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Investigation on the concentration distributions of natural radioactive nuclides
and dose assessments on the life circumstances [

Taeko Koga ** and Hiroshige Morishima **
Abstract

In the surroundings of the daily life, the effective internal doses due to the inhalation of
radon, thoron and their decay nuclides account on average of the all world for about one-half
of all natural sources of radiation.

40K, Uranium series and Thorium series are widely distributed as the sources of terrestrial
environmental natural radiation on our life circumstances, and their concentration
distributions are influenced geologically and these are not uniformly.

‘ Radon and thoron, which are natural gaseous radioactive nuclides released out of rocks
and soil etc. are chemically inert and electrically uncharged, but they in the air can
spontaneously decay to other metal atoms, of which 24po, 21%0 and 2®T1 are mainly the
sources of exposure. Those concentrations indoor and outdoor made a wide fluctuation
~ on the ventilated conditions and on the environment seasonally and spatially. We have
carried out continuously the measurement of radon, thoron and their decay nuclides, and it's
important of the study on the environmental movement and distribution of natural radioactive
nuclides. The assessments of exposed dose by the natural radiation sources of the
surrounding inhabitants and their outlooks should be understanded furthermore. We
have selected and observed on Misasa spa district, Tottori pref., Kawanishi-shi, Hyogo pref.,
and Tamagawa spa district, Akita pref., and Higashi-osaka-shi, Osaka pref., for CA, and
reported these results on following ; ]

(1) We continued time course variation of mean radon concentrations on same private house
of Misasa spa district, Kawanishi-shi district and Higashi-osaka-shi district. It tends that
mean radon concentrations in air at their districts for 9 years were fluctuated low level on
summer and rain season, and high on winter.

(2) We have measured the radon concentrations in air with a set of indoor and outdoor on
Misasa district. Radon concentrations in air on geologically formed granite layers were
higher than those basaltic layers.

(3) On the measurement of Rn on Tamagawa and Shin-Tamagawa spa districts, Akita pref.,
where their source are same, Rn concentrations in air and well water were low level, because
the temperature water and the acidity of spa water are very high.

*  Work performed by Kinki University under contract with

Japan Nuclear Cycle Development Institute

JNC Liaison : Safety Propulsion Division, vice director Haruo Suzuki
** Kinki University Atomic Energy Research Institute
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Table 1 ZEAMBICHITAIERTSFVEEDOREBEL

