -5]^ mutant cells]

- 2 5 -
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*

i
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• • - . ^ : . " 4
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1. rad, 32 hours,

(100 rad)8.?/86.6

: CD4/CD3)^

Fig. 1. Flow-cytometric analysis of irradiated(rat, 100 rad, 32 hours, monoclonal

antibody: CD4/CD3) rat blood cells.
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2A. «
2B. DNA
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; R,

DNA
PCP, PCP

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.
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(Figure 1).

14. DNA ^^^^-(DNA fragmentation)

W M # sl^o} ^ - f T-^aHMlioMfe- ^l i^> (programmed cell

death) ^tfo]

endonuclease^]

DNA fragmentation^4^

a ! ^4(Figure 2).

T-cell clonal assay

T-cell clonal assay

T-cell clonal assayfe ^ 1 " ^ ̂  ^ r ^ ^ - ^ l - ^ ^ f̂ltb biomarkerS o}-%-

polymerase chain reaction 7)^^\ %^^ o]

T-cell clonal assayl- ^ ^^1

mutational spectrum^-

subculture-i-

2. ^ 1 - ^ S ^ H ^1"^ Human cell ^ HL60 cell lineal

- 2 8 -



Prime culture<*fl*\S>\ y -irradiation^ Co60 y -Q%-^ <4-§-"5}°3 (1.53

rads/sec), 3. ^^}^o] o, 20, 50, 100, 200, 300 rad7} s\?\}

Human cell-i- >M~8-$b € ^ ^ r 3 6 ^ tb^#*H>M

_s_i ,̂ clonal efficiency^ 35.6 %, Mutant fraction^ 2.77 x 10"6^_S.

- Human in vitro -HtMl*! survival counting^) ^ ^ l - # S-^ r

-irradiation^ 200 radol^-o]]^ ?^*V / | 5 . = - ^ ^ -

^ 5{J^4. % 7- radiation^ejl- ^ prime culture

fe 0 rad<=fl>H ^ 49%^ ^ ^ 4 1 " , 20 rad o ] # 100 rad7>^lfe control^ a]

^ t b 41-51%51 ^ ^ - i - ^ - ^Bl-^^-M-, 200 radolHfe 23%^JE, S£fb 300 rad

1). PCP^e)^i] ^§fl^i3E J

100

HJ|<# (prime culture) ^Ai

,Neill et a\., 1987) ^^1 7-

fe Clonal Efficiency(CE)^^^]^

Survival countingofl >H

clonal efficiency(CE)

Control^M 0.350 - 0.360^-S. 4 4 \ t CEfe 200

§>S. ?fl4r ^ - ^ ^ > ^ 4 (s . l).

Human cell line-i- ©l-g-̂ b ^ i^ fb Clonal a s s a y t & ^

o|^- cell lines} ^ $ ^ ^ - s } ^ {& 2).

^r 1,000 rad

- 2 9 -



5. 1. y^m pentachlorophenolol ^ a | ^ A>^- T-cell5] -$^-g-jz|. clonal

efficiency(CE)

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

exposed to y -radiation and pentachlorophenol

Quantity of irradiation % Survival CE

0

20

50

100

200

300

rad(0 ppm)

rad(lOppm)

rad(15ppm)

rad(25ppm)

rad(50ppm)

rad(100ppm)

49(52) %

51(47) %

48(48) %

41(47) %

23(39) %

11(9) %

0.355(0.379)

0.388(0.358)

0.339(0.310)

0.274(0.161)

0.142(0.062)

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 (lxlO6 cells/ml).
Each volume of prime cultures was (5.18ml, each).
CE (Clonal Efficiency) = -In Po / N ; Po = 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* gamma
irradiated 36x4 cells per well under nonselection conditions.

- 3 0 -



&2. 7# 2AH1 S>\^ HL-60 human cell lineal $&•&

Table 2. Survival countings of HL-60 human cell line exposed to

7 -radiation

Quantity

of irradiation

0 rad

100 rad

200 rad

250 rad

300 rad

400 rad

500 rad

lOOOrad

un-irradiated

2.8xlO6/ml

2.8xlO6/ml

2.8xlO6/ml

2.4xlO6/ml

n.d.

2.0xl06/ml

2.0xl06/ml

n.d.

n.d.

cell concentration

2.48xlO6/ml

2.48xlO6/ml

2.46xlO6/ml

n.d.

2.28xlO6/ml

n.d.

n.d.

