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SUMMARY

I. Title

Environmental Radioactivity Survey Data in Korea

II. Objectives and Importance

The objectives of this project are to monitor abnormal radiation level in Korea and to
provide the base-line data on environmental radiation/radioactivity in a radiological
emergency situation. This project is Important in the view of protecting the public health

and safety from the potential hazards of radiation and maintaining a clean environment.

II. Contents and Scope

The measurement of gross beta and gamma radioactivity in the airborne-dust, fallout,
precipitation, and tap water was periodically carried out at 12 Regional Radiation
Monitoring Stations(RRMS) and the gamma exposure rates were measured daily at 12
RRMSs and 25 Unmanned Monitoring Posts(UMP) located in Paekryong island and Ullung
island etc. in 2003. The Central Radiation Monitoring Station(CRMS) at KINS analyzed
monthly an ultra low level radioactivity for artificial gamma emitting nuclides in
airborne-dust, fallout, and rain water collected at CRMS monitoring facilities. Also, the
CRMS quarterly read out TLDs in order to assess the annual effective dose at 27 locations
throughout Korea, and analyzed *H radioactivity in the precipitation which was collected at
12 RRMSs.

To monitor an environmental radioactivity for the surface seawater, it is sampled
biannually from 21 sampling locations with the help of National Fisheries Research and

Development Institute of Korea at neighbouring sea. The radioactivities of 3H, 9OSr, #97240p

and "'Cs in those samples were measured with a-, p-, and V-spectrometry.

Also starch and starch roots, vegetables, fruits, milk products, fishes and shellfishes
and drinking water were sampled around 12 RRMSs and analyzed to ascertain the impact
of the fallout due to nuclear weapon tests or operation of nuclear power plants.

KINS has organized a domestic intercomparison program of radioactivity analysis and

executed it to improve data quality and to maintain data reliability produced by the 12
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RRMSs, 4 NPPs laboratories, several universities, and etc. Furthermore, KINS has been
participating in an international intercomparison program of the reference and the
environmental samples organized by Environmental Measurements Laboratory (EML) of the
United States in order to keep high level analvtical capability and high quality analytical

data.

IV. Results

Gross beta activities in airborne-dust, fallout, precipitation, and tapwater samples from
12 RRMSs carried out in 2003 were in the annual average range of 2,10 ~ 5.83 mBg/m’,
330 ~ 169 Bq/mg—30clays, 769 ~ 344 mBqg/L, and 39.1 ~ 100 mBqg/L respectively, These
ranges are similar to those ranges of 266 ~ 115 mBg/m’, 383 ~ 41.0 Bq/m2~30days.
380 ~ 516 mBqg/L, and 30.9 ~ 115 mBq/L during the last five years, respectively.

The results of gamma spectroscopic analysis for ¥iCs at the 12 RRMSs were <0.454
~ 0668 pBg/m’ for airborne-dust, <0.0176 ~ 00413 Bq/m’-30days for fallout, and
<0.0308 ~ 284 mBg/L for precipitation, respectively. As for the CRMS’s gamma
spectroscopic analysis, the radioactivity for ™'Cs in airborne-dust, fallout and precipitation
samples were <0.979 uBg/m’, <18.1 mBa/m’-30days and <0.0490 mBa/L, respectively. No
other artificial radionuclide was found in these samples.

Concentrations of °H in the precipitation samples at 12 RRMSs and 3 other sampling
locations were in the annual average ranges of 0572 ~ 150 Bag/L, which are similar to
the ranges of 0.406 ~ 2.39 Bq/L during last five years.

The gamma exposure rates measured at the 12 RRMSs and 25 UMPs were in the
annual average ranges of 80 ~ 194 uR/h, which are similar to the ranges of 7.7 ~ 151
UR/h during the last five years. The collective dose rates of 39 locations measured with
TLDs showed the ranges of 0.653 ~ 1.36 mSv/yr with regional differences.

The 137Cs, “Sr and “K concentrations in the monthly raw milk samples around Daejon
were in the range of <17.1 ~ 39.6 mBq/kg-fresh, 115 ~252 mBqg/kg-fresh and 423 ~
86.8 Ba/kg-fresh, respectively.

The radioactivity of "'Cs in drinking water sampled from 60 locations were <0289 -~
561 mBqg/L. It is estimated that most of “"Cs found in the environmental samples were

originated from the frequent nuclear weapons test by China during the 1960s’.
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Ranges of concentration in the surface seawater samples from 21 locations around
Korea were 1.30 ~ 2.47 mBa/kg for 'Cs, 129 ~ 224 mBa/kg for “Sr, 350 ~ 9.89
uBa/kg for “*'*°Pu and 00844 ~ 0583 Ba/L for "H, which are within radionuclide levels
during last five years Korea neighbouring sea.

The results of the intercomparison analysis for environmental samples with EML of
United States, JCAC of Japan and RMTC of China show that KINS keeps high level

capability for the radioactivity analysis.
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E 26 98 vt 7T AWEelIA S EEe And dlWw
(&9 : mBg/m®)
214 .

o ME | &d | did | A 35| g7 | R AT 3E|ds | =9 | ZAF
1963 91.0 ~ - - - - 592 | 170 184 - - -
1964 32.6 - - - - - 13.1 | 377 | 37.2 - - -
1965 20.4 - - - - - 226 | 148 | 163 - - -
1966 111 - - ~ - - 346 718 | 6.36 - - -
1967 28.1 - - - - - 115 | 518 | 10.7 - - -
1968 6.66 - - - - - 555 | B55 | 592 - - -
1969 518 - - - - - 518 | 592 | 592 - - -
1970 518 - - - - 370 | 555 | 518 | 592 - - -
1971 18.1 - 6.29 - - 370 | 962 | 148 | 148 - - -
1972 9.25 - 7.03 - - 259 | 386 | 1.85 | 1.85 - - -
1973 481 - 3.70 - - 259 | 3.70 | 1.85 | 1.85 - - -
1974 133 - 3.70 - 333 | 407 | 370 | 481 | 3.70 - - -
1975 518 - 2.22 - 185 | 222 | 1.11 | 333 | 2.22 - - -
1976 189 - 7.40 - 222 |1 296 | 296 | 444 | 592 - - -
1977 707 - 592 - 444 | 222 {0370 259 | 444 - - -
1978 4.44 - 3.70 - 6.66 {0740 | 296 | 481 | 2.22 - - -
1979 2.96 - 3.33 - 3.33 10740 333 | bh5 | 2.22 - - -
1980 1.85 - 2.22 - 1.11 | 370 1 6.29 | 296 | 296 - - -
1981 481 - 4.07 - 0740 703 | 215 | 407 | 4.07 - - -
1982 2.00 - 7.70 ~ 740 | 105 | 460 | 840 | 188 - - -
1983 6.84 - 4,88 - 596 | 844 | 347 | 334 | 9.07 - - -
1984 6.02 - 2.71 - 404 | 678 | 253 | 318 | 956 - - -
1985 463 - 1.45 - 279 |1 395 | 318 ~ 4.27 - - -
1986 8.10 - 7.40 - 500 | 640 | 870 | 9.80 | 4.40 - - -
1987 9.70 - 7.20 - 1077 | 860 | 450 | 6.20 - - - -
1988 253 1 311 | 233 - 250 1332119 | 214 | 3.00 - - -
1989 170 | 699 | 219 | 3.72 | 3.23 | 428 | 255 | 242 - - - -
1990 128 | 135 | 163 | 108 | 10.2 | 11.4 | 9.43 | 893 - - - -
1991 144 | 142 | 166 | 127 | 126 | 144 | 11.1 | 13.1 - - - -
1992 137 1 140 | 138 | 114 | 953 | 120 | 857 | 11.3 - - - -
1993 178 | 132 | 144 | 11.7 | 108 | 651 | 7.72 | 857 - - - -
1994 151 | 114 | 148 | 125 | 806 | 553 | 470 | 528 | 873 - - -
1995 883 | 145 1169 | 188 1 822 | 109 | 527 | 695 | 813 - - -
1996 639 1 106 | 104 |1 991 1 672 | 994 | 441 | 583 | 837 - - -
1997 957 | 101 | 125 1 850 | 794 | 905 | 452 | 274 | 759 | 129 - -
1998 772 1 982 | 912 | 596 | 746 | 6.13 | 402 | 3.87 | 6.21 | 6.82 - -
1999 528 | 864 | 788 | 696 | 854 | 511 | 531 | 296 | 569 | 587 - -
2000 585 | 745 | 840 | 830 | 115 | 753 | 487 | 392 | 532 | 648 - -
2001 6.04 | 687 | 934 | 628 | 691 | 630 | 266 | 277 | 457 | 535 - -
2002 586 1 683 | 689 | 585 | 512 | 6.15 | 340 | 3.01 | 488 | 512 - -
2003 437 1 504 | 501 | 369 | 4221 495 | 339 | 210 | 390 | 583 | 505 | 542