(Ba/md)
& 5 o
MEEA Py P [ - E ® ()\ME =5
1952% 11H — 2387 -+ 61 | 1628 * 42 -~ 162.8 =
1994 SH 413 =+ 59 1294 x= 33 985 * 32 - 98.5 168 = 17
108 - 1924 + 49 1166 + 30 — 116.6 163  + 2.0(21,13.15)
19955 6H 96 * 14 607 + 1.8 538 £ 1.7 426 * 17 482 = 80 56 =+ T4
78 174 +* 12 570 + 15 711 £ 16 - 7.1 202 * 1.3
8H 170 * 04 572 + 12 604 £ 12 256 =+ 08 430 = 246 184 =+ 0.4
98 292 *+ 17 483 *x 17 534 * 18 433 *= 18 484 = 72 356 =& 1.8
108 181 + 80 517 =+ 33 593 =+ 33 378 =+ 32 485 =+ 151 183 =+ 30
118 218 + 10 1067 + 16 1199 + 17 1059 + 16 1129 + 99 589 =+ 13
1996%F 1H 498 = 27 1884 * 43 1207 + 3.7 1104 £ 35 1156 = 13 351 =+ 25
28 392 =+ . 09 1265 + 1.2 768 £ 1.1 558 = 10 663 = 148 292 * 0.9
38 143 = 11 1682 =+ 20 1087 * 17 853 = 16 945 *x 130 126 =+ 1.2
45 344 = 11 2066 * 18 1700 = 17 1098 + 15 1399 £ 426 344 =+ 1.1
5H 213 £+ 18 1216 = 28 692 * 23 525 =+ 22 609 = 118 207 =+ 1.8
6A 396 =+ 45 27139 X 48 994 * 29 738 = 24 86.7 =+ - 180 209 = 17
78 123 = 10 678 £ 13 528 = 12 242 %= 1.1 385 = 202 219 = 1.1
8H 396 £ 1.8 932 = 23 875 £ 22 588 = 20 732 £ 203 578 =+ 20
9H 317 £ 15 860 =% 1.9 M7 £ 18 566 = 17 642 £ 107 313 =+ 1.6
10A 255 =+ 1.6 1102 =+ 23 808 £ 21 635 = 20 722 £ 122 194 =+ 16
118 243 * 1.5 1027 = 22 919 £ 21 733 = 20 826 =*= 182 213 % 156
128 461 1.1 1835 + 17 1406 + 1.6 893 + 14 1150 =+ 363 416 _* 12
19978& 1R 278 £ 20 1200 = 28 915 =+ 26 718 = 25 81.7 =+ 139 189 =+ 1.9
28 436 =+ 09 1105 = 12 1212 £ 12 533 * 66 872 =+ 480 339 * 0.9
3R 157 *= 06 1105 = 10 177 £ 11 894 =+ 10 1036 + 200 132 + 0.6
48 251 + 08 1030 + 13 N4 £ 12 535 + 1.1 625 =+ 126 126 =+ 0.8
58 163 + 07 1041 £ 141 734 £ 10 480 =+ 09 607 = 179 152 =+ 0.8
68 67 £ 11 2335 = 19 635 = 14 640 * 14 637 =+ 04 421 * 1.1
78 154 =+ 09 1029 * 13 745 = 12 526 * 12 636 =+ 155 132 + 1.0
8A 124 * 07 680 * 10 416 = 09 258 * 08 337 = 111 91 =+ 0.7
9f 196 * 07 1442 * 12 795 £ 13 559 *= 12 677 * 167 120 =+ 0.9
108 223 * 15 633 * 15 307 * 17 295 * 17 301 *= 08 122 + 15
18 136 * 25 739 * 32 405 * 29 342 * 28 374 * 44 90 * 2.2
128 306 * 09 1302 + 14 951 + 12 884 + 1.2 918 =+ 47 310 =+ 1.0
1982 1H 154 =+ 09 915 =+ 15 762 £ 14 448 = 1.2 605 =+ 222 144 = 1.0
28 187 * 07 1140 £ 11 734 £ 10 649 *+ 08 692 * 60 -
3A 245 £+ 07 1304 + 11 630 =+ 09 484 * 08 557 =+ 103 -
48 81 =+ 08 785 = 09 337 £ 03 257 + 07 207 * 57 -
58 163 + 07 656 =+ 10 468 * 09 414 = 09 41 = 38 -
68 112 += 07 430 = 09 553 & 1.0 436 == 10 495 * 83 -
7R 73 = 08 332 = 10 434 * 11 371 = 10 403 * 45 -
8H 168 =+ 07 595 x 09 495 * 08 328 *= 08 412 = 118 -
98 202 * 13 944 * 18 650 + 17 528 * 16 589 =+ 86 -
108 177 = 09 i o+ 11 620 + 11 369 *= 10 494 *= 178 -
1A 322 = 09 1009 +* 12 814 =+ 11 754 11 784 * 42 -
128 385 + 07 972 + 10 1076 £+ 10 862 + 10 964 4+ 158 -
19994 1H 145 + 08 1023 * 1.2 871 £ 12 795 =+ 1.2 833 =+ 54 -
28 31 = 14 1583 + 21 1238 + 20 930 + 18 1084 + 217 -
34 209 * 06 1120 + 10 859 =+ 09 710 += 08 785 * 105 -
48 168 =+ 09 1155 =+ 14 968 * 13 69.1 + 1.2 830 =+ 196 -
58 196 =+ 09 847 = 12 838 + 12 31 = 10 595 = 344 -
6H 145 + 13 878 = 19 482 * 17 417 = 18 450 * 486 -
78 76 *£ 06 843 = 10 403 *= 08 333 + 08 368 -+ 50 -