2.00xl06/ml

2.30xl06/ml

* n.d.; not determined

* Radiation-source in experiment was CobU.60
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/ T-cell clonal assays prime culture^-fe

HL-60 human cell line-S- <>]•%••%: clonal assay^1

R> 3 3 wB^m^r € ^ > 8 4 ( 3 . 3). ^>^ol ^A}& HL-60

i A A 7<&, 14^, 2 1 ^ 28^ 6H ^Pl^^^r - i - f-^r}^ positive/negative

fe A ^

. 500 rad7>^l5l ^ ^ ^ . 5 . 2iA]-^ HL-60 >flil-^: 3^(21 ̂ )ofl o]H.5l rfl

-Mli^- ^ ^ t b cell mass!- 7l-S-^}$A^, 1000 rad^ 2:X|~|- *}•£- A\]

i f f 4^(28^)^1 E j ^ S positive wells, ^ r ^ ^ ^ r ^̂ >1 # ^ &<>\ 100%

^^-^r ^ 105 cells/well (++)^1^ 3*15}&t)-. o]

HL-60 cellar ol-g-tb clonal assayfe 3^(21^)^1 tifl^yl^ *\%<>\

negative clone# ^d1t*l-7]^-?l: ^ ^ 6-thioguanine(6-TG)5]
1^ {£- 4). tfl^^oil a]tr}o^ Aflî q 3 3 - ^ : 5 ^ M ^ 6-thioguanine^

^-^«l ^l«flsl^^-^/ °lfe €«fl % t negative^

36x4 cell linealX\5. M-B)-^ 6-thioguanine^ /-fli

71̂ 1 *>fe ^o] 4 ^ ° 1 ^ r i : ^ ^ ^ . 6-thioguanineofl

(20//M o]4v) ^ ^ 5 - ^ A - I ^ . 4 7 ^ ^ ^ ^ ^ ^ , 4^(28^)^1

6-thioguanine
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1 3 . r^d 2 ^ } ^ *1*H 4€- HL-60 human cell lineal ^ # - i :
Table 3. Results from survival plating of HL-60 human cell line exposed

to y -radiation

Quantity

of irradiation

0 rad

100 rad

200 rad

250 rad

300 rad

400 rad

500 rad

lOOOrad

Nr. of

well

288

288

96

192

96

96

192

192

Days of estimation

7 14 21 28

+ + + + + +

+ + + + + +

+ + + +

+ + + +

+ + + +

+/- ++ ++

-

* Radiation-source in experiment was Co60.
* Survival plating was cultured with lxl04cells/welI 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 /-irradiation.
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3 . 4. 36 x 4 human cell lineal^ frprt-negative clones-^- 7}%\
<&7] $\$r 6-thioguanine$\ s ^ ^ J E

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

Concentration

of 6-thioguanine

0 juM

5 juM

10 A I M

20/iM

30 fiM

40 / iM

Nr. of

well

96

96

96

96

96

96

Days

7

-

-

-

-

-

-

of estimation

14 21 28

+ + + +

+ + + +

+ + + +

-

-

+ +

* Cells was cultured in standard condition with lxl04cells/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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x}o}7} &£. ^ o j - q - E ^ H , £. ^ o f l ^ 7}^}JL o f̂e cell line

o] -§-•§} clonal assay£) fy?r£ negative cloned

&4- HL-60 cell line (hprt positive)

6-thioguanine^ ^7]-fe # 480 well

Cell lineal ^ ) ^ clonal assay5] 7H :̂̂ r cell line^) ^ - ^ clonal efficiency

°fl ^t!r ^ 1 ^ - ^ : •fr^^-^3 i7>^^-i- 7lrfl§>fe ^o]c}. HL-60 cell (hprt

positive)^ yfl°ol= ^ 6-thioguanine ^7>fe B]]-̂ - aj^- # ^ ^ o ] ^prf negative

cell-i- 3 ^ ^ ] ^ ^^§>3.^> S}±: ^ A S , HL-60 cell34 36x4 cell (hprt

negative) §̂- 6-thioguanine 1- ^7K ^wfl o -̂5r}<̂  36x4 cell^ clonal

efficiency(CE)1- # ^ # } $ T } (S 5). ^ ^ ^ ^ r HL-60 1 x 104 cells/well z\-

36x4 cell 4 ^ I/well, 2/welL 5/well, 10/well# f-§><^ ^ ^ ^ ^ A ^ , o]

^ 8 //MS] 6-thioguanine^- ^71-^- ^^yfl0^ ^ positive/ne

^ ^l^tBs. 100%41 7\77\& CE1-

feeder cells.

