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Effect of the volcanic activities of Mt.Sakurajima on human health

Ichiro WAEKISAKA

Abstract

An area covering a radius of 50 km centered on Mt. Sakurajima was divided
into 10 regional groups by concentric circles and the mortality figures for all causes
and for selected respiratory diseases covering the 15-year period 1968 to 1932 were
compared among these regional groups. Patterns for the annual variation of the
corrected mortality rates for all causes and for the respiratory disease combined
for bronchitis, bronchial asthma and emphysema were reexamined in relation to the
volcanic activities of Mt Sakurajima. In addition, the number of deaths covering
the 3-vear period 1982 to 1984 in the area combined for thirty-nine cities or towns
located around Mt. Sakurajima was investigated for the relationship between the
number of weakly deaths and the coincident levels of volcanic air pollution on the
basis of every two weeks. Results are as follows;

{1) In the regional groups within about 30 km from Mt. Sakurajima, the number of
deaths from bronchitis, emphysema or influenza exceeded significantly the expected
mortality for the standard population. Moreover, a consistent declining gradient in
the standardized mortality ratios (SMRs) for each of these categories of disease was
observed with increasing distance from Mt. Sakurajima among these regional groups,
suggesting that the volcanic activities could be associated with the increased mortality
from these categories of disease.

(2) The number of deaths from all causes, bronchial asthma, acute bronchitis, lung
and bronchial cancer or pulmonary tuberculosis also exceeded significantly the expected
mortality in the area as a whole, while the number of deaths from pneumonia was
below the expected one not only in the area as a whole but also in each of the
regional groups. However, no consistent declining gradient in the standardized
mortality ratio for each of these categories of disease was observed with increasing
distance from Mt. Sakurajima among the regional groups, suggesting that the volcanic
activity was without effect on the mortality for these categories of disease.

(3) In the regional groups near Mt. Sakurajima, a distinct rise in corrected mortality
rate of the respiratory disease combined for bronchitis, bronchial asthma and emphysema
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occurred in the year (1974) accompanied by the peak in the number of volcanic
eruptions, suggested a causal relationship of volcanic air pollution to the mortality
for the selected respiratory diseases in the area near Mt. Sakurajima.

(4} Results also obtained with the week-to-week variations in mortality during the
3-year period 1982 to 1984 in the area near Mt. Sakurajima showed that the average
number of weekly deaths increased during the following weeks rather than the weeks
experienced a weekly maximum of hourly SOx wvalues as high as 0.2 ppm, suggesting
that the excess of mortality would have occurred during the period experienced
heavy volcanic air pollution.
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Fig.1. The study area for the relation of volcanic air pollution to the week-to-
week variation in mortality
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Tablel The mortality figures for all causes and for selected respiratory diseases
covering the 15-year period 1968 to 1982 among the regional groups class-
ified by the distance from Mt. Sakurajima