F 1) 1963 ~ 1989y g+ AlgAd F 12041 A & =43
2) 1990 ~ 20029 A aEt ANEAY F 4821 A F S gk
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E 27 20039 % FV|RFR Aue s E A9y 9973t
(%9 © mBg/m°)
A9 e |24 | gad | 240 | 35 | o7 | 5| A% | 22 | a5 | 59 | 32
1 531 | 546 | 537 | 318 | 459 | 621 | 429 | 1.79 | 245 | 767 | 620 | 502
2 440 | 479 | 490 | 405 | 510 | 560 | 448 | 228 | 260 | 565 | 621 | 537
3 3.86 | 550 | 4.74 | 426 | 457 | 450 | 3.07 | 2.14 | 337 | 623 | 620 | 5.10
4 400 | 454 | 398 | 357 | 438 | 409 | 248 | 194 | 467 | 457 | 474 | 430
5 529 | 627 | 518 | 349 | 442 | 533 | 350 | 225 | 551 | 568 | 522 | 595
6 366 | 405 | 418 | 301 | 336 | 425 | 281 | 248 | 467 | 363 | 548 | 453
7 247 | 287 | 222 | 145 | 1.67 | 1.94 [0805| 153 | 264 | 194 | 3.04 | 2.73
8 299 | 331 | 3.03 | 196 | 242 | 305 | 1.70 | 2.12 | 344 | 3.11 | 3.08 | 367
9 419 | 368 | 383 | 305 | 367 | 358 | 279 | 196 | 374 | 457 | 419 | 431
10 544 | 680 | 833 | 577 | 645 | 784 | 584 | 274 | 558 | 103 | 647 | 7.69
11 552 | 624 | 730 | 518 | 612 | 752 | 525 { 200 | 428 | 892 | 493 | 750
12 480 | 734 | 657 | 498 | 375 | 560 | 364 | 190 | 326 | 7.19 | 496 | 7.99
b 437 | 504 | 501 | 369 | 422 | 495 | 339 | 210 | 390 | 583 | 505 | 542
Z (o)} 201 | 268 | 3.05 | 231 | 3.07 | 350 | 298 | 1.11 | 227 | 387 | 218 | 280
Z & 114 | 134 | 152 | 125 | 144 | 182 | 172 { 630 | 133 | 21.7 | 118 | 181
Z3 2 | 08200406 [ 0.282 | 0.097 | 0.102 | 0.226 | 0.179 | 0.194 | 0.474 | 0.446 | 0.481 | 0.803
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1963 431 = - - - - 370 | 345 | 334 - - -
1964 524 - - - - - 266 | 541 | 415 - - -
1965 109 - - - - - 977 | 999 | 93.2 - - -
1966 3310 - - - - - 259 17990 | 20.0 - - -
1967 344 - - - - - 107 | 424 | 214 - - -
1968 83.8 - - - - - 322 | 566 | 355 - - -
1969 144 - - - - - 2718 | 27.8 | 266 - - -
1970 111 - - - - 466 | 233 | 17.8 | 255 - - -
1971 155 - 55.5 - - 433 | 133 | 21.1 | 167 - - -
1972 99.9 - 48.8 - - 389 | 42.2 | 433 | 366 - - -
1973 83.8 - 24.4 - - 48.8 | 108 | 144 | 120 - - -
1974 438 - 36.6 - 278 | 455 | 200 | 41.1 | 477 - - -
1975 22.2 - 23.3 - 167 | 155 | 17.8 | 30.0 | 278 - - -
1976 34.4 - 1422 - 555 1 211 | 999 | 133 | 278 - - -
1977 58.8 - 17.8 - 40.0 | 133 | 266 | 289 | 389 - - -
1978 55.5 - 777 - 222 | 222 | 555 | 777 | 144 - - -
1979 44.4 - 77 - * 2221 200 | 555 | 133 - - -
1980 222 - 3.33 - 333 | 122 1 999 | 222 1 189 - - -
1981 8.88 - 12.2 - 555 | 266 | 200 | 666 | 31.1 - - -
1982 29.4 - 12.3 - 222 | 204 | 312 | 201 | 144 - - -
1983 {225 - 20.0 - 741 | 224 1 202 | 331 | 275 - - -
1984 30.7 - 8.13 - 214 1 211 | 131 | 423 | 29.0 - - -
1985 23.3 - 16.3 - 237 | 1577 | 13.0 | 271 | 183 - - -
1986 19.2 - 20.1 - 705 1 909 1 121 | 31.2 | 177 - - -
1987 209+ - 22.0 - 821 | 10.7 | 17.7 | 60.0 | 25.0 - - -
1988 254 1 925 | 204 - 9.16 | 169 | 19.1 | 333 | 324 - - -
1989 213 1405 163 | 1.95 | 442 | 781 | 205 | 145 | 18.1 - - -
1990 126 1246 | 174 1134 | 162 | 261 | 7.86 | 569 - - - -
1991 16,1 | 229 | 136 | 223 | 599 | 620 | 146 | 834 - = - -
1992 200 | 151 | 650 | 139 | 469 | 461 | 143 | 398 - - - -
1993 102 | 190 | 232 | 813 | 0582] 1.30 | 21.3 | 243 - - - -
1994 330 | 212 ;834 | 143 | 0.220| 567 | 154 | 0618] 4.73 - - -
1995 0170 1935 | 117 1 105 | 1.02 { 113 | 135 | 3.87 | 6.06 - - -
1996 1 115 | 187 | 151 | 143 | 476 | 862 | 727 | 263 | 547 - - -
1997 264 0169 | 166 | 146 | 315 | 125 | 699 | 517 | 216 | 325 - -
1998 183 | 196 | 147 | 146 | 124 | 136 | 901 | 641 | 225 | 197 - -
1999 11.0 | 139 | 122 | 180 | 557 | 129 | 179 | 102 | 176 | 11.7 - -
2000 283 | 474 0151 ] 210 | 11.2 | 123 + 112 | 148 | 23.0 | 108 - -
2001 155 438 102 | 884 | 121 | 646 | 165 | 17.1 | 266 | 174 - -
2002 119 | 383, 104 | 878 | 455 | 822 | 176 1 188 | 41.0 | 121 - -
2003 115 | 330 | 672 | 7.37 | 3.70 | 1 580 1 122 1 168 | 169 | 389 | 7.92 | 7.15

1) 1963\ ~ 19894 Atg &= Algajd = 120/\]/]' B T 2T
2) 1990 ~ 2003 AtE e ARAF T 48Xz AT T =AE gt
3) *& 'Zero or trace' & 2 n} 3t
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# 29% 20039 e ek AsEEe B AFFLS AGAR wIH Aot o4
of dxl AME WASEE 2845 % RNERES FUAoR PR 2 o9 20030 @
Fob Seletel A G AMErEAs 99l ol AFE YW 2o A

F 29 20039 % =X e WAlssE Agd 99 d g

(&4]  Bg/m*-30days)

R A R A e S AR
1 235 | 535 | 578 | 101 [ 0378 | 824 | 596 | 31.0 | 50.1 | 885 | 324 | 4.78

2 121 | 220 | 716 | 10.1 | 0576 | 658 | 696 | 13.8 | 36.0 | 348 | 507 | 560

3 122 | 421 | 899 | 528 | 135 | 734 | 139 | 204 | 107 | 105 | 7.74 | 4.82

4 136 | 465 | 677 | 785 | 271 | 699 | 139 | 234 | 382 | 579 | 115 | 838

5) 104 | 1650 | 977 | 698 | 390 | 558 | 196 | 155 | 436 | 411 | 978 | 154

6 137 | 341 | 455 | 546 | 0368 | 4.66 | 801 | 131 | 4.04 | 422 | 426 | 867

7 967 | 312 | 601 | 723 | 527 | 533 | 9.05 | 139 | 399 | 398 | 1.55 | 293

8 114 | 273 | 922 | 990 | 818 | 638 | 166 | 148 | 417 | 486 | 207 | 431

9 650 | 1.30 | 5.88 | 408 | 0461 | 529 | 250 | 123 | 6.03 | 437 | 2.16 | 565

10 728 1 136 | 391 | 454 | 448 | 393 | 147 | 158 | 154 | 824 | 6.72 | 6.61

11 708 } 175 | 568 | 544 | 329 | 439 | 859 | 11.1 | 124 | 686 | 6.68 | 10.9

12 999 | 8OO | 795 | 115 | 1.25 | 483 | 361 | 167 | 178 | 546 | 5.10 | 7.71
At 115 | 330 | 672 | 737 | 370 | 580 | 122 | 168 | 169 | 589 | 792 | 7.15
MEE(lg) | 43 | 191 | 184 | 240 | 375 | 126 | 60 | 54 | 151 | 215 | 7.94 | 327
AEH | 235 | 800 | 977 | 115 | 135 | 824 | 25.0 | 31.0 | 50.1 | 105 | 324 | 154
Az | 650 | 130 | 391 | 408 | 0368 | 393 | 361 | 11.1 | 3.99 | 348 | 155 | 293

A9 AT dwebdabs s s oM 71 2 769 mBa/Le A 5ol
A M S 344 mBa/L FEOIUT ol HI 5dte] AR wWE WA 380 ~ 546
mBa/L 2 A<l Hl$=d FFol At