8H 95 + 06 - 314 = 10 319 "= 10 317 = 04 -
98 245 + 15 67.1 *+ 17 865 = 19 345 = 17 605 =+ 368 -
108 262 + 07 749 *+ 10 1262 +* 12 622 * 10 942 =+ 453 -
118 149 =+ 10 658 =+ 12 1439 x 16 925 * 14 1182 =+ 363 -
128 343 + 07 1052 =+ 10 966 _+ 1.0 951 =+ 10 959 + 1.1 -
20002 1H 209 =+ 08 1187 £ 1.1 1022 * 1.1 925 =+ 11 973 * 69 -
28 202 + 08 1007 * 09 860 =+ 09 673 = 08 767 = 133 -
3R 157 * 07 1070 =+ 14 655 <+ 09 616 =+ 09 636 = 27 -
47 175 = 07 822 *x 10 800 = 10 541 =+ 09 671 =+ 183 -
58 231 £ 08 784 * 10 561 + 09 459 =+ 09 510 *x 72 -
68 262 = 1.1 459 <+ 09 638 £ 1.1 269 =*= 09 453 £ 261 -
78, 73 £+ 05 688 =+ 08 261 £ 07 123 = 08 192 + 98 -
8H 121 = 10 568 =+ 1.3 304 £ 12 164 += 11 234 + 99 -
9A 121 = 08 [ 550 =% 1.1 232 += 09 209 = 09 220 = 16 -
10A 186 = 10 627 =% 1.2 1231 =+ 15 922 = 14 1076 += 218 -
1A 109 = 06 870 =+ 09 839 £ 09 665 = 09 7%2 *= 123 -
128 190 * 06 825 <+ 09 1009 + 10 851 + 10 930 =+ 111 -
20014 1H 137 = 06 1102 * 10 852 =* 1.0 712 % 09 782 =+ 9.9 =
28 136 + 06 1166 =+ 10 842 =+ 09 794 = 09 818 =+ 34 -
3R 23 = 07 103 =+ 08 165 =+ 08 89 + 07 127 + 53 -
48 155 £ 07 1461 + 12 792 £ 10 729  + 10 760 * 45 -
58 254 + 09 57.3 = 1i 732 *+ 12 556 = 1.1 644 = 125 -
6H 108 + 13 795 = 17 495 + 16 364 = 15 49 * 93 -
78 152 * 23 647 = 29 364 + 25 229 * 24 291 * 88 -
8H 140 =+ 08 849 = 09 608 += 09 494 *+ 08 551 * 81 -
98 246 = 07 799 = 10 856 =+ 10 552 * 09 704 * 215 -
108 235 += 08 757 * 10 897 + 11 686 =+ 10 791 149 -
118 193 £ 07 504 =+ 10 1256 + 12 782 += 10 994 * 371 -
128 123+ 11 766 + 15 1102 + 1.7 792+ 15 947 + 219 -
200275 1H 234 £ 1.1 842 * 14 1340 *£ 1.6 082 £ 15 1211 =+ 182 —
2R 282 + 06 1159 = 10 1234 = 10 993 * 10 113 £ 171 -
38 324 + 14 1141 + 19 1218 + 18 869 * 18 1043 + 247 -
48 208 * 07 788 = 08 1029 £ 10 706 = 10 867 =+ 228 -
58 215 + 08 394 = 09 738 = 10 459 *= 09 508 * 197 -
6H 96 <+ 08 682 =+ 08 605 £ 08 326 *= 07 465 = 197 -
78 181 + 06 639 =+ 09 - - — -
8H 88 =+ 09 649 = 11 414 = 14 221 = 10 318 = 136 -
98 164 + 06 692 = 09 753 * 09 491 * 08 622 = 185 -
108 275 * 10 1146 =+ 14 1648 + 16 1217 * 15 1432 £+ 305 -
118 335 + 08 908 = 10 1532 = 13 1041 + 11 1286 =+ 347 -
128 152 + 08 946  + 09 1147 £ 10 772 £ 09 959 *+ 265 -
79035 1R 184 x 07 | 1080 =*£ 11 1134 £ 1.4 51§ £ 11 1026 * 152 =
236 + 08 | 1449 £ 13 1218 + 12 1002 = 1.1 1110 =+ 153 -
252 £ 086 1237 = 10 894 *x 09 628 = 08 761 + 188 -
180 *= 08 813 = 11 860 = 12 635 =+ 11 747 + 159 -
92 =+ 08 795 * 09 324 * 08 217 £ 07 210 = 78 -
182 + 06 708 + 09 721+ 09 377 * 06 549 + 243 -
90 + 11 693 * 14 724 14 713 £ 14 M7 £ 057 -
145 += 07 862 + 10 502 * 09 381 + 08 42 =+ 85 -
179 £ 06 837 £ 09 9%.1 =+ 10 625 & 09 793 + 238 -
163 + 10 | 1160 x= 14 620 = 12 478 + 12 549 + 101 -
34 * 06 | 1078 *x 15 1004 *= 10 7712 = 08 888 = 164 -
173 + 07 948 + 11 803 + 10 667 + 10 635 + 45 -
186 x 71 972+ 232 7.+t 264 | 618 £ 227 707 % 238 —..x =
& 90 ~ 354 603 -~ 1449 4~ 1218 | 217 ~ 1002 70~ 1110 -~ =
U %ﬁ 207 £ 95 973+ 433 0% 330 598 + 255 9 _* 295 234 % 13.2
x 23 ~ 498 103~ 2739 5~ T1700 | 88  ~ 1217 7~ 1628 56 ~ 58.9
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Table 2 =FAE DM ERRASKEE