Popula- All causes Brohchitis | Emphysema Asthma Pheumonia Acute
g lim| ol Broaais | Le cancer | Influensa | Oy,
2 tion Qbs. Exp. Ohs. Exp. | Obs. | Exp.| Obs. Exp. Obs. | Exp. Oha. Exp. Obs. Exp. Obs. Exp. Obs. Exp.
E 5| 1184461 7141.1 7198.2 78.5* 46.9 | 252 207 90.0 70.2 290.7 | 312.3 : 214 95.3 19.8 14.3 184.9* | 146.0 152.3* 1005
3|10l 1000395| 66487 | 67182 | 54 | 439 | 240| 196) 93.1°) 658 246.0 | 291.9* 50 | 25 | 12 | 133 | 17447 1375 13610 04.4
S 115 2614004 | 164091 | 167082 | 1327 | 1107 | 59.3| 49.2| 242.3%| 1648 | 60281 729.1° 617 | 590 | 466 | 334 | 4316%| 3427 | 285% | 2345
S | 90| 3460702 | 233544 | 23596.8 | 189.4 | 159.2 | 90.1| 706| 3202%| 2351} 867.9 \1027.37 04 | sia | esor | 477 | sspa| asee | 4771r | 3314
£ 195 | 2a7sise| 216686 | 21758.3 | 1637 | 1560 | 725 68.4) 527.0%) 2252 VB0 978 980 | 823 | 518 | 459 | 4861 | 4521 | 4023t | 3021
5|50l 2210273 | 222886 | 220820 | 1700 | 1612 | 585| 69.9| 365.2¢| 2305 | 8404 100657 1140* | 847\ 568 | 471 | 4658 | 4591 | 3798 | 305,
o |95 | 2412847 | 242305+ 236958 | 1719 | 1713 | 56.3| 737, 300.0%| 2460 | 835.4 10783 1097 | 909 | 600 | 504 | 4909 | 4876 | 42200 | 32 .
§|io| 2322015 | 234740+ 22036 | 1789 | 1662 | 48.1| 712°| 3493+| 2879 7754 \104357 ' 154 | 877 | e7st | ase | 4685 | 4726| 4230 312'2
2145 | 1se75es | 186734 | 18670.8 | 1682¢| 1364 | 354) 577 27647 198.17 657 852.2* orer | 71e | 73sc | 306 | 3me | as3s | 45660 | 2500
50| 1519607 | 15747.0%| 15105.7 |, 1155 1110 | 35.4| 46.8 | 2551*( 156.6 562.4_ 687.9* ; 1740 53.0 612 399 2171 210.0 297:1* 207:0
*
Total | 21079084 | 179727.4% | 178479.6 | 1424.2* 1262.8 | 504.8 [547.8 [ 2718.5% | 1825.2 | 6466.0 8002.3 8215% | 6672 | 5254+ | 3727 39752 | 3678.0 | 3474.8% 24723
Note : Obs. — — — Observed number of deaths
Exp. ——— Expected number of deaths
* — _ —Statigtically significant at the 1% level

Table 2 The mutual relations of corrected mortality rate of all causes or respiratory diseases