3. A > ^ /z/?rt-^-^^H1^1 yo>Al-̂ i §J pentachlorophenol

cffro %rf gene mutation (human in vitro)

Mutation fraction(Mf)fe -In Po •&

°1^/ °1# CE5. iL^Jt!: ^- i - Mutant Frequency(MF)3. ^^l-^^CO'Neill gf

aZ.,1990). o]fe 6-thioguanine^- A>-g-̂ r}ĉ  ^prf-negative?] ^ £ f positive

selection^ ^ A 5 . concanavalin A

«><̂  clone-i: ^^«>?0 §}5i4(Albertini gf a/., 1985). ^tiV^AS. 6^

B] /xprf-positive^
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1 5 . rAd S ^ H ^ Q -4# T-lymphocytes^l mutant frequency # ^
Table 5. Measurement of mutant frequency determined in experiments

of human T-lymphocytes exposed to 7 -radiation

Quantity

of irradiation

0 rad

25 rad

50 rad

100 rad

200 rad

300 rad

Mutant

fraction

2.61X10"6

2.87X10"6

2.67x10"*

2.68X10"6

5.01x10"*

4.87x10"*

Clonal

Efficiency

0.355

0.388

0.339

0.271

0.142

0.089

Mutant

Frequency

7.35xlO"6

7.38xlO"6

7.87xlO"6

9.89xlO"6

35.3xlO"6

54.7xlO"6
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i l l - 6«H Q^g. ^ r t ^ R r ^ l £ ^ ^Bflfe tifl<3= 10^ 6]^6fl^ cloned t§

^S. 3±zt$\9XlL positive wells. ¥p§§r$4 . 4 ^ platel- ^#§]-fe 31 $X

<H round bottom 96 well-plate7|- flat bottom "̂  M.£

positive/negative ¥P§o| ^ 4 z ^ s j - s ) ^ ^ o ] &&£)•.

pentachlorophenol S^Hl $\% human in vitro hprt mutant frequency(MF)

fe 1̂ > prime culture, 2, 3x> subculture, 4*}

(Thioguanine-plate)£| ^ ^ ^ - ^ ^ mutant fraction(Mf)^

o] ^3z]-t

]fe mutant frequency7]-

( S 5). f̂, 100 rad

Mutant Frequency^ ^7>-a

200 rad o]^ .^ | 37 S:X[^ x\z\6\)x\±: ^ ^ e l ^ - lfl fl

MF ^7>1- a.o]j i XI4. y o ^ ^ ^ l ^ - f 0.25

20 ppm^>^l ^ ^ ^ - , clonal efficiency

^-f^ 15

7] A ] ^ } ^ ^ . PCPSl ^ ^ - 2 5 ppmol^o] ^ g j o f l ^ ^2,^ ^ c l o n a l

efficiency7} ^ ^ } 'i^^JL 91^$) ° 1 ^ PCP<5}

, 100 ^ ^

z\z\ ZL background^^^l- V}^ tcfl 750% ^ 500%

5, 6).

human blood lymphocyte^) w
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& 6. Pentachlorophenol(PCP) 2 ^ H £)*}• *\it T-lymphocytes2\ mutant
frequency # ^

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

Quantity

of PCP

Mutant

fraction

Clonal

Efficiency

Mutant

Frequency

0 ppm

10 ppm

15 ppm

25 ppm

50 ppm

100 ppm

3.06X10"6

2.91X10"6

2.78xlO'6

2.38X10"6

2.59X10"6

N.D.

0.379

0.358

0.310

0.161

0.062

N.D

8.04x10-'

8.13xlO-(

14.78xlO"6

41.77xlO"6

N.D.

60Radiation-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 (lxlO6 cells/ml).
Each volume of prime cultures was (5.18ml, each).
CE (Clonal Efficiency) = -In Po / N ; Po = 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 lxlO4 y- irradiated 36x4 cells per
well under nonselection conditions.
Mutant Frequency (MF) = Mf/CE = Mutant fraction / Clonal efficiency ;
Mutant fraction (Mf)= (- In Po in thioguanine-plates) / (1 x 104 cells/well)
1 x 104 mononuclear cells/well used for 6-TG selective conditions(l // g/ml
of medium) with 1 x 104 y -irradiated 36x4 cells per well.
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rfl-§1- mutant fraction, Mutant Frequency$\ linear regression equation

£r ^ ^ &°] 31#£]&4 . Mutant fraction = [ 0.0072 x (rad of

irradiation) + 2.5923 ] x 10"6, Mutant Frequency = [ 0.1688 x (rad of

irradiation) + 1.4167 ] x W6. Hi"$b ^Tl-^l linear regression equation^ tfl

"S} correlation coefficient (r)£: mutant fractional cfl'&'M-c- 0.72595., Mutant

Frequency^ tfl^Hfe 0.95425. T f l ^ M Mutant Frequency7> g.t\-

d\ ^ ^ ^ ^ l o l l 7\v\-^ %±g. M-^lsttq-. olfe Clonal Efficiency

Mutant fractional- U ^ ^ } ^ Mutant FrequencyS. ^

4. y

4.