#2102 A7 FaxY Z A FE] gt AH TS 19633 5-E 2003 7+
A AxEZ vagk Ao 1990d 73w AEAHFE 12007 AR F FAHGH, 19149 e
e s AA A WA S A HGERMON) Sl B ae] wel A543 F 48417 %A 5 &43%

golth, ehA FRFAR vhAVAR 45 AYAA wn Gt Yo FEaze] JBA

off
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210 %8 v AeFe AdEgAs vE9 A5E Hl
(&4 : Ba/L)

Wl A A | EH | uE | TR B A | A AF A | g | Y | AF
1963 62.5 - - - - - - - - -
1964 33.7 - 12035 - - - - - = -
1965 1.85 - 2.59 - - - - - - -
1966 3.7 - 69.9 - - - - - - -
1967 0.74 - 0.37 - - - - - - -
1968 1.11 - 0.37 - - - - - - -
1969 1.11 - 0.37 - - - - - - -
1970 0.74 - 1.11 - - - - - - -
1971 2.96 - 2.59 - - 0.74 - - - -
1972 3.70 - 1.48 - - 0.37 | 0.37 - - -
1973 1.48 - 159 - - 037 | 1.11 - - -
1974 1.85 - 0.74 - 148 | 0.37 | 0.74 - - -
1975 111 - 0.37 - * 0.37 | 0.74 - - -
1976 2.96 - 0.37 - * 0.37 | 0.37 | 0.37 - -
1977 1.48 - 0.37 - * 037 | 0.74 | 0.37 - -
1978 111 - * - * * 0.74 | 0.37 - -
1979 0.37 - * - * * * 0.37 - -
1980 0.74 - * - * 0.37 | 0.37 * - -
1981 0.01 - 0.23 - 0.04 | 050 | 1.15 | 0.01 - -
1982 0.40 - 0.60 - 0.90 | 0.80 | 0.20 | 0.30 - -
1983 0.17 - 0.27 - 032 | 015|024 | 035 - -
1984 0.31 - 0.18 - 0.07 | 0.11 | 025 | 0.03 - -
1985 0.23 - 0.13 - 0.15 ] 001 | 0.03 | 0.39 - -
1986 4.00 - 1.10 - 1.70 1 0.40 + 0.05 | 0.80 - -
1987 - - - - - - - - - -
1988 038 | 1.10 | 043 - - 0.26 | 0.04 | 0.14 - -
1989 021 | 0.16 | 0.26 | 0.44 - 0.16 | 0.09 | 0.04 - -
1990 0.08 | 0.38 | 0.11 | 0.52 - 0.12 | 0.07 | 0.03 - -
1991 036 | 030 | 0.16 | 046 | 0.20 | 0.03 | 0.07 | 0.44 - -
1992 045 | 030 | 0.11 | 028 | 0.10 | 0.10 | 0.14 | 0.15 - -
1993 0.15 | 017 | 0.08 | 0.11 | 0.10 | 0.05 ; 0.06 | 0.01 - -
1994 0.13 | 0.11 | 0.18 | 0.09 | 0.09 | 0.07 | 0.08 | 0.09 | 0.13 -
1995 010 | 019 | 0.18 | 0.19 | 0.07 | 0.11 | 0.07 | 0.12 | 0.21 -
1996 027 | 006 | 022 | 0.10 | 0.03 | 0.08 | 0.15 | 0.04 | 0.09 -
1997 0.16 | 0.07 | 0.09 | 0.08 | 0.05 | 0.14 | 0.08 | 0.09 | 0.07 | 0.05
1998 0.111 [0.0854/0.08910.0630| 0.269 |0.0607{0.0380{0.0820,0.0715/0.0742
1999 0.106 |0.0601{0.0853{0.0948 0.233 |0.0702/0.0442|0.05633]0.0511} 0.121
2000 0.285 | 0.205 | 0.226 | 0.134 1 0.273 |0.0864| 0.153 | 0.102 | 0.197 | 0.192
2001 0.284 1 0.122 | 0.388 | 0.456 | 0.375 | 0.215 0.290 | 0.187 | 0.514 | 0.230
2002 0.317 1 0.172 1 0.546 | 0.447 | 0.16510.113 | 0.117 | 0.178 | 0.372 | 0.202

: 2003 1 0.230 1 0.104 | 0.233 | 0.218 |0.0858| 0.111 |0.0769| 0.147 | 0.263 | 0.152 | 0.199 | 0.344

) 1.19639 ~ 19909 g Ay T 12048 A & &HE g
1991 ~ 2003¢ A= AlgAdd F 48417 A = S5 @
2. 1961 5-E 1980 7+A] AR e ‘98] vhel S EAbA 2
el steAe=EF (A208, 1981 d) A 1E-F
3. x¥ Zero or traced < uld
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SEmol WY BAAEE AQEe Fstel Pishgo
oldel 44 WME PATEE FYAn Y PAARESS FYHoL FEd ¥ o 2003

ogseet -2 vetelM FaeFel dulghals F99 od o) A= gldw Aoz

(¢ mBag/L)

ux S I R RS e S e e e R S L e I e N A e

CLIs

1991 80 60 70 50 50 20 70 70 - - - -
1992 90 30 70 50 30 30 70 50 - - - =
1993 120 | 170 50 50 60 40 80 10 - - - -
1994 100 60 70 70 60 90 80 10 50 - - -
1995 70 50 90 70 60 110 | 120 | 100 80 - - -
1996 40 40 90 70 30 100 | 130 40 70 - - -
1997 325 | 346 | 760 | 650 | 177 | 18 | 129 | 867 | 36.0 | 80.3 - -
1998 833 | 365 | 83.0 | blb | 893 | 104 | 132 | 748 | 43.2 | 109 - -
1999 757 1 309 | 725 | 713 | 639 | 97.7 | 101 | 60.7 | 332 | 8.0 - -
2000 792 | 26 | 792 | 628 | 786 | 995 | 112 | 768 | 44.1 | 8.0 - -
2001 684 | 412 | 89.7 | 514 | 682 | 90.7 | 109 | 978 | 422 | 81.2 - -
2002 712 | 381 | 105 | 549 | 654 | 41.7 | 115 | 871 | 473 | 825 - -

2003 69.3 | 391 | 786 | 521 | 404 | 409 | 84.0 | 81.3 | 4677 | 741 | 758 | 100
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213 2003 = A Aee rbess AGE dEd g

O 0 =3 G O A W Ny -

FH A | T4 FE | AT R AR | 4F | aE | +9
314 | 781 | 50.2 | 58. 423 | 107 | 781 | 753 | 698 | 856
440 | 879 | 52.0 | 43

453 | 87.3 | 51.7 | 54 427 | 121 | 102 | 69.0 | 79.8 | 62.1
339 | 782 | 546 | 42. 293 | 925 | 593 | 431 | 748 | 755
419 | 881 | o085 | 444 | 293 | 736 | 773 | 399 | 83 | 79.1
417 | 779 1 577 | 351 | 379 | 848 | 881 | 362 | 812 | 506
277 | 740 | 521 | 356 | 349 | 662 | 869 | 353 | 655 | 906
625 | 958 | 598 | 26.8 | 40.7 | 295 | 734 | 363 | 89.8 | 105
347 | 735 | 423 | 351 | 380 | 353 | 80.1 | 30.7 | 69.0 | 786
372 1 632 | 465 | 357 | 426 | 883 | 90.8 | 415 | 581 | 626
43.0 | 621 | 50.0 | 262 | 522 | 846 | 796 | 486 | 59.3 | 63.0
323 | 799 | 51.2 | 436 | 40.7 | 128 | 82.1 | 426 | 73.0 | 80.8

=
2
91638 | 974 | 760 | 622 | 847 | 659
3
5

391 1 786 | 521 | 404 | 409 | 840 | 813 | 467 | 741 | 758

151 | 135 | 107 | 159 | 121 | 359 | 21.9 182 | 201 | 193

103 1 105 | 939 | 93.1 | 867 | 151 | 135 | 107 | 125 | 120

119 E 478 | 286 | 108 1 21.0 | 187 | 363 | 225 | 41.3 | 336
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A 127 AEA Lo E nAFHF/IAAY] (High Volume Air Sampler)& ©] €31
Stsot 7R /30E8 "R Q¥ & A2t dEy] 2 dFFaEArE vt
Azo el ALEAL FHAT.  nAATVIAYNR dFES AMYTE FUIFE oF
30,000m* A xoln WCso] W #AE8eX(MDA)E W 1 uBy/m’ &tk ¥ 2.14& F
NEFAZe AFWALAAFA TCsol el BAME ARE HYF Aoz FEYHSE
<0454 ~ 0668 uBg/m® ol em iCs o192 AFHAY AFL HEHA FUAh ol Ul
71%o] 19609 Al ZEe Adsagd 7oA YiCso] Fnjg EAsm glon, FA F A
HA EAo o RH7e o] e Alv]o] MDA o422 HEHJULD Aot