to the number of eruption times or to the distance from Mt Sakurajima
Corrected mortality rate of all causes per 10000 popuiation : Corrected mortality rate of respiratory diseases per 100000 population
Year | ET Distance from Mt. Sakurajima (km) rotal | RE) : Distance from Mt. Sakurajima (km) .
5 1¢ 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 P Total | R
Tooal 371 651 | 643 | 639 | 650 | 637 | 624 | 613 | 823 | 608 | 636 | 640 -072% ) 065 | 1696 | 1671 | 1766 | 19.56 | 19.71
_ ) . : : : : 1595 | 16 -
1963 | 22| 665 | 660 | 660 | 665 | 651 | 639 | 635 | 646 | 623 | 642 | 655 0ETY 500 | 1708 | 104 | 0a0 | 1858 | 1670 | 1643 | 1572 | 1650 | 1oz | 208 | 078
1970 | 19| 687 | 689 | 688 | 693 | 687 | 676 | 658 | 654 | 645 | B7L G 680 ) 0.79%} 1702 | 1864 | 1792 | 1836 | 1935 | 1824 | 1695 | 1923 | 19.03 | 1590 | 1841 | 010
1| 10| 662 | 646 | 642 | 65¢ | 650 | 642 | 651 | 648 | 611 | 650 | 650 | -045 1287 | 1522 | 1557 | 1500 | 1500 | 1515 | 1382 | 1226 | 1335 | 1542 | 1447  -0.16
lo72 108 | 627 | 643 | 640 | 632 | 628 | 633 | 650 | 646 | 626 | 641 ) 640 021 ) 1722 | 1523 | 1533 | 1621 | 1689 | 1430 | 1522 | 17.29 | 1832 | 17.76 | 1646 013
to73 | 144 | 650 | 651 | 647 | 652 | 663 | 667 | 676 | 655 | 652 | 695 | 664 | 0847} 1940 | 1695 | 17.06 | 1660 | 1689 | 1671 | 1706 | 1569 | 1510 | 1602 | 1659 | -0.79°
1974 | 362 | 6.45 6.28 6.25 6.37 6.56 6.62 | 6.54 6.56 6.44 6.50 648 | 0.55 1966 | 18.74 1 19.40 | 1820 | 1554 | 17.03 | 14.73 1956 | 14.99 14‘53 15'04 _0' *
1075|199 | 611 | 615 | 618 | 628 | 647 | 666 | 661 | 650 | 634 | 665 | 6441 079 1704 | 1533 | 1482 | 1573 | 1353 | 1367 | 1521 | 16.41 | 1359 | 1624 | 1499 70'88
lo76 | 176 | 619 | 620 | 632 | 637 | 663 | 663 | 659 | 655 | 646 | 678 | 649 087 1607 | 1554 | 1580 | 1572 | 1656 | 1767 | 1447 | 1604 | 1458 | 1696 | 1598 70?2
1077 | 223 | a1 | 620 | 616 | 618 | 624 | 638 | 650 | 640 | 637 | 673 | 631 ] 077" 4 2181 | 1767 | 1720 | 1594 | 1593 | 1707 | 1322 | 919 | 105 | 1033 | 1419 | -092°
lo7s | 231 | set | 582 | 577 | 579 | 586 | 602 | 620 | 642 | 656 | 655 | 606 ) 082} 10 | 1538 | 1508 | 1288 | 1o | 1o7b | 1aat | 1000 | 14a1 | 1554 | 1331 | oo
1079|149 | so1 | 600 | 604 | 597 | 598 | 613 | 630 | 633 | 617 ) 648 | 609 | O&7TH | 1501 | 1516 | 1548 | 1448 | 1173 | 1388 | 1488 | 1112 | 1261 | 1375 | 1345 fo'gs
rosol 2771 636 | 622 | 620 | 613 | 597 | 613 | 643 | 644 | 631 | 686 | 622 056 ) 4 1379 | 1453 | 1470 | 1316 | 1064 | 109 | 1370 | 1240 | 1265 | 1666 | 1288 | 0.03
1081 | 233 | 586 | 593 | 595 | 586 | 581 | 621 | 651 | 646 | 621 | 662 | 610 | 083 1500 | 16.00 | 1504 | 1450 | 1106 | 1354 | 1662 | 1401 1512 | 1530 | 1438 | -0.14
w0z | 233 | 577 | 572 | 572 | 566 | 575 | 595 | €3¢ | 643 | 617 | 618 | 598 | 0817 1112 | 1296 | 1343 | 1301 | 1L72 | 1175 | 1299 | 1344 | 1424 | 1305 | 1266 051
Total | 626 | 624 | 623 | 625 | 628 | 637 | 645 | 646 | 651 | 658 | 635 | 0817 |4 1673 | 1586 | 1592 | 1558 | 1401 | 1531 | 1500 | 1443 | 1475 | 1537 | 1521 | -0.79*
R(L) | -0.56% | -0.65% | -0.64% [ -0.63* | -046 | 021 | 011 | 021 | 038 | 017 | 051 L 006 | 018 | 007 | 040 | -0.64% | -0.46 | 043 | -0.47 | -0.43 | -0.31 | -057*
Note:ET ———— Number of eruption times :
R{1)—— Correlation coefficient bettween corrected mortality rate and mumber of eruption times.
R(2) Correlation coefficient between corrected mortality rate and the distance from Mt. Saku
#— — Statistically significant at the 5 % level
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Fig. 2 Standardized mortality ratios for all causes and
for selected respiratory diseases by the distance
from Mt. Sakurajima
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Fig.3 The week-to-week variations of eruption times, volcanic ashfall, maximum
of hourly SOx, average of hourly SOx and death from all causes during the
3-year period {156 weeks) 1982 to 1984
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Table 3 Frequency distribution for the increase or decrease of weekly : 0.1ppm LA E, 0.05ppm bA BRI FNRIEORIE DR S & O TOIRTENEM - WP
deaths arranged by weekly maximum of hourly values of SOx n B A EORD HH D Hid v 2y (x¥=4.57, f=3), ZHcHL, TR B e
h i i - i H . . . X
on the basis of every two weeks during the 3-year period Lcase. Ml (1) = 54T 0.2ppm Bl E il £ B L 7= o0 it 2 BT
(156 weeks) 1982 to 1984 . i . ) L
gl EEME L THINLTCHED, 0.lppm Ll E 4SBT ENTHR BT 2THE,
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i 20= N s 5
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0~g5§ 13 20 23 21 ég 13; Lok b, Mg (1) idvTid 0.2 ppm LI IRE & Bl L 7z 8o dGE Tl 238 & L5ET
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020 5 0 5 {} 2 2
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g‘ggf ég gg 122 gi ég 1(3); Table 3(h) Rearrangement of the frequency
i distribution for the increase or decrease of
. g%gi i g i i é 3 weekly death in the area combined for
005= | 14 | 19| 33| 23 | 14 39 I+ or H4+1IV
®) 0.05> 51 62 | 113 | 43 66 109 ;
020 | 2| 3| 5| 2| o 2 - s;:;y_ SO; I | D |I+D
o | 01es | 2| 2| 4] 4| 3} 7 bb
0.05= 15 18 33 12 25 37 0,20 3 4 7
005> 48 65 113 | 49 60 | 109 1410 0.10=< 4 7 11
020= s | 2 1 21 o 2 b 0.055 | 38 32| W
o= 0.05> 102 | 120 ; 222
v 0.10= 3 1 4 4 3 7 ik (A)
0.05= 15 18 a3 | 12 25 37 : 0.20= 5 2 7
005> 47 66 | 113 | 50 59 109 f-; 0.10=< 4 7 11
1 O-+IV | gos | 35| 35| 7
{A) — Comparison of weekly deaths from all causes for the sE 0.05% 95 | 127 | 222
week experienced respective weekly maximum of hourly b
values to those for the preceding week b 0.20= 7 0 7
{B) — Comparison of weekly deaths from all causes for the o [+1II 0.10= 6 5 11
following week to those for the week experienced respective : f 0.05= 25 45 70
weekly maximum of hourly values N B 005> 109 | 113 | 222
SOx— Weekly maximum of hourly values ) ®) 0.20= 4 3 7
Kagoshima — SOx values at Kagoshima City Hall 5 0:10; N 31 11
Tarumizu — SOx values at Tarumizu City Hall TV e o6 | 44 | 70
I Increase of deaths from all causes i 0105; 101 | 121 | 222
D — Decrease (including unchangeable) of deaths from all -
causes ) SOx — Weekly maximum of hourly values at Kagoshima City Hall for the areas
: I and II and at Tarumizu City Hall for the areas III and IV
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Table 4 Frequency distribution for the Table 5 Frequency distribution for the
increase or decrease of weekly deaths increase or decrease of weekly deaths
arranged by weekly ashfall on the basis arranged by the number of eruption times
of every two weeks during the 3-year on the basis of every two weeks during