(Ba/m)
ﬁg g; 1992 1993 1994 11995.10-11 1996.1 1996.11 1997.11 | 1998.11 | 1899.11 2000.7 | 2001.7.12{ 20023 2003 E iy
hNE|B 1.1 106 - - - 70 = 12]107 % 19 - - - - - - - 28 * 19

oAl 148 22 - - - - - - - - - - - 185 % 52
R - - - 128 + 12215 x 23 - 140+ 13 - - - - - - - 16.1 = 47
- - - - - - 1.0+ 05 - - - - - - - e
HNE - - = 187 % 14 - - - - - - - - - - 15.7
TN - - - 218 + 20 - - - = - = - - - - 218
OB | AR 4442 16 173 218 - - - - - - - - - - - 27.7 £ 146
MmN 4|83+ 13 315 19.7 - 414 £ 29 - - - - - - - - - 41.6 £ 24.0
- - - - 822 35 - - - - - - - - -
R - - - 413 = 17 - - - - - - ~ - - - 69.0 % 214
- - - 800+ 30 - - - - - - - - - -
- - - 69.6 + 40 - - - - - - - - - -
o B | B8 ]370% 14 - - - - - 822 35 - - - - - - - 635 + 249
e - - - - - 414+ 29 = - - - - - -
B X - - = 493 & 2.7 - - - - - - - - - - 417 108
- - - 340 + 34 - - - - - - - - -
LS - - - 141 £ 44 - 598 % 3.1 (606 3.1(340 = 241374 10 - 469 = 20 - - - 70.7 % 37.2
- - - 108 & 2.7 - - - - - - - - -
- - - 765 & 34 - - - - - - - - - -
X B - - - - 490 =+ 25 - - - - - - - - - 490
F 48 - - - - 425 + 286 - - - - - — ~ - - 425
=& | B osle29x 20 - - - - 12712 - - . - - - - 28.1 + 234
- - - - - - 184 % 23 - - - - - - -
- - - - - - 182+ 23 - - - - - - -
= # - - - - - 185 09194+ 18 - - - - - - - 232 % 74
- - - - - - 317 % 23 - - - - - - -
® K - 86 217 - - - - - - - - - - - 182 135
Bk |206 14 - - - 317+ 23[171 % 22) 1972 22 - - - - - - - 245 + 72
& B 155 163 194 - - - - - - - - - - ~ 170 £ 29
% F - - - 405+ 16 - - - - - - - - - - 405
B R - - - - - 172+ 24| 197 24 - - - - - - - 185 = 1.8
e & H - - - - - - 577 % 1.7 - - - - - - 57.7
WRILG| % B 1482 07 - - - 742 % 30 - - - - - - - - - 445 =+ 420
% &’ - - - - - - - 365 15 - - - - - - 365
B R - 719 705 - - - - - - - - - - - 742 % 52
AR 870 259 304 - - 272 26(329 + 27 - - - - - - - 307 % 45
T & - - - - - - - 156 = 14 - - - - - - 156
i #1112 05 295 443 - - - - - - - - - - - 283 % 166
xR - - - 69.6 + 40| 597 = 28 - - - - - - - - - 64.7 % 70
EA - - - - - - - - 201 £ 093 - - - - - 20.1
R - - - - - 141+ 23153 25 - - - - - - L= 147 % 08
- - - - - - - - - 495 = 1.1 - - - - ~ 495
18 | F#E4[851+ 28 636 48.1 - - - - - - - - - - 65.6 = 186
WENR] ERE| 884 220 64.7 696 + 3.7 - - 592 1.4 - - - - - - - 60.4 =218
- - - 587 + 18 - - - - - - - - - -
X {296 1.1 194 753°" | 607 = 25 - 683+ 32622+ 32/432 % 16[366 = 12 - - - - - 712 £ 518
A K - - - 630 + 35790 % 30 - 271 % 14 - - - - - - - 496 + 256
- - - 201 1.4 - - - - - - - - - —
E - - - 366 + 14 - - 316 09 - - - - - - - 341+ 35
® E|176 14 - - 270 % 14 - - 148+ 07 - - - - - - - 198 + 64
B - - - 586 % 1.8 - - - - - - - - - - 586
14 - - - 433 % 18 - - - - - - - - - - 433
B8 - - - 386+ 18 - - - - - - - - ~ — 365 = 30
- - - 344 + 18 - - - - - - - - ~ -
Z®| A H#E - - - 337 % 14433 % 26 - - - - - 132+ 15 - -~ - 32.7 % 136
- - - 407 + 25 - - - - - ~ -
B - - - 847 * 31 - 592 % 1.9 - 283+ 10| 4562 53| 157 216° 2822 14 - ~ 408 214
- - - - 442 * 26 - - - - 326+ 18186 * 08 - -
3 - - - - 378 = 24 - - - - - - - - - 378
=8 - - - 554 =287 - 971 2330 - 1902 15( 400 = 04 |746 %280 618 215" 653 228 901 =+ 15"| 707 214 6332 299
- - - - - - - |274228% 560 2188% - - stz 13|13 % 16| -
- - - - - - - 65.3 % 233 - - - - - -
F o 365+ 25432 + 52| 422 = 22 533 + 290 523 = 20363 31.1[ 315+ 21| 37.4 + 175/ 383 + 12.1| 60.1 = 205} 340 =+ 20.7| 383 = 19.7] 111 = 202 707 + 1.4| 380 * 188
L] 11 ~88| 9 ~194| 19 ~ 75| 13 ~141| 22 ~ 85| 7 ~ 97| 11 ~ 82| 16 ~ 65| 20 ~ 56 | 46 ~ 75| 13 ~ 62| 19 ~ 66| 80 ~ 81| 71 ~ 71| 10 ~ 74
M | AR - - - 314 % 29 - - 118+ 26 - 248 % 074 - - = = . 22.7 % 100
SRR AR | 268 105 144 115 - 96 * 29 - - - 90 =+ 09100+ 06100+ 05| 99 =+ 05123 = 53
*1(48~158) *2n=11 *3n=12 *4 n= B
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Table 3 ZEIEDHIBEN SRV EE