E 214 20039 % A FrR431F YCs HASEE

(&4 uBg/m®)

Ae | 2 | A B2 BE g | 2 | AF | 2% | 2% | 9 | 3F
<MDALI<KMDA|<MDA | <MDA |[<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
<MDA | <MDA|<MDA|<MDA |<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
<MDA|<MDA | <MDA|<MDAI<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
<MDA|<MDA|<MDA | <MDA |[<MDA| <MDA | <MDA | <MDA | <MDA | 0668 | <MDA | <MDA
<MDA|<MDA|<MDA |<MDA|<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
<MDA/|<MDA|<MDA |<MDA |<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA [ <MDA
<MDAI|<MDA|<MDA|<MDA|<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
<MDA [<MDA|<MDA | <MDA [<MDA!| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
<MDA | <MDA |<MDA |<MDA |[<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
10 | <MDA|<MDA|<MDA|{<MDA |<MDA| <MDA | <MDA | <MDA | <MDA | <MDA { <MDA | <MDA
11 i <MDA|<MDA|<MDA|<MDA |<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA
12 |<MDA |<MDA | <MDA | <MDA |<MDA| <MDA | <MDA | <MDA | <MDA | <MDA | <MDA | <MDA

o

w N

O 0 NN 3y O A

<MDA ) HAZHZ83A(MDA) olste gtz #Add z g
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@H AUt s BAL Bsbel 34 /1A% AAUAYHE Beo] tsiAm @

E 2158 7250 ALIAYEA Beo] dalA BHY 295 gew Aow

2003 % 58] detel M FI1RFAF] Be ¥EEIE W 0745 ~ 479 mBy/m*A 5 U

(&9 : mBg/m®)

LR N R I e R N B = IS ) S (R
1| 248 1 273 | 219 1 401 | 1.79 | 239 | 222 | 262 | 234 | 261 | 249 | 298
2 1240 292 | 239|394 190 | 228 | 3.23 | 290 | 281 | 253 | 2.44 | 270
3 1280|314 262|479 177 | 355 | 326 | 312 | 299 | 297 | 251 | 3.13
4 1327|339 | 331|457 | 133|320 | 264 {302 | 322|313 265 | 319
5 | 306 378 | 3.02 | 342 | 145 | 329 | 283 | 248 | 291 | 292 | 263 | 2.95
6 1220 235 273|401 | 1.18 | 312 | 264 | 234 | 243 | 225 | 206 | 277
71 142 ] 1.35 | 1.29 | 156 |0.763 | 1.67 | 1.16 | 0951 | 1.29 | 0915 | 1.20 | 1.43
8 189 | 185 | 1.68 | 236 | 0.875| 208 | 1.87 | 1.24 | 1.83 | 0801 | 0.895 | 1.96
9 | 2311233221 | 299|131 | 241 | 197 | 213 | 219 | 0745 | 174 | 2.17
10 | 239 | 241 | 255 | 364 | 1.45 | 362 | 294 | 269 | 286 | 1.18 | 2.08 | 2.76
111201 | 177 | 223 | 397 | 156 | 339 | 306 | 262 | 237 | 1.14 | 154 | 296
121222 | 239 | 225 | 342 | 147 | 326 | 247 | 250 | 284 | 120 | 1.23 | 1.95
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0.0209

<MDA
0.0339

<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA

<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
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<MDA
<MDA
<MDA
<MDA

<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA

<MDA | <MDA | <MDA | 0.0178

<MDA | <MDA | <MDA | 0.0277

<MDA | <MDA | <MDA | <MDA

<MDA | <MDA | <MDA | <MDA

<MDA | <MDA | <MDA ! <MDA

<MDA | <MDA | <MDA | <MDA

<MDA | <MDA | <MDA | <MDA

<MDA | <MDA | <MDA | <MDA

<MDA | <MDA | <MDA ;| <MDA

<MDA | <MDA | <MDA | <MDA

<MDA | <MDA | <MDA | <MDA

<MDA | 0.0236 | <MDA | <MDA

<MDA
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<MDA
0.0388
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<MDA
<MDA
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0.0413

<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
<MDA
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FEol A 4 AMEFALM HA4 FRFe YCsH Be, Kol dE A

4g +38 ARE dEABAE P AGE2 Feiste 20,

ne
)
o
g
o
M

1%

¥ 217 2003 % Agd 423 Be YA 5L

(&% Bg/m’-30days)

4 [(ME | #d | WA | 2 [ BF | D | B AT | 32E | 4% | =Y | 35
1 | 155753 | 605 | 538 | 266 | 489 | 363 | 301 | 696 | 7.87 | 866 | 4.40
2 1163|335 815 | 154 [ 605| 567 | 104 | 233 | 190 | 774 | 361 | 264
3 1130|503 | 95 | 673 |965| 941 | 139 | 242 | 114 | 136 | 511 | 509
4 | 355|534 | 138 | 154 |432 ] 169 | 194 | 242 | 102 | 157 | 677 | 847
5 | 168 | 384 | 776 | 160 | 217 154 | 213 | 201 | 129 | 162 | 385 | 563
6 [ 330|594 | 125|107 | 129 | 706 | 112 | 191 | 174 | 146 | 463 | 11.1
7 | 282|153 | 233 | 212 | 666 | 146 | 161 | 195 | 141 | 116 | 492 | 821
8 | 261|923 | 182 | 139 [0549| 145 | 929 | 154 | 109 | 119 | 445 | 885
9 | 108 | 499 | 760 | 963 [0.734| 917 | 191 | 744 | 675 | 628 | 278 | 519
10 1685 | 138 | 363 | 438 | 770 | 446 | 344 | 112 | 662 | 488 | 196 | 322
11 | 137 | 307 | 691 | 612 | 615| 663 | 678 | 177 | 942 | 579 | 388 | 656
12 | 619 | 302 | 683 | 184 | 783 | 575 | 396 | 338 | 7.18 | 525 | 348 | 356

E 218 20039 Xgd IF YK LAl w

(&9] : Bg/m*~30days)

Mg 2H dd | F | BF | UF | 3 AR | 3% | 98 | 59 37
19 | 290 {0.969| 0630 | 0642 | 3.04 | 607 | 240 | 883 | 3.82 | 440 | 2.92 | 143
29 [335(0963| 258 | 221 | 1.06 | 489 | 353 | 7.77 | 236 | 1.30 | 1.40 | 1.70
39 | 465 | 148 | 259 | 0385 | 268 | 256 | 761 | 869 | 291 | 400 | 151 | 257
49 | 458 | 1.30 | 283 | 0.870 | 116 | 344 | 774 | 109 | 280 | 287 | 214 | 2.12
59 | 449 [0945| 411 | 3.00 |<MDA| 440 | 151 | 889 | 1.89 | 203 | 762 | 2.78
64 | 3.38 |0614] 239 |<MDA| 0427 | 158 | 547 | 105 | 1.59 | 1.06 | 1.39 | 3.01
79 | 151 [0518| 129 [<MDA| 0482 |<MDA| 3.38 | 962 | 0.797 | 0.737 | 0.472 |[<MDA
89 10593/|0.293| 229 | 166 |<MDA| 265 | 933 | 896 | 1.24 | 1.16 | 0.683 | 0574
99 | 1.14 |0392| 167 | 190 |<MDA|<MDA| 180 | 7.72 | 1.95 | 0.339 | 0.942 | 0.936
109 | 233 10322] 269 | 134 | 136 | 360 | 7.75 | 888 | 847 | 0968 | 209 | 6.42
114€ | 2.28 |0489| 257 | 0.869 | 261 | 386 | 390 | 595 | 807 | 0536 | 1.05 | 1.84
129 | 3.03 | 208 | 206 | 1.17 | 245 | 298 | 229 | 7.30 | 102 | 140 | 0.808 | 1.41

<MDA ) H2HZsdA(MDA) ©|3ty o2 A" g
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FE 220 2003d % A4

@9 ¢ mBg/L)
dME | & | dd | 2| 25 | Ay | B AF | B O | oY 3T
111790 ) 290 | 128 | 675 | 838 222 202 | 1290 | 1780 | 209 628 737
21 706 | 739 | 905 | 1010 | 180 670 | 1120 | 1420 | 2570 | 433 | 2380 | 822
3 | 1360} 1400 | 1020 | 1360 | 436 | 1150 | 979 954 | 2250 | 107 | 1200 | 1110
41568 | 318 | 879 | 905 | 447 787 | 1440 | 584 | 1370 | 129 769 760
5| 281 | 206 | 589 | 1010 | 169 553 536 697 393 119 439 570
6 | 815 | 1230 | 333 | 386 107 196 238 251 722 160 593 180
71218 | 300 | 349 | 334 | 237 352 269 471 72.1 218 418 346
31 195 | 448 | 376 | 487 | 209 384 336 o00 | 375 | 994 | 207 362