period {156 weeks) 1982 to 1984 the 3-year period (156 weeks) 1982 to 1984

Study | Ashfall | A | B D Study | pp w | B D
area |g/m/wk | 1 lpl1|D area 1lpl1|D
300 21 31 3| 2 5 15 6| 41 4 610
I 200 o 2| 21 0 2 I e |11 9410 91(20019)
100 6| 4] 41 6 10 5= | 26313112657
100> 72166 71|67 138 5> | 3731135133 |68
300= 31 2] 21 3 5 15= 51 5| 51 51¢
I 200 ol 21 1|1 2 1 W= |10]10| 712 (20019)
e 41 6| 5| 6 10 5= |21136|26(32]|57
100> | 6474|6375 138 5> 135]33]34]|34)68
300= 20 31 3| 2 ) 15= 51 5| 4| 5110
I 200 1] 1] 151 2 I 10= 7113113 6 [20(19)
100 41 6 4| 6 10 5= | 2928|2136 |57
100> |60 (785879 138 ) 5> [26]42 29139 (63
300= 312 1| 4 5 b= 41 6| 4| 6|10
v 200 11 111 2 v 10= |11] 9 9|10 ;206(19
100 3 71 6] 4 10 5= 123(34118]|39 (57
100> | 6177|6078 138 5> | 301383731168

(A — Comparison of weekly deaths for
the week experienced respective
ashfall to those for the prece-
ding week

{B)— Comparison of weekly deaths for
the following week to those for
the week experienced respective
weekly ashfall

(A) — Comparison of weekly deaths for
the week experienced respective
eruption times to those for the
preceding week

(BY — Comparison of weekly deaths for
the following week to those for
the week experienced respective
eruption times
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Rt e L O RIRE AL b e T ¥ 0w s olE L H 29, Bl LoFRE LTk
AT B ARG e S s & DB R B TR PR T, R IR Tl SR B
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KB AR T OBIE B HEE L IR SR A T B, Fok
BT Bk 2 b b b B AP0, = HEOBIRIS AR IR T g LT
AEOBREIEL 72 b OTh D, KBRS TR X AR B 2 5