additiveJL5ZJ-7]-

PCP (15,

synergistic (additive)

hprt -&#*> #^^O1^-6|1A-1 -fr^^ o^fe *].oj^ ^ 1 ^ 1 ^rji ^ c f ( n ^ 3).
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7.00E-05

6.00E-05

5.00E-05

I"
I 4.00E-05
g

* 3.00E-05

I
•3 2.00E-05

l.OOE-05

O.OOE+00

-#-R+15ppra

-&-R+25ppm

a-

0 0.2 0.5 1 2

Dose(Gy)

n ^ 3. A}^ T-lymphocyte# / ^ ( R ) ^ pentachlorophenol(15ppmJ4 25ppm)^-

2§-X\o\) &m-X\i?) $. A}^ hprt -fr3l*]-£] mutation frequencies.

Fig. 3. Mutation frequencies of human hprt gene following y -irradiation(R)

with pentachlorophenol(15 ppm and 25ppm) in human T-lymphocyte.
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metabolism^)-

^ Phenol7l7l-

radicals*

5. RT-PCRo)l

(300 rad)4 PCP(25ppm)

6-thioguanineoll 5 ] ^ % f cell# ^ ^ * H ^ ^ cloned

4, 5).

RT-PCR product^

RT-PCR ^ # 0 ] nVl-cH^^ ^r^ ^4-71- ^7fl S|-fe-T̂  o]

^ ^ m ^ ^ ^ ^ i r^^Ti l^ ^ : ^ ^ 4 f ^ - S . # ^ ^ r ^ ^ l ^ messenger

RNA71- ^>§<H^^1 Q4: ^-f* ^ # 1 " ^r SX^. £fe 5' ^ ^ : ^ 3' ^^h

4 ^ ° 1 I r ^ ^ ^ l S|$M- ^ 6 . 3 . ^ ^ ^ 4 ( 3 , 6, 8, 10 lane).

RT-PCR >tr-i-o] control^ ti|iH^H ^ 4 V ^ productl- >9^*>fe ^4-7> ^

1- ^ Xl^ hprt

hprtS.±^ ^^*>X| ^1^(2, 4, 7, 9, 11 lane).

RT-PCR tf# #<^]fe S-g- 4 4 ^ i product7j- ^

hprt -frQA&i °A^7\ ^ ^ S j ^ T l i ^ splicing

, 12 lane)
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4. 7 ^ 41 hprt RT-PCRS. agarose gel

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

7 -irradiation.

- 4 2 -



1 2 3 4 5 6 7 8 9 10

670bp

5. PCP hprt -n-^^1-1- RT-PCRS. agarose gel

Fig. 5. Agarose gel elctrophoresis of RT-PCR product of hprt gene after PCP

treatment.
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RT-PCR tfl-ol > $ $ ) ] & ^ I H ^ I & & 4 ^ f l | | j

^€ 6 l7> I H ^ M 34HS1 4 ^ A J i M ^ l f e îLJsL ^ 3 € 4 - (2 - 9

lane, lane 1: 3)#)

] | ] i ^ ^ H H I R ^ ^ # ) c f l 10

6. € €-

7K ^ ^ 5 ] ^ > ^ ^ : ^ ^^^1^1 HL-60 human cell line-§-

T-cell clonal assay*

sg-

T-cell clonal assayfe ^ ^ ^ \}ol3E7 ^ ^ ^ S ? l M]

°1 Xi^4. °lfe £- 'ST1 0!!^ ^ T 1 ^ } ^ - cell lineal ^ ^ clonal assay5] 7fl

T-cell clonal

7]

fe synergistic J L ^ I - ̂ ^ ^ 3 1 XI^ ^ ^ 4 . °1^tb °l^S.fe PCP^ rfl

fe- Tetrahydrochloroqunone^l- tetra-
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chlorocatechol(IPCA, 1987; Schwetz et al,

DNA

PCP51 deletion^Bfl 14

basel-

^r exon

• I :
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4 g-

l i ^ DNA ^

. ^-*1 T-cell clonal assay

A\4\ ^ ^ r ^ ^ - ^ - i : ^ ^ tfl^ biomarkerS.

Q PCP

mutation spectrum^^

selection^

reverse transcriptase/polymerase chain reaction-^

^ Al-g-ol
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