289 | 325 | 292 | 340 | 160 | 714 257 375 621 88.8 141 198
10| 1280 | 1190 | 1320 | 1120 - 1820 | 766 709 | 1300 | 377 919 956
11| 685 | 830 ; 2630 | 1390 | 372 720 | 1320 | 1980 | 1410 | 832 155 | 1410
12 546 | 249 : 3700 | 4630 | 841 | 1840 - 2930 | 326 624 748 | 1910
<MDA ) HAH &8I (MDA) ol&te] gtoz #4dd A8

=)

ZEAE ANH B

#* 221 20039 Aled G

(&9 mBa/L)

42 -

g4 ME | 2| dA | 2| BF | A | B | AF | ZE | OF | F9 [ HF
1 \<MDA} 147 |<MDA| 556 |[<MDA|<MDA|<MDA| 139 | 369 | 101 113 | 295
2 | 316 | 189 |[<MDA| 912 | 452 | 145 | 185 | 7.27 | 378 | 875 | 554 |229
3 | 577 |[<MDA|<MDA|<MDA| 435 | 193 | 20.0 | 378 | 222 | 753 |<MDA| 239
4 | 136 |[<MDA|<MDA| 803 | 11.2 | 131 149 | 370 | 918 | 412 | 635 1919
5 | 827 |<MDA| 6.90 166 | 475 | 485 | 147 | 780 | 633 | 405 | 6.68 |4.02
6 | 150 | 737 | 391 4.28 [<MDAI<MDA| 942 | 3.04 | 526 | 188 | 927 | 315
71 392 |<MDA| 1.15 | 251 |[<MDA; 214 | 150 | 546 | 133 |<MDA|<MDA| 1.03
C 8 | 109 | 204 | 38 |<MDA|<MDA|<MDA|<MDA| 381 | 238 | 828 |<MDA|2.31
9 | 336 | 363 | 215 |[<MDA|<MDA|<MDA| 19.7 | 800 | 501 |[<MDAI<MDA| 7.89
10 | 288 [<MDA| 488 104 - 333 |[<MDA| 880 | 344 |<MDA| 264 {659
11 [<MDA| 735 | 226 | 214 | 523 597 | 50.7 | 564 | 177 |<MDA| 7.31 |202
12 |[<MDA|<MDA| 528 |<MDA! 608 |<MDA| - 244 |[<MDA|<MDA|<MDA| 424
<MDA ) # 43 &3gA(MDA) olste] @oz FAHE 2x7
- ) AEAs A BT



3. ZuAojMEF WSZAl A1

200338 1274 AWEHa W 21 BolEAAE P A% 337 RUHATAEA 2
ABARAAAEFABIERNe) S Fohe] At A5H 02 7] - £ 2008 $-9
Yetel RAuAde AW 99w INPeAEE 297 H2 80 WRAMER)NA Ho

194 uR/h(F )2 YEtsker, o]z A e kel wE Aatolr 7]E AR el thefA
Ry

ovt, dF ALE gol 2 WEFL UPW A9 9t Qo Hol frtetlMd B A

Mgl ol AFZE Y Aoz wdtdrh X 224% 2003 Tol&FA A 2170 Al o

(&4 - p/h)

AT~ [ Mg 23 | 9a | F4 | B3 | BT | 20| AF | FF | I5 | 59| A
1991 136 (149 | 134 | 1568 | 116 | 11.1 | 100 | 9.0 - - - -
1992 1341145 {133 | 159 | 116 | 11.0 | 92 91 - - - -
1993 144 | 148 | 122 | 164 | 115 | 108 | 91 9.4 - - - -
1994 143 | 153|122} 159 | 11.3 | 11.2 | 95 95 | 117 - - -
1995 1511158 1122 163 | 116 | 119 | 94 99 | 124 - - -
1996 132 1140 | 11.7 | 146 | 114 | 105 { 101 | 77 | 100 - - -
1997 1171129 11.8 | 146 | 123 | 109 | 99 76 | 115 | 98 - -
1998 1171125 | 114 |} 151 | 125 | 109 | 9.8 82 | 114 | 98 - -
1999 123 1143 121 | 144 | 126 | 11.1 | 106 | 83 | 123 | 101 - -
2000 1221142 1211 143 | 126 | 110 | 104 |} 83 | 120 | 10.1 - -
2001 119 143|119} 141 | 126 | 109 | 104 | 82 | 119 101 - -
2002 11.8 1138|122 139 | 125 | 109 | 103 | 82 | 120 | 11.2 - -
2003 1211137124 | 138 | 124 | 109 | 104 | 81 119 | 11.3 | 158 | 129

* ) 20039 FAH HA4A
) 2Aa vey
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X 223 2003d% AWSAre FUAAAHE dF T
(49 uR/h)

21 A & dd T FF g B AsF FE g osY HF
14 120 137 126 137 122 112 107 82 11.7 113 158 122
24 119 135 126 139 123 110 106 82 120 112 156 125
34 11.8 137 125 140 124 109 105 82 125 113 158 129
44 118 137 124 139 126 109 104 81 124 114 159 131
54 117 139 123 138 125 108 103 &1 123 113 160 131
64 11.8 138 123 137 125 107 101 81 118 11.3 162 13.2
74 122 137 122 136 124 107 103 81 11.7 112 158 130
3¢ 122 136 120 135 123 106 99 81 118 11.1 158 130
94 122 134 119 135 121 105 100 80 117 111 157 128
10¢ 123 138 125 140 125 110 106 &80 118 115 160 131
e 124 137 126 140 124 109 106 82 118 114 159 130
124 124 138 126 141 124 110 106 80 117 113 157 128
At 121 137 124 138 124 109 104 81 119 113 158 12.9
HAH(10) 0.2 0.1 0.2 0.2 0.1 0.2 0.2 0.1 0.3 0.1 0.2 0.3
AzHdy | 137 154 146 153 141 118 11.7 104 145 127 178 148
AZFFHA | 115 128 116 129 117 103 93 76 102 108 152 117




® 224 2003d% ol&AH A9 FAvNSEE AWt
(49 : uR/h)
2) 42 =% #HE JE Mal "F BE¥X MR AF eA =2Iy
=
1 10.0 7.8 154 131 119 119 8.4 108 113 10.6
2 11.0 7.9 152 134 122 119 8.4 107 112 10.7
3 11.0 7.8 15.2 134 12.2 119 8.3 10.7 112 10.7
4 11.0 7.8 149 135 124 120 8.3 108 113 10.9
5 10.8 8.2 148 133 123 120 8.2 107 112 10.8
6 10.8 7.6 149 13.4 12.3 12.0 83 107 113 10.8
7 10.7 8.9 146 133 125 120 8.2 108 113 10.8
8 10.6 8.8 14.3 13.2 12.3 119 8.2 10.7 11.1 10.7
9 105 8.2 14.1 13.2 12.2 11.8 8.2 105 11.1 10.6
10 109 8.1 151 135 124 12.1 83 11.0 116 11.0
11 109 75 15.2 134 12.3 12.0 82 109 11.3 10.9
12 11.1 75 152 134 122 119 8.2 108 11.2 10.8
AT 10.8 8.0 149 13.3 12.3 11.9 8.3 10.7 11.3 10.8
HAH10) 0.3 0.4 04 0.1 0.1 0.1 0.1 0.1 0.1 0.1
AZ 2 f 12.7 10.0 16.6 159 139 13.7 96 12.0 127 125
AzTHAa 8.8 7.2 128 12.2 11.2 11.2 79 10.1 109 10.0
) TAA AALOR A BHAM HE WZEom ZAXA o (20024 129)
(&9 : uR/h)
24 . .
. Y 24 AR FF 45 932 9E &2 Fd o9 QA
1 129 19.0 10.6 139 93 13.3 11.2 186 9.7 106 106
2 13.3 18.8 10.7 14.1 9.3 133 11.2 18.8 10.1 106 10.6
3 14.0 19.1 10.8 143 9.2 134 112 19.3 10.1 106 105
4 14.1 19.2 109 145 9.3 134 11.2 195 10.2 10.7 105
5 14.2 19.4 10.9 145 9.2 136 11.2 19.7 10.2 10.7 10.6
6 14.3 194 109 146 9.2 13.7 11.2 198 10.2 10.7 10.8
7 141 190 109 144 93 135 113 193 101 106 105
8 140 187 108 144 91 134 111 195 102 106 104
9 14.0 187 10.6 14.2 9.1 13.3 11.1 19.2 10.1 105 10.3
10 145 189 111 147 93 136 113 197 102 107 107
11 14.2 187 109 14.6 9.3 135 11.2 195 10.3 106 10.5
12 141 186 108 143 92 134 111 194 101 105 105
AF 140 190 108 144 92 134 112 194 101 106 105
H x}(10) 0.4 0.3 0.1 0.2 0.1 0.1 0.1 0.3 0.2 0.1 0.1
AFF 159 205 127 166 109 157 135 215 121 123 122
AFHa 119 180 97 131 88 123 106 174 87 102 99
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mSv/yoll Al 27 7Y w8 1.36 mSv/y7hA R A H 58zt AT ME Heel 069% ~
121 mSv/y# Blxd FFEot. ® 225% Ax FaAgY FHHLF  disto