56

%%ﬂfw&wﬂﬁﬁl,ﬁﬁtmﬁmuﬁﬁmﬁzm*#%tﬁlomﬁ%%i%@&ﬁ
ﬂ@&%&wmﬁ,%mwﬁﬁﬁm%ﬁ%ﬁmzﬁi,ﬁ%%&mmwmkﬁk%ﬁ%km
%muﬁb(ﬁéw:t%%%k?%&f@%%ﬁ%éﬁ,EﬁiWW%$ﬁm##bé%
ﬁ%ﬁﬁt@?éﬁkﬁﬁd%%ik??%:tuKﬂ%T%%ﬁ%%in@,%@%&@
gty L O BT CEniavELS 5,
ﬁ%ﬁ%%t%mﬂﬂct%m?%éﬁ,M%km%ﬁmiékﬁ%mﬁﬁﬁmHO%ﬁ
mf%é:tk,AH#%Kmi#6%E%ﬁcomfmﬁm%&%$%¢%@%%ﬁtﬁ
éu&bﬁ%%éi&@@%?%of,%%v&»momf%m%ﬁ%#emﬁ%,%&w
VL SE R FHE I DT OB L H B,
m%%mmmmxm%%%m%qu,Am@%%%ﬁtk%ﬁ%%kw5;0%%W%
m%&%%m%m&%mﬁﬂtﬁﬁ%Bwt#E&mﬁTmﬁmiuﬁbﬁﬂHanﬁm
%ﬂt%T%WUuﬂ%%%mmﬁﬁ§%mﬁﬁ%&ﬁbfw&ﬁ,wxm%nﬁ%éwm
%ﬁﬁ%kMW@kmﬁzmowfmmﬁd%ﬁmnuﬁbhfﬁ%f,@%ﬂtﬁ@ﬁﬂ
@ﬁﬁmﬂﬁﬁ%ﬁ%%ﬁT?ﬁwcL#Ltﬁ%,%%ﬁ?ﬁ#&Uﬁ(i?ﬂﬁ%@T
é:&%ﬁ%LTW%ﬁﬁ%&%nm,%ﬂ%@*ﬁﬁ@%ﬁ%ﬁt%wﬂﬁ%%%ﬁ7ﬁ
4?v&lﬁﬁ?®ﬁﬁ%ﬁ%§ﬂfw&”%
ﬁ%ﬁ?,M%%$®ELtﬂﬁB%Tm%@%ﬁ%A%k,%%i%,ﬁﬁﬁ,4?7
»lyﬁm%ﬁ%ju-tE?é%t%ﬁﬁﬁ%tﬁwﬂﬁ?m%ﬁﬁ%:i<%<,ﬂﬁ
whntﬁ@Wtﬁwfm%mﬁwﬁbeﬁwﬁ«&:n@@SMRﬁtmm@ﬁﬁ%é:
tﬁ&tm%ﬁﬁo%ﬁ,ﬁ%#%mkmutnfﬁ%%ﬁm¢®%ﬁﬁinfﬁﬂ,ﬂﬁ
%@kLfﬁ%%ﬁﬁ%%%m¢Kkm%ﬁﬁ%%ﬁﬁm%gﬁﬁﬁwa%ﬁ%ﬁ%ﬁw
ﬁ,%ﬁmwmﬁﬁﬁ(ﬁﬁiﬁ,%ﬁﬁ,%E)m%t$m&$m&%%ﬁu,m%tﬁ
wﬂﬁtﬁkaMEﬁmuﬁL#otﬁﬁ—ﬁ?é%tﬁmiﬂ%%ﬁ?%%:t#B,
LN EROATERBTCELW—HLH L,
é%ﬂl,$%ﬁu,H%mﬁﬂ@m@nﬁﬁéﬂﬁﬁtﬁmﬁmﬁ%,%mﬁmﬁtﬂ
ﬁ&%%ﬁ%ﬁﬁLt@m@ﬂu%tﬁﬁ$ifwé:a%%%Ltu:mﬁwsmﬂﬁi
%%#%%m~wkm@&ﬂtMﬁT1ﬁﬁﬁ&ZWmuiT%of,:@%ﬁﬁ%ﬂﬁ@
D I 513 AD BB L OFIE b vt BB EICEV N TR L » EEREDH
%ﬁ%ot:t%?ﬁéhéL,ﬁ%%@ﬁmﬂ%<&pmﬂ:%%Té%%E%%U%é
E%ﬁoébti,Eﬁﬁ%imﬁﬁtkmmﬁﬁﬁtht:t%%ﬁTﬂ@,%ﬁ%ﬁ
@ﬁﬁﬁ%%tf,%mﬁm@#ﬁ&Lf%tﬁm%muotﬁotémkﬁﬁén,:n
@Whﬂérﬁ%%tJK%ﬁﬁttﬁ%f%%t%ifiwﬁ%ﬁc%WETH##%%
%%ﬁm&awotﬁ,:nm&mﬁfﬁﬁfa%%mmu@mf%mmf%n,%%%m
WO a N ELEENTWRRHTHEL I EHZL DL, R B ST & B HA TR
5:tuﬁﬁmmmw@L?W%§n&th,§§mﬁ%%ﬁm%tcme1mﬁﬁf,
@mf%imﬁﬁﬁ%otﬁn%tﬁﬁ—ﬁ%m&i%:kﬁ%%:&%ﬁ@#&ﬁﬁ%ﬁ
Tﬁﬂm,%W%A®@§K&0T¢<%%@thi&wﬁéio
ﬁﬁ?uuﬁkmwﬁuéwﬁ,A%m@%ﬁ%%t&%iﬁ&%ﬁ&(,%%m&iﬁ