) (Bg/m)
EE g; 1992 1993 1994 11995.10~1| 1996.1 1996.11 1997.11 | 1998.11 | 1999.11 | 2000.7 | 2001.7 | 2002.3 2003 B ]
& B 185 104 - - - 65+ 1.2 89 18 - - - - - - - 112 52
# B| 155 155 - - - - - - = - - - - - 155 % 00
B R - - N 140 * 13| 182+ 22 - - - - - - - - N 1612 30
FAE - - - 99 £ 14 - - - - - - - - - - 9.9
4@ | Akil| 3332 1.3 18.1 213 - - - - - - - - - - - 242+ 80
Mg m 43704 15 181 189 - 2273 25 - - - - - - - - - 324 198
- - - - 65.1% 32 - - - - - - - - -
ROy - - - 114 % 15 - - - - - - - - = = 234 % 131
- - - 213 & 26 - - - - - - - - - -
- - - 374 % 3.1 - - - - - - - - - -
B | B f£]333 14 - - - - - 65.1 & 3.2 - - - - - - - 404 % 221
= RS - - - - - - 227 % 25 - - - - - - -
B & - - - 77 % 25 - - - - - - - - = - 126 % 54
- - - 126 + 14 - - - - ~ - - - - -
- - - 29 % 27 - - - - - - - = - -
- - - 200 30 - - - - - - - - - -
rES - - - 59.4 & 3.1 ~ 243+ 18256+ 27[187% 14[395% 18 - 418 19 - - - 355 % 14.1
- - - 487 30 - - 259 % 27 - - - - = - -
PN _ _ _ _ - _ _ _ _ _ _ _ _ _ _
T 48 - - - - 423+ 26 - - - - - - - - - 423
- SN SEINERE - - - o= - 2171 25 - - - - - - - 26.1 % 95
- - - - - - 196 % 24 - - - - - - -
= # - - - - - 2112 172002 22 - - - ~ - - - 25.1 = 5%
® - 5.3 2338 - - - - - - - - - - - 145 % 13.1
B OA 206 1.4 - - - - 200 22| 102 22109 21 - - - - - - - 19.9 £ 108
& %" 10.0 9.5 211 - - - - - - - - - - - 135 686
& F - - - 307 %+ 16 - - - - - - - - - - 30.7
®»E - - - - - 1033 231422 23 - - - - - - - 123 28
B |E @ - - - - - - - 289 14 - - - - - - 289
BN 8 B(1482 06 - - - 577 % 238 - - - - - - - - = 363 2 303
2 - - N N N N . 338+ 14 - = = N - - 338
®F| 159 73.3 65.1 - - - - - - - - _ - - 51.4 % 310
INEIR| 822 259 380 - - 1002 151552 25[ 2152 23 - - - - - - 215 114
- - - - - - 74 23 - - - - - -
T & - - - - - - - 99 % 14 - - - - - - 9.9
o 185 133 256 - - - - 174+ 22 - - - - - - 187 £ 5.1
= % - - . N - - = 255 % 25 - - - - - - 255
R - - - 491 % 36562 % 28 - - - = - - - - - 527 50
] - - - - - - - 97 + 20[115% 09 ~ - - - - 106 + 13
HE - - - - - 11+ 23[128: 24266+ 24 - - - - - - 1672 69
- - - N - - - 163 = 2.1 - - - - - -
- - - - - - - = - 133+ 09 - - - - - 133
B | TEE| 629 23 303 378 - = - = = - - - - - - 437 % 171
PrENGE ERE| 1S 18.1 280 487 % 83 - - - - - - - - - - 267 % 14.1
- - - 270 % 1.7 - - - - - - - - - -
X | 174 150 208 "' | 301 2 22 - 338+ 28364 29]201 15[199% 10 - - - - - 469 428
2 R - - - 271+ 141072 19 - - - - - - - - - 289 + 156
- - - 487 33 - - - - - - - - - -
- - - 290 % 28 - - - - - - - = - -
X - - - 203 + 14 - - - - - - - = - - 263
&= 122 - - 176 % 14 - - - - - - - - - - 149 % 38
B o - - - 200 17 - - - - - - - - - - 29.0
% - - - 341 % 18 - - - - - - - = - - 34.1
8 - - - 339 * 18 - - - - - - - — - - 312+ 38
- - - 285 £ 18 - - - - - - - - - -
=¥ | X H# - - - 210 % 13443+ 26 - - - - - 1012 15 - - - 298 170
- - - - 438+ 26 - -~ ~ - ~ - - - -
[T - - - - 534+ 28 - 48.1 % 1.6 - 1754 14139212 | 91  15]256% 13 - - 265 % 189
- - - - 412 25 - - - - - 33 + 14 - = =
#F - - - = ,|%82 24 o - - - - s -, ~ s — 345
=¥ - - - 356 + 29 - 3152 121 - 1482 14| 146+ 05(200290 [ 177210 234 13{213% 14186 112232 75
- - - - - N - 192425 189 102 | - - - 387 11 -
(1) -~ - - - - N = 169 % 2.1 - - - - - -
- - - - N - - 208 + 99 - - - - - -
AR = = - - - - - - - - 96 + 35| 160 % 16 - - 84.6 % 106
E o8 250 14{ 323 + 411|329 + 15| 289 % 140/ 399 % 164 176 % 103{ 243 % 157/ 206 + 70| 193+ 94 [170% 43153 = 138| 695 = 78.0] 30.0 + 123| 186 & 1.1]274 2 143
E B 10 ~63] 5 ~150] 19 ~ 65| 8 ~ 59| 11 ~ 65) 7 ~ 34| 7 ~ 65] 10 ~ 34| 11 ~ 40| 14 ~ 20| 3 ~ 42| 23 ~ 160 21 ~ 39| 19 ~ 19| 10 ~ 85
Mol | A - - - 118 + 26 ~ 289 + 123 - - 198 09 - - -~ - - 180 % 82
- - - 17 % 23 - - - - - - - - - -
wuseR - - - - ~ - = 126 & 41224 % 19 - 123 + 32 - = - 185 721
Lo - - ~ N - - = - 267 % 21 - - - - -
B R - - -~ 208 % 27 - = - - - - - - - - 208
REBR| AR 172 46 10.1 1.3 - 43 % 20 - - - - 37+ 08|40 05| 39 * 05| 40 + 04| 70 + 48
*1(30~69) *2n=11 *3n=12 *4n=2 REEE
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Table 4 ZEAE OB ICHITEERRIFVEE