19951 8] 2003 d7kA] AxdE vk Zlojn

U ¢ % Utk ® 2262 20039 sjEv] FURANBRN Az A

(34 mSv/d)

Lﬂ;}@} A& | A | A = T B AT RS | OF | FY | 35T 2T | 98 | 9
1995 |1.27411.343]1.223|1.475|1.279|1.151|1.042{0.940{1.035} - - - |1.109{0.859|1.354
1996 {1.213]1.193]1.014|1.307|1.079]1.120|1.010{0.857|1.064| - - - |1.124)0.764]1.133
1997 (1.130{1.299(1.081{1.351,1.043|1.027|0.977|0.783|1.056|0.940| - - 11.13110.771]1.231
1998 |1.071|1.137]0.982|1.212|0.959/0.936(0.914|0.759|0.957|0.851} - - 10.976]0.75511.104
1999 {0.949|1.096{0.969/1.086{0.912/0.919(0.883|0.714|0.8680.823| - - 10901 0.6671‘1.026
2000 11.075/1.145(1.013/1.141{1.024]0.911/0.888/0.760/1.001|0.858| - - 10.844 0.73311.117
2001 10.996/1.144/1.004/1.074]0.967/0.937|0.837|0.695/0.945/0.831} - - 10.868,0.735|1.067
2002 |1.022{1.099/0.968/1.076]0.955|0.912/0.841]0.70910.927|0.898| - - |0.848(0.692|1.078
2003 [1.039/1.109|1.003|1.104]0.991|0.97210.870]0.709 0.943 |0.916 /1.248 |1.004 10.8910.653 |1.193
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B2 AR (mSv/R7D)
A o
1/4 2/4 3/4 4/4
TEFAA 10.25520.010 | 0.248+0.015 | 0.2550.004 | 0.257£0.007
M & 0.258£0.007 | 0.259+0.004 | 0.262=0.001 | 0.260=+0.013
& A 0.2710.007 | 0.286£0.005 | 0.2750.005 | 0.276=0.013
12 0.248+0.008 | 0.25620.009 | 0.254+0.007 | 0.245*0.010
=) T A 0.273=0.005 | 0.275=0.016 | 0.284+0.007 | 0.272--0.014
. & T 0.242%£0.007 | 0.250£0.003 | 0.251 £0.017 | 0.248+0.014
:}i W 0.24270.001 | 0.246£0.008 | 0.237 =0.011 | 0.247+0.000
o Sy 0.213£0.009 | 0.219+0.009 | 0.2150.003 | 0.223+0.014
: A 0.167%0.004 | 0.191£0.008 | 0.181 ~0.004 | 0.170£0.004
- d 5 0.234%0.007 | 0.246=0.011 | 0.231+0.010 | 0.233=0.004
¢t F 0.227=0.004 | 0.236%0.007 | 0.237+0.005 | 0.217+0.014
T+ 9 0.28570.007 | 0.307=0.003 | 0.324+0.009 | 0.321 +0.013
d F 1 0.25070.006 | 0.246=0.012 | 0.263+0.001 | 0.244+0.014
Eek 1 0208=0.012 | 0.225+0.008 | 0.2360.008 | 0.221+0.007
HEE | 0.16310.006 - - -
oA 0.227%0.009 | 0.234%0.018 | 0.229+0.017 | 0.222+0.007
A AF ] 0.241£0.010 | 0.248+0.010 | 0.254=0.006 | 0.245%0.006
5 2 0.230%0.003 | 0.237=0.006 | 0.244 =0.007 | 0.229=0.007
2 F 0.2097=0.009 | 0.203=0.014 | 0.221£0.001 | 0.217+0.008
MAZ 1 0.160=0.005 | 0.179=0.008 | 0.171+0.007 | 0.165%0.005
21 = A 0.225=0.006 | 0.222£0.009 | 0.228 =0.011 | 0.227+0.006
;‘} %ﬂ N 0.23070.006 | 0.232+0.018 | 0.233*+0.006 | 0.247+0.018
= T T 0.2590.015 | 0.264=0.009 | 0.267£0.022 | 0.284+0.011
; Gy 0.325%0.003 | 0.325=0.022 | 0.317+0.013 | 0.303+0.005
e 4 ¢ 0.244+0.008 | 0.267£0.006 | 0.237+0.020 | 0.256+0.005
. &£z 0.317%0.010 | 0.355=0.012 | 0.341%0.030 | 0.349=0.023
A+ 0.236=0.002 | 0.223%0.002 | 0.272+0.001 | 0.255+0.007
& @l 0.188+0.012 | 0.206=0.008 | 0.224%0.026 | 0.190=0.005
= 0.212=0.006 | 0.221 £0.006 | 0.212%0.007 | 0.208%0.015
F3% 1021120006 | 0.207+0.004 | 0.2080.011 | 0.205+0.013
el 0.2110.007 | 0.224=0.007 | 0.218=0.008 | 0.217 +0.008
& = 0.202%0.002 | 0.214£0.012 ; 0.217=0.019 | 0.218+0.013
i 0.202=0.008 | 0.2020.007 | 0.2120.003 | 0.192*0.004
AE&0d) 031920006 | 0.301£0.011 © 0.290+0.008 | 0.279+0.009
[ g A # 0.313=0.013 | 0.284+0.006 | 0.300=0.005
7t o At 0.280£0.011 | 0.2700.009 | 0.251 £0.008 | 0.284*0.029
Al 2 0.28870.014 | 0.271£0.016 | 0.272=0.011 | 0.286+0.003
ks ¢ T 0.3100.009 | 0.318£0.006 | 0.3090.011 | 0.285+0.011
2k 73 10.2620.004 | 0.261+0.006 | 0279~ 0.011 | 0.275+0.000 |
- TLD B4 we w4 &) Z42 044
©) BIIE rHNYE ARNFoT BN o
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iAol AT 150 By/L2 7H A dEsd. o] #¥& H2Z 5
o Adg MFE WY 0406 ~ 239 Bg/Let AL 2 FFolth ¥ 2282 2003d A4F 9
H Wb wEol tieh g9#ghe gdw vad geoloh

(&9 : Ba/L)
e o _ 5 ¢ #
ae Aol 2 | gA | B BE | R AR | 4E | 9F | Wy | 2E |98 |53
1994 - - | 196 - 1444 - - 508 - - - - - - -
1995 | 3.021304! - |157|0856] 156|257 |163|122 - 18310750 203 | - -
1996 1169184 293|140 1133|281 264|149 |145| - |136|1.25 ) - - -

1997 119 128133110132 139(126,079| 117|124 |153|1.03|123} - -
1998 1.071112 118 | 1.05 | 1231127 {152 | 0751094 | 095,074 | 1.03 | 1.20 | - -
1999 1.05 | 1.02 | 1.48 [0.881|0.877| 2.39 | 1.03 10.461|0.969|0.842| 1.00 |0.840|0.928, - -
2000 1.08 [0.967] 1.63 |0.815/0.796|0.99610.882|0.523| 1.03 {0960} 1.13 | 1.00 | 1.03 | - -
2001 145 | 1.07 | 1.01 10.790{0.800| 1.07 |0.998|0.580|0.76210.784 1 0.897|0.658| 1.93 | - -
2002 1.04 | 1.06 [0.909]0.770/0.406]0.950{0.84310.486|0.769 | 0.873|0.858|0.872| 1.32 | - -

2003 1.25 10.831]0.957 | 0.827]0.767| 1.00 | 1.24 |0.57210.92210.733|0.904|0.737| 150" | 1.12 |0.967

* ) A20d) - FALEsge A A (MMM MER old)
A F7}
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0.924+0.039
1.42+0.03
1.67£0.03
1.34+0.03
0.791+0.022
0.8220.026
0.732+0.024
3.50+0.06
1.09£0.04
1.04£0.02
0.913+0.031
0.807+0.034

2.3320.05
1.8420.04
3.47+0.05
(0.768+0.025
1.23+(0.03
0.820+0.028
0.379+0.022
0.530+0.036
0.489+0.018
1.10£0.02
1.13+0.03
3.88+0.05

1.14x0.04
0.922+0.023
0.829+0.024
1.1620.03
0.659+0.021
0.850+0.026
0.589£0.023
0.382+0.035
0.4250.032
1.10+0.03
0.585+0.029
1.33+0.04

0.368+0.017
2.00£0.03
1.42+0.03
1.3520.03
1.16+0.02
0.548+0.024
0.523+0.022
0.488+0.036
0.709+0.034
0.785+0.030
0.804+0.030
1.33+0.04

0.946+0.039
0.898+0.038
251x0.05
0.828+0.026
0.659+0.021
0.41120.023
0.406+0.022
0.668+0.037
0.324+0.031
0.708+0.019
0.840+0.030
0.741+0.033

1.09+0.04

1.23+0.04

2.02+0.04
0.958+0.027
0.407+0.019
0.19220.022
0.58920.023
0.385+0.032
0.526+0.033
0.409+0.017
0.548+0.029
0.850+0.034