57

KB L TORENEIT L - TWAITNY, FOHRICH AMEAOREIC DWW THERENIEL
o Twd Los %, 19804 5 Ao St. Helens Lo KBF IR LTLRELBET
Bolht, FILTLBEEORSEFEC & BT iE AR~ — Btk e) ESGER BT 2R
FEROBEIEMEN TV RIS T EL WY,

Lanl, 22 2 agiiho sy b EOhh 24, KWK Z B RA S TORES
L b7 e SEERE R N Twb, FiLbid, BECAIBETSZ L) &M TIILWE
LT, EBREMC Lo TIEBMic >%b 5 LI wRELBILTED, B, SEED
KWK EAL 29 3 L 9 7% fetbhs b AU AN Z b2 B 6L 3L 2 L 205
Wl T\ B AT, I IR A T3 ERB AR 2 B WIET AR L AP, HH i
TRA FEELP A LHTELTY, Ny 775y FEFEEICENZ 2L, kKUROER? S
7 LR B TE L bR wE S TR,

HEOBASL, BHEME W &L XN L2 XEFRES L ) BRET, BKER
BRRHTOGETEVW TS 2 1HIC 1kg/miE 222268250, Bo CRRERWHC
L2 rBEhRaMMEIEEDCH, TOREEREOBEEERE LTE b T 5 TR
Fedl 3 bR, W, RIS H D FORBRASEC By e FENELTH R WITR
¥ooOkIGEEN D UE LA BB Y LT, AEOBEL RATRFHAL 2B OA
BB RE ORI EES B E TV A 2 L EHA L0 s - L HEE LSRR
DLHTHEHI EEZ D,

B #

BB % i LT 850 km o Hugix SEEERIRE 5 km o[ LPY Iz & - TL0MBIC K5 L,
FAb RSSO M T, EFI434E D L 574F £ TO1SE M O RSE R NI & MR RB B
LT A B L, SEARCER, REXE, MAEZE e L 2IPREREORIIE
FECEOERER kB O BRI L DR A BRI L 2, X, BREEO9HITRORTC
DN, 1TEZEORCHE FoBE0 SOx B, BKE, BEEHEL:OMGEEL 2HATL
VZIBHRIB7T4E A H504EM 3 EMIC b2 - TR L2, #HRIEUTOZELTHE,

(1) #E7 5 EEE30km PAGKSHIEIz BT, AFXE, MaEsLovf 70z
Wie L ARTERIIEBEAD S TEIHLWRECH L VARC S, -7, L2b, N
5 DR BIc i, FES T ) — OB OARE IR I B H OIEBRICRI L T
— RO BEER A A S, KBS I L DERIC L 2ETEEH L 2 LICEFEL Tw
LAEEME R Y 5,