BIE X EBARFEH D B4 EH(0) H#hENo. 1/0k

N B =2 B 9.9 1.1 C 0.89
wmE 18.5 15.5 e 1.19

7 E 16.1 16.1 D 1.00

== 11.0 - D -

B/INE 15.7 9.9 - C 1.59

Fa/NEE 21.8 — C -

" B Kb L 27.7 24.2 . C 1.14
mania m & 41.6 32.4 B 1.29
7e Be 69.0 23.4 A 2.95

T B A & 53.5 40.4 B 1.33
x)iliR E K 41.7 12.6 A 3.32
EAS 70.7 355 A 1.99

X & 490 — A -

T JE 425 42.3 B 1.00

= 1 A & 28.1 26.1 A 1.07
= 1& 23.2 25.1 C 0.93

® H 18.2 145 C 1.25

kR K 24.5 19.9 C 1.23

g8 85 17.1 135 C 1.26

®F 40.5 30.7 A 1.32

IR 18.5 12.3 A 1.51

] & H 57.7 28.9 A 2.00
=8Jilia # | 44.5 36.3 A 1.23
m B8 36.5 33.8 A 1.08
IR P 74.2 51.4 A 144

NETR 30.7 215 A 1.43

T & 15.6 9.9 D 1.58

TS 28.3 18.7 C 1.51

E i — 25.5 B -

K R 64.7 52.7 A 1.23

g 1l 20.1 10.6 B 1.89

T B 14.7 16.7 D 0.88

= 495 13.3 B 3.73

1B THES 65.6 43.7 A 1.50
rEilie EIRF 60.4 26.7 A 227
X i 71.2 46.9 A 1.52

A H 49.6 28.9 A 1.71

5 R 34.1 29.3 A 1.16

=5 = 19.8 14.9 A 1.33

i 58.6° 29.0 A 2.02

W 43.3 34.1 A 1.27

= B 36.5 31.2 A 117

= ¥ X # 32.7 29.8 A 1.10
W B 40.8 26.5 A 1.54

e F 37.8 34.5 A 1.10

= B 63.3 223 A 2.84

e A - 84.6 A -

o ARix 22.7 18.0 A 1.26
) TN JE _ 208 C -
it B #h (X E PN 12.3 7.0 1.76
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L7, HBOBVZL S TIRVREICEETLHILN b oTz, BN/ BT
W EETE IR VB ELZ R TIEEA B L 1.5 KIFVREL R T KILE
JBOHIET 1.0~1.2 ThH-o7z,
3.1.2 SHE- Z8iEAHIBIC BT K F IR ARE

2003 & 1 FFENCHIE L =B I HIROKFINRESL Table6lZ/RL, HEET
IZFEHE LT ZF A D HIR O K R IR R E ORFFELE Fig QIR LT, 58 EIX14E [
2o T, ZHIETOIRRIK, KIEIK, FHFKREBERKFOTRN R EZ ML CHELL,
1T RNCER B U 7= = 8 B30 MUk O BB K LU CTRE A L CUA7K3E 7K (Table6) 120 T
19~38Bq/1, IR K 145~276Bq/1& R T2, S IZ9EMTOEENL, KEK 11~43
Ba/1, #EIRAKIZOWTIE, 58~316 Bq/IThHolz,
3.1.3 ZHHRSRMEICRHIDERFINREDERE

EZHRAHO—RRICTBI BN L OBERL OTR U EEORBELE BRI LE
HiT, 2003 £ 12 A ETOMERMICOWTREL SRS Table1, Fig10~12 (R LT-,
SHE REORENOTRPEEE 10.3~274Bq/ i, FEIE 97Bq/nt. BN CIH1IEE
I ClX 16.5~170Bq/m, F¥IE 82Bq/ i, 2FE/EM T 8.9~122Bq/ i, F-H1E 60Bg/ i,
B TIE 2.3~50Bg/ni, B 21Ba/miDFEHEHICEBL, JETICL > TH R ELSEE
DM, F—HH THIKR B L NRIR OB HRIC Lo ChIEFICREREE O MELT
WHHDEEDLND, ZOHMFICB N TIEN - FRIZKITS Rn-222 BEEITREDORE
BEEBLEARRERL TD, BIMNZBT DIREIZ SRR EE N> EV LRV,
BRI OWTIE 12~2AREFTEVVEMZRL, 7~10 A IZHBAESEOMAE
Ermlic, BRRESEIEVOER, [RIEASEEBKL COEBICIVEI DR
BEDETICIVFRIN UEL Ao TWBEEDLNS, 11 A ~6H LEANE 2> T
B0, BHHTHYFEFAD TR TIRRES ERLTOELDLEDRS, =
DEEIH T IR E, 1EBLUENERLR>TOE0T, BRICLABENS EAL,
BATRAREIE BN/ BIMREILIT 3.5 LIRFICHR> TS, E1BBIY
2HEDTRREIZOWTIX, 2003 45 12 B ECTORERTIE, 20T 1D 0.73 L&/
TVD, 1992 XY 2003 FETICRE LB RE MK EIC Fig13,14 12, ZRENEN,
BACBTOREDEEHZR LI, ZhUcddE, FAUBATICBWTHEIZ > TAELE
BILCWDZENHDN, BN, BANOBELL BN BBIZEmEZRL TS, BTH
WOFTFHEIZBV T, WETIIREERIERUERZRL TOAEREL TRBY, KT
—HL TS, RRRMTICB I 5ER P IRELLERTHERBN TR, BACTR5EE
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Table 6 Eiﬁiﬁ!ﬁ(:&*ﬁﬁ'é*EP%F?;%E@%B%%%