0.616+0.037
1.27£0.04
3.33+0.4
0.97320.027
0.851+0.022
0.466+0.024
1.35£0.03
0.467+0.036
0.243+0.031
1.1420.02
0.67620.029
0.64220.033

2.10+0.04
1.25+0.04
2.81+0.03
0.799+0.026
0.827+0.022
1.20£0.03
0.406+0.021
0.700£0.037
1.07+0.036
1.42+0.04
1.11+0.04

1.25+0.73

150+1.12

0.831+0.29

0.957+0.473

08270542

0.767+0.433

1.00+0.77

1.2420.65

)
* )

701-
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FAE AHES
() 1 TEZALSDLAAT L (THAA HEZ o] 7)
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0.682+0.038
0.876+0.037
0.762+0.024
0.349+0.023
0.228+0.018
0.466+0.024
0.497+0.022
0.212+0.034
<0.085
0.439+0.017
0.523+0.032
1.74+0.04

1.05+£0.04
2.59+0.05
0.909+0.025
1.23+0.03
1.15£0.02
1.28+0.03
0.719+£0.024
0.424+0.035
0.142+0.030
0.379+0.017
0.274+0.027
0.913+0.018

0.682+0.038
0.920+0.038
1.35+0.03
0.915+0.026
0.839+0.022
0.877+0.026
0.366+0.021
0.318+0.035
<0.089
0.977+0.020
0.548+0.029
0.916+0.034

0.484+0.036
0.752+0.022
2.84+0.05
1.07+0.02
0.589+0.024
0.991+0.029
0.519£0.018
0.439+0.017
0.932+0.031
0.493+0.028
0.83520.018

0.628+0.023
0.668+0.024
1.04+0.03
0.699+0.025
0.302+0.023
1.78+0.04
0.688+0.034
0.385+0.032

0.437£0.016

1.4520.04
0.789+0.023
3.96+0.05
0.682+0.025
0.803+0.022
1.61+0.03
0.432+0.022
0.25520.035
0.419+0.017
0.947=0.020
0.767+0.030
1.37+0.04

1.64+0.04
1.95£0.04
1.99£0.03
1.10£0.03
0.95920.023
0.192£0.022
0.759=0.024
<0.101
0.95210.035
0.239+0.016
0.658+0.029
1.06:0.02

B

0572+0.417

0.922+0.624

0.733£0.333

0.904+0.649

0.737+0.423

1.12+£0.95

0.967+0.614
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6.1 CH7[ R &=

2 AZ7133 7] (High Volume Air Sampler)& ©]&3te] &5 7| EF3& HUHA
of AT T, olF HAMN AEEAZREREY] € dFFIEAVIZ AetFd disM A
N2AS SYsignh. 2205 7| ReRFEe] AT A EF PCsHd AdAgeEd

Beoll Wls]d BAME A3E Aed oz PCse AL <0979 uBym’z 25 AEs A
=2

>

ol
(oL
Mt

Ang sgEote] Tr|AAZELE o 30,000m’ HEoln AEAES 8000022 FL o
Wegel A&stalx)= ¢ 138 puBa/m A Eolth, Bes] €¥x% xlole #F 229014 BiE ul

& Aol glont ole tiF HHAY HIHE AN FF £dL A

¥ 229 Y ZUHYEAE 7R AT YATTE

] YCs( « Bg/m’) ; X
T AL | 23 ZF ) M Al T MDA Be(mBg/m”)
14 31 1.67 <MDA 1.76 3.92+0.02
24 28 2.17 <MDA 1.06 3.44%0.02
34 31 3.77 <MDA 1.38 5.14%0.03
49 30 4.66 <MDA 2.01 4.55+0.04
5¥ 31 499 <MDA 1.36 491x0.07
64 30 574 <MDA 1.20 3.92%£0.05
74 31 5.81 <MDA 1.43 1.7720.03
84 31 5.04 <MDA 1.33 2.6110.05
94 30 4.04 <MDA 1.28 3.47x0.08
104 31 4,03 <MDA 1.37 4.01x0.02
114 30 455 <MDA 0.979 3.95=0.03
124 31 3.70 <MDA 1.47 3.6470.03

<MDA ) HAZ &3 (MDA) °l&td ez A" A5
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6.2 = ZI(Dry Deposition)

HoRREde 9590

! ® 2
‘Be @ Kol disid s Aog "ad Aotk YCse A% <181 mBg/m’-30 days® &
[e3]
AN

A A | Wog mBaq/m*-30days) Be g
T SEL ) :

A (@) | EAEEE MDA (Ba/m°-30days) | (Ba/m™-30days)
14 31 1.70 <MDA 36.6 10703 0.394+0.238
24 28 1.26 <MDA 336 15.7%0.3 0.624=0.197
34 31 3.33 <MDA 26.7 337+04 1.41+0.19
44 30 2.29 <MDA 27.2 189+05 1.30£0.181
59 31 107 <MDA 447 20.4+0.8 3.96+0.34
64 30 3.05 <MDA 27.2 12103 154+0.18
74 31 3.08 <MDA 30.0 852%0.14 1.31£0.18
8Y 31 4.29 <MDA 289 150%05 1.79%0.22
) 30 2.82 <MDA 19.4 6.55+0.36 0.699+0.137
104 31 4.44 <MDA 34.3 3.08%0.14 154£0.22
114 30 1.92 <MDA 181 5.89=0.12 1.02+0.14
129 31 368 <MDA 34.1 8.300.20 1.47£0.25

<MDA ) H2HEsFA(MDA) ©)5te] gteg A5 g
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229Ut Beol A9 Z3Tol A AL NEF FEs 2 A h1F Beol 3

g A7 | AR ¥Cs(mBa/L) "Be “K (mBg/L)
Tl F | @ | wass= | MDA | BaL) | #AsEE | MDA
19 31 | 168 | <MDA | 282 | 360%20 <MDA | 235
249 28 | 512 | <MDA | 0615 124010 | 149%40 | 498
34 31 | 153 | <MDA | 0840 | 357%9 <MDA | 780
44 30 | 391 | <MDA | 0126 | 490%5 | 346+090 | 1.20
54 31 172 | <MDA | 0254 | 842%9 | 511+155 | 190
64 30 | 226 | <MDA | 0180 | 438%4 | 437=112 | 154
79 31 | 793 | <MDA | 00490 | 514%9 120404 | 0381
84 31 | 408 | <MDA | 00830 | 490*4 | 1L75%060 | 0.602
94 30 | 203 | <MDA | 0172 | 324=3 <MDA | 1.22
108 | 31 | 312 | <MDA | 0843 | 1310%20 | 133%6.02 | 6.20
119 | 30 | 493 | <MDA | 0518 | 168020 | 243+41 | 44l
129 | 31 | 265 | <MDA | 165 | 2930%20 | 308+130 | 191
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Aedae 54 g 4 A9 $09749 R AT F FEN0e
o Fgsgr 20039 299 13 AHE, 8ol 24 ARE sAsRoT a8 4
M, 7 AE % A 67 gAoM AsARE ARSA
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Bpy wagozA §7) Hel BAEEEC FAHE A& PAFHI AAA HF 1L 7

1 mLE &fatx, UdA 2 Le °H 248024 dxy Zay o £ 5 494
2 g4aA 4842 0d AFARE BAGY g3 wa 474 e Yo A
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1. 2018 5(YCcs 8)

=4 60 Lol gAre #Hr7ksle pHE 20 o|3t2 @5 £ LY 05g9 AMP(ammonium
phosphomolybdate) & H7t8tar 1A17F 59 kA7 & Cse S FHAA 3+t AMP
AL FES HA F AxYHos A AASE AAE B i 2" D=
& AzIdA Aurz F #AvpAEE £71(U-8 ViaDdl FRd nE: AZvEHEE7]

(HPGe & MCA System)Z AlZ&a ol ol 33ty 3+&L H7HAIZ AMPS 3148 AMP
o] FANE o]&ste] FIT

A% AFTA RS A% @PANESGE 2Y o) 2] dEd ARE RS F AY

CmEA oS BES we 4EFAE AZsI] As
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o 800 mLE A& Celld] €1 Na0, B¢ oF 8g8 718t &3] SaiAz £ A f o]
oF 40mL7F 2 w7tA] M AME AaEES AAEAY. ddsEe]l ¢#85E ARE A4 FFRE F
10mLE 20mL HZE £7)o £33t Ultima Gold LLT Scintillator 10 mL& #H7tstz #
E23e 3 AZS7IUY WdaolA sFF Badk § A 2AS7(LKB, Quantulus 1220)
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7y | MNEAH 20034 % 247 3} A gae
°ow 5= pd
122 AH24Y) 22 ZAHE8Y) (1994 ~ 2002)