(2) WIEERIECAEE, AESE IR, MELCREEOTERER, NRIbEERE L TH
A bd, FORSHBIC ST LB TH IV Shh oz, BiCER, ZALDST
T = BT RO, Rl c—gnaiMmn s Ried, Ih
HOBEROFEC N -3 L TR BB KINEEOREI W TR INSG,

(3) BEICIEWEKS RN T, RELR, A, R HH 2 IFIRERREIE DOF RG]
STEFTEE, kUOBEEHS C— 2 2 RULE (1947F) 12— L TEAELTHY,




g

58

BRI BT, ZRsaAT Tl — IR 2 A B OEMSET I T 5 Al
R f%@w%%ﬁﬁTw§ﬂﬂa

W) BN BT D 3 EH (1982~1984) MFETE AN I3, THERMN
T HE 0.2 ppm @ & 9 B\ SOX BE O — RO BEESHEAL ZBL V3T L S
FOBOMIZBVTHENL TWE 2 EaREN, ZAEEENKIERRBERY S - 721
B BEE T ABETWwWe I 2 TETE2LOTH S,

3 #t

1) FLEME R R BT AT S | AER I 5 RO AMRRENZBE T 5 R IE (F55l
HoRaEE), po118 (1981)

2) WTFHHEN | BREBTE L OB ARER (BK) #HfE BRABRFTFHFLRS
218, 137~159 (1979), 22%, 139~155 (1980), 235, 133~151 {1881)

1) Shirakawa, M. et al.:Experimental Studies on the Effects of Mt Sakurajima
Volcanic Ashes on the Respiratory Orgaps, Jpn. J. Ind. Health, 26(2), 130~-148
(1984)

4) HFHMETL  REBKROZECE LT TREICET 29, B, 54(3), 235278
(1984)

5) MaRR—ERSh  IRIR SRR AR L A TR R B X LES ORE, RO
30(3), 109~116 (1983)

6) WERR—ERY BB X LB EOME BIT TS, EARLHES 30(3), 101--108
{1983)

7 BME RN, | BRI 2EOMRA~OBE, BRSKPESER, 34, 437~
443 {1983)

8) Toyama, T. et al.:Seasonal variation of daily mortality in Tokyo City, Keio
J. Med., 24, 253~260 (1975) ‘

9} Mac Farlane, A.:Daily mortality and environment in English conurbation, 1, Air
pollution, low temperature and influenza in Greater London, Brit. J. Prev. Soc.
Med., 31, 64—71 (1977)

10) Greenburg, L. et. al.: Air pollution, influenza and mortality in New York City,
Arch, Environ. Health, 15, 430438 {1967)

1) PR, REH T BE U I mEckin, 21, B3 W, s, 37
(1), 301~303 (1982)

12) ShlEN BB XIUKOD 7 T4 7w > ki F ok, KRAGYRZERMEE, 15(4),
27~3% (1980)

13) BRBR—BRA ¢ BB KILIEEIDTETIRIC B 2 H B, HALWEE, 31(10), 548556
(1984)

14} CDC: Mount St. Helens Volcano Health Report, No. 2~No. 10, Center for Disease

59

Control, Atlanta, GA, (1980)

15) Sanders, C. L., et. al. :Pulmonary Toxicity of Mount St. Helens Volcanic Ash,
Environ. Res. 27, 118~135 {1982)

16} Val Vallyathan, et. al.:Pulmonary Response to Mt St. Helen's Volcanic Ash,
Environ, Res. 30, 361~371 (1983)

17) Elaine, C. G. et. al. : Inhalation Studies of Mt. St. Helen’s Volcanic Ash in Animals,
Il. Host Defense Mechanisms, Environ. Res. 37, 84~92 (1985)

18) Wiester, M. J. et. al. : Inhalation Studies of Mt. St. Helen’s Volcanic Ash in Animals :
Respiratory Mechanics, Airway Reactivity and Deposition, Environ. Res. 38,
230~240 (1985)

19) Heppleston, A. G. et. al.: Experimental alveolar lipoproteinosis following inhalation
of silica, J. Pathol, 101, 293~307(1970)




73

o | Wb R T — o\ BT

=

~
e