I 5 (Ba/®)
r A ¥
| ME#HR INERE=5 =5 AGEX I =T =
[ io80% 11 g = = B0+ 50 558 * 0.95
19904 1 - — 1.1 =+ .45 1018 + 0.89
19944 gH - .54 *+ .48 57.7 += 1.80
19954 28 - .90 == .25 -
48 127 * 0.18 - -
SH 15.1 = 0.26 - - -
6H 128 = 0.31 148 + 0.57 781 + 051 100.3 ==
7R 13.8 * 0.3% 3.7 + 0.87 2.3t j= 4 0.46 161.1 =
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2. ~ 9. b o~ -~ - -~ 20 ~ 0.5~ 2547| 61 ~ 16.0 06 ~ 218 27 ~
4. & 2. 43+ 2. 45 + 54 %= 3.1 45 =+ 8.1+ 626 [ 100 =+ 30 80_* 55 107 __+
02 ~ 137 00 ~ 103 00 ~ 113 04 ~ 114 04 ~ 835 ~ 359.7| 00 ~ 177 35 ~ 318 1.7 _~
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DR D DIRNT280 84~360Ba/mEm<, SEHME 198Bq/m EFFFEEA 10.0Bq/nf
DKy 20 EER LI, BED OBHEDHKRFED 208Ba/miE B2 TNWDA, =7 —kD
HFFERT D SEO B EIL, BHRADHADND  REL TCOSME RS BHREAIT
FBEE LIS,
3.4 FKEBRE)IRRRICBITLINVBE

2003 ££ 12 A2, +RE/EEESLABO—AILET5E)INER, FERERIC
BIFAIRVIBEERE L, BRIZITZOVLEE L LWVDNAHR TLE LWERES /K
5y ETHRETHD, JHRIL 98°C. 4 9,0000BHL TWABEAA—DKE (BB
) THEHLTWD, M3mDEDJNE7220, BEMAZBEL T, 500m BN CODEJNERIZ,
SOICH EJIHRRICESTNS,
3.4.1 MERBREJINERICBITAERHIRBE

E)NERBIOF ENERICBITIDEIF IR REE Table8B LN Fig.20 IZ /RL
7eo EJINRRICBIOBNINBEOEBSITEEBT VI T, £ET 4.0~25.3Bq/
. T4 14Bg/ni Thole, BATR M EIZERVA T, Z58) 5.3~18.5Bq/nf,
¥) 10Ba/m CThoTz, HEJINRRIZBITHEANTNEEIIEE) 4.0~16.7Bg/ i, ¥y
8Ba/mi. BANI R IREIL 6.1~7.0Bg/ i, ¥ 6.5Bq/ i SIRRIBENEL, TR R E
IHEL L ThHoTeds BBRIR B LI NRR IO RELSTIEETLVVEE -T2,
3.4.2 KEAREJNERRIZBITEKFIRARE

FJIER IO TERR U ARE H ORI ES Table9 L8 Fig.21 & RL7=,
ERBHEREOEED 90CL EEFmNILbhHoT, HEJNRE., EJIRRWOTIUICRBN
THKRF DTN AREIMEL VT, K& T 2.1Bg/0E FEAER/IMEHBRL LT
BT,
3.4.3 BKHEEBRENERBEDICBTS y fRER

FHEBRE)INERBEIICBITS Fig22 OMEICBWT, vy BERER VM —~ R
—4% (Aloka PDRI01)IZEDBIEL, Table10 2Rz, ZHUTEDE, BT DS A
EREDPoTe DT, A A—=FTRE LT, Ar—)LA—/3— (20 4 Sv/h) LT=D T,
RNy MREE (PDM102) THERFMRIEL THELA, 38.4 1 Sv/h &7RLZ, KLY
IR SR K DFEALD H AL OFEAIH AT DOFHT, 0.22~0.96 1 Sv/h LHEHIE L
NTHST=DT, Eml- IV OHUEOR LD LIV ELIZFT, 2.6 1 Sv/h EE AR
EN I T T RNV DEA G R U T, A TR A, 282 BT
DT, v BREREFTOREIELT20,
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Table 10 EJILRREDIZHITH v HREFX

, 2003.12.26

B E 5 A (ﬁii/xm
® BEWM(ERL) 38.4
@ gL 0.12
©) Sk 0.17
@ Z 0.30

®  EJIEeR#t | TR@ 0.51~0.96
- ® Z ARE 0.64
@ Z HF E 0.22
® Z EEB1m 0.06
® " ERthE 0.25
® Z ERE L 0.25
@ " #6518 2.60

| SEEALRAER) 0.30~0.40
a $EE 0.27
@ " 0.11

@ KIERT(HE L) 0.36~0.41
® Z 0.27
® =X E = 0.04

B0 (D)—) 0.07~0.10
a =852 0.06
=i gl K) 0.04
0 &S O fHE 0.05
o) Z 0.05




3.5 FOMMDHIBIZISITBAK P TR EE

2003 FEICTE LK FIRBES Table! (RULEZ, AFZE= B HATICH #7248
DFHFK,IBRAKZEDBEEIT oL D THD, ZHICLDE, SEE X, BRE =8
ZEAR RS 642Ba/1 BIOZERNE R BHRIR S 350Ba/l Z7RL ., @ ThoTz, =
DL, —RENTARL L Tho72 3, FREEIRIR 7K 33 Ba/l, I B 7KIEIK 20 Bg/l TH-
7o LD 6T I GIR IR HUT TNV T ORI E BB\ NIk R UL T Thot, 4 ECHlE
LCERRRAKFREDKFTNARELZELD T Tablel12 (TRLTZ, Fex DFHELIZHE
ROBTE BRECIAHFERIE TR R, LEILR, Z8RRRE T, Z0Mix
THEL T ThoTz,