107 - 07 2.18+0.25 1.77+0.40 202 ~ 6.27
106 - 02 2.26+0.25 1.95+0.35 167 ~ 468
105 - 11 2.05+0.26 2.04=0.37 214 ~ 485

sy | 104-04 2.08+0.20 2.21+0.46 201 ~ 525
103 - 11 1.710.26 1.87+0.42 199 ~ 529
102 - 04 1.83+0.28 1.82+0.50 187 ~ 5.38
209 - 11 1.87+0.22 2.26+0.47 208 ~ 460
208 - 01 1.89+0.31 1.60+0.53 164 ~ 523
207 - 05 2.47+0.30 1.97+0.50 193 ~ 3.86
206 - 01 1.89+0.35 1.48+0.43 225 ~ 7.00
205 - 05 1.88+0.27 1.68+0.40 2.05 ~ 372

3 | 204 - 01 2.14+0.30 1.89+0.46 1.71 ~ 3.93
203 - 03 1.84+0.31 2.01+0.45 1.89 ~ 4.06
314 - 00 2.23+0.30 1.70%0.40 201 ~ 581
313 - 10 1.76+0.28 2.29+0.35 2.02 ~ 661
312 - 02 1.82+0.26 1.3020.38 140 ~ 485
311 - 14 - - 253 ~ 2.72°
311 - 12 - - 265 ~ 291"
311 - 10 1.82+0.23 1.79+0.37 173 ~ 462
310 - 03 1.63+0.27 2.170.35 163 ~ 371

A& | 310 - 14 - - 302 ~ 472
309 - 14 - - 270 ~ 2.89°
309 - 12 - - 253 ~ 349
309 - 10 2.23+0.24 2.32+0.36 168 ~ 4.48
308 - 01 1.730.28 1.96+0.34 254 ~ 462
307 - 10 2.35+0.28 2.12+0.45 234 ~ 592

0) A&

) B 3d ke FEEY (1996 ~ 1998)

- ) FAATFAY AR F T 19990EHE AlE A 27}

-62 -




2. He| HMAlsEE

-2 g FEadd 21 A AHAAM AHSE BF AFY AFTrh YA sE HeE 00844
~ 0583 Bo/LZ, #A 8d 7t 2418 =¥ <0.0404 ~ 1.19 Bg/L 9 vl g uf A9 H]
53 #98 et o ¥ Es 19959 ~ 200399 A 1 FE xrF oy AEjvt
ek gafictel wE okt = AIS vEln ok (29 33). g vx Aole FAHZ
ol MEE o EAdte go2A Ayt o E g vlE FEXA v BTsrlE

ofgrh H 33 200339 EF sl FH AN 5EE BAE Axol)

X 2

1.5
® =l
| =Bl
A ANl T
-
@ 1.0 1 ]
C —
0
©
I=
§ L [ _ A
A -
O 'y
O 0.5 1
(,.,I i r N m' A
P _L
1
00 T —~ 1 T T T

1995 1996 1997 1998 1999 2000 2001 2002 2003

Year

g 33 $elve ddy ZEs4 F °HY A9 5 43

—-63 —



=t
w
w
[3"]
(]
o]
w
2!
1
Fe
ofi
g;"‘
n
1o
-
ok
>
olf
off
H

(&9 @ Ba/L)

H HAs 55 +0
S As A 2003 = A 7} 77 8l gte
E FEY Y
1x2AF (249) 22tz A (89) (1995 ~ 2002)
107 - 07 0.164 = 0.012 0.127 £ 0.013 0.040~ 0.67
106 - 02 0.181 £ 0.012 0.175 £ 0.013 <0.09~0.65
105 - 11 0.156 = 0.013 0.175 £ 0013 0.074~0.74
- 104 - 04 0.140 = 0.012 0.223 = 0.013 <0.07~0.62
103 - 11 0.099 = 0.012 0.129 = 0.013 0.069~0.95
102 - 04 0.084 = 0.021 0.0858 + 0.0090 0.086~0.62
209 - 11 0.197 = 0.022 0.390 = 0.014 0.052~0.46
208 - 01 0.127 + 0.021 0.231 £ 0.013 <0.07~1.02
207 - 05 0.084 + 0.021 0.191 = 0.013 <0.07~0.48
206 - 01 0.141 = 0.021 0.175 = 0.013 <0.07~0.73
2050 - 05 0.084 = 0.021 0.151 = 0.013 <0.06~0.42
EE 204 - 01 0.225 = 0.022 0.183 = 0.013 <0.06~0.61
203 - 03 0.084 = 0.021 0.223 + 0.013 <0.09~0.56
314 - 00 0.113 = 0.021 0.279 = 0.013 0.073~0.53
313 - 10 0.127 = 0.021 0.313 + 0.013 <0.09~0.95
312 - 02 0.352 + 0.023 0.287 + 0.013 <0.09~0.67
311 - 14 - - 0.56~0.69"
311 - 12 - - 0.62~0.89"
311 - 10 0.127 + 0.021 0.254 = 0.013 0.12~0.63
310 - 03 0.281 = 0.022 0.296 = 0.013 0.13~0.84
A & 310 - 14 - - 0.59~0.77
309 - 14 - - 0.54~0.60
309 - 12 - - 0.60~0.70
309 - 10 0.448 + 0.018 0.583 = 0.015 0.18~0.78
308 ~ 01 0.234 + 0.017 0.355 = 0.014 <0.09~0.95
307 - 10 0.275 £ 0.017 0.583 = 0.015 0.20~0.87
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¥ 3420031 % %= 4o Ysr whalsEw
(49 mBag/kg)

Y AP S 0
AE A
e 2 = 20039 = =AMAY | BA 63zt T Y
o CEIREETEY (1997 ~ 2002)
107 - 07 + 2.53 + 0.30°
106 - 02 1.88 + 0.19 123 ~ 296
105 - 11 166 + 0.15 0.818 ~ 4.41
. 104 - 04 + 268 = 0.38:
103 - 11 + 2.90 + 0.44
102 - 04 1.73 + 0.16 1.16 ~ 6.06
209 - 11 1.72 + 0.18 122 ~ 254
208 - 01 + 2.35 = 0.33'
207 - 05 2.06 + 0.18 177 ~ 2.84
206 - 01 + 297 = 042
205 - 05 + 2.86 + 0.38°
il 204 - 01 2.24 £ 0.19 1.10 ~ 3.14
203 - 03 + 336 + 045
314 - 00 146 + 0.17 0594 ~ 3.34
313 - 10 1.29 + 0.16 151 ~ 331
312 - 02 1.39 + 0.16 131 ~ 357
311 - 14 - 3.00 £ 0.40°
311 - 12 - 3.01 + 0.38°
311 - 10 2.07 + 0.22 101 ~ 353
310 - 03 2.01 + 0.18 175 ~ 2.02
A &} 310 - 14 - 3.74 + 0.49°
309 - 14 - 3.02 + 0.42"
309 - 12 ~ 350 £ 0.44"
309 - 10 - 334 + 043
308 - 01 - 2.95 + 0.40°
307 - 10 2.15 = 0.19 151 ~ 373
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® 35 2003dE BE dlge F¥py Al sEn
(&4 : uBg/kg
zytztx)pu HIAPEE T 4g
2 20039 = A} 3}
i s s e = ) o e o
° o8 A=) A gdztel wxye)

107 - 07 723 + 0.66 480 ~ 144
106 - 02 7.39 + 0.65 343 ~ 107
105 - 11 6.80 + 0.36 359 ~ 359

. 104 - 04 7.41 + 0.67 213 ~ 211
103 - 11 350 + 0.54 <352 ~ 7.70
102 - 04 732 + 057 329 ~ 806
209 - 11 445 + 022 <251 ~ 10.1
208 - 01 3.86 + 0.36 413 ~ 8.02
207 - 05 9.17 + 0.52 383 ~ 215
206 - 01 6.61 + 0.41 3.97 ~ 160
205 - 05 6.19 + 1.24 267 ~ 7.62

el 204 - 01 9.89 + 1.25 370 ~ 13.1
203 - 03 7.35 + 0.54 3.33 ~ 206
314 - 00 488 = 1.15 407 ~ 16.2
313 - 10 849 + 0.90 348 ~ 151
312 - 02 547 £ 0.76 397 ~ 127
311 - 14 290 + 0.77"
311 - 12 - <4.69
311 - 10 617 = 1.27 3.99 ~ 165
310 - 03 867 £ 2.08 4.40 ~ 20.1

A3 310 - 14 - 200 + 0.61°
309 - 14 - 4.00 + 0.63°
309 - 12 - 468 + 1.29°
309 - 10 423 + 1.20 291 ~ 9.80
308 - 01 7.78 + 0.65 2.71 ~ 123
307 - 10 406 + 0.22 394 ~ 102
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a9 36 S FasY E3ASF PR APF FEAG
X 36 20033% W 9 ®HEF dM-F WilEs 7=
. s o w3 A3 .
3] = t} ¢ Alg 4= v {8 =4
A AR e am | an e | e A | 2o
B mBa/kg 42 1.60~2.26 1.48~2.47 1.30~2.35 ND~21
B3 Ba/L 42 0.0844~0.390| 0.0844~0.313 {0.127~ 05831 0.43~1.09
Vg mBa/kg 12 1.66~1.88 1.29~2.24 1.39~2.15 ND~10
2391240p, | uBa/kg 21 3.50~7.41 4.88~9.89 4.06~8.67 ND~109
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