4, F&

AHEAFRICBIT 54 OREICESMA BRI OIS AEREFICBIT S A TY
T BRBIHRIC LAHITE, KEREILE W, ZOSBRRPOTRY . b Hil A
FRAZTE DWW A EDNEHLI D TR2ED 1/2 %2 5D T3, B2 1E B SRR
JRELT, K40 &L, UFRF, MY LRF2E DORS HEEFENIA AR L QOB A,
ZDERBEDFAITHBEICREFEIN—RTITRV,, [RIERENEEETHDITR L,
M ATEARR TEEMFOUTUBION Y AEFEARE L CAEFRREIZRHSD28,
EFENTRERE T, ERICITHEE T ERF CHEL TMOERBICELL, ZDOH
BAREED Po-214, Po-210, TI-208 MR ERHIEIRERD, THHD BN DOEE T4
ERERMFICREEELZT, BTl KELEECHEREICL-> T, B, BT,
ZERIRNICH RESEEIL, EOBENA LB TIZAv, £2C, BUBEICRITATR
B OV D B A BAZ FE OO I8 BE 43 A7 O W TE DSk RE A EfE S B L &b, AIE Rz
BIFLEB RO MEERL CODILNEETHD, IHIZ, TOREL~UZEUTHE
BEROEERICEITZ BRI DOFIERENE ORE CTHAEFML ., 0
RIMEHERL TRZENEE T, TOERHT — X O GERIRE N LETHS,

FETDHIREL I, SFEIL. ZFHER Mg O REN2E B R R B
TR by R ORREA MR DREZ MR T 2L b2, HARICBW TR EIRREL
THARKAREE)NER, FFEINRRIZONTS, AERIELTIMA, R HIEE LT
EEARRTZ SO RBEDEL, TR B UEE T B R B OREE T IC BT 5
BRI OMEE T o7
(1) ZHERHXBIORER/NERICBITRFRBL O BB AR T I LR
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Table 11 FDMDEHDKPSK EE (20034F)

- KepSRY B E
RS BE | n (Ba/1)
ItisE iR BEk | 1 051 + 035
E I BRK |1 0.62 + 028
I B2 1 EB)IER Egk | 1 9.90 + 038
Kk | 1 19.6 + 039
EE SEREMTE R Bsk | 1 350 =+  1.80
=Ek RV 642 =+ 2.30
BK 2
625 ~ 658
5%.71,; ) 84 .i 0.29 -
(_Fl}ll,) 82 ~ 86
BER R 7K 1 107 =+ 0.70
=3 ] IR R 33 + 035
ER 4
32 ~ 36
B BRI 6.6 =+ 0.29
FFEK 3
6.2 ~ 7.4
EFHE %4 E mRk | 1 (ND)
KK | 1 3.2 + 029
B4R MHZER BHEK 3 (ND)
BHE Bl K&Kk | 6 (ND)

KEEF BREAK | 2 - (ND)
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Table 12 KPSFVREERERER
a1 7}<¢5P>;’;;'%r§(si/l)
F19{E e iE
SR MERR 470 5123
BFURR 6.7 6.7
SRR jth A 85 R 1349 9696
ENME | ZEHER Ui b 1999
RR 176 316
EEE JIIFaTH ‘ ER 7.5 19
BEHRER 8.1 26
BR[| ILRER. BeEEE 24 3.9
BERER BEKE 7 22.3
=ER FiE 1.07 1.4
=R RN R R 0.6 1.1
EHIER 12.7 13.9
EAR RERR 9.3 10.6
SHhER 286 29.2
AR TaRR 5.7 10.9
EHE BEER it 26 3.5
MEIRLE HiERR ND 2.5
BRR B R IE R 9.8 10
BHE |HEFRILES 8.7 24.8
MEE CEJNBR 0.8 2.1
ataE R (AR RIE) SK>-222 74Bg/l BLE
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HFOIRREOREBOREZMHEEL, OFEMOBELH CIX, EELBVVERE
LTz,

(2) ZEIEBHIRICBIT2EN, B TR BEOHME ST EDBIROFAELE T, 1EH
BB LOBENEL, KB OHIB TOTNAREITEN,

(3) KEEBRE/INEREOFHENBRIZOWTIE BERIZFELTHY, ZEFIRVEER
F ORISR FOTR AR ARRKDOEEMEN T IRRKIED 90°CLL EEEL, SR
BEIHEL SV THDHZED 30T, LU, v BREROBE O H RS R E L TV
DT, 51tk v BAZFESHTL . B RS EEFEO B E DRI OV TEZELZY,
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