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Health Effects of Sakurajima Volcano
Activities on School Children

Hidenori UDA
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Abstract

In order to examine the health effects of Sakurajima volcano activities on children, we conducted a questionnaire survey

of school children living in ash-fall and control areas during the period 1991-93. Histories of asthma-like diseases and allergic

rhinitis were more prevalent in the children living in ash-fall areas than in control areas. The prevalence of asthma-like

diseases was related to SPM concentration while the prevalence of allergic rhinitis was related to the amount of ash-fall and

SO. concentration. Further studies are necessary to determine the source of SPM and SO, in ash-fall area.
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Table 1 Number of school children and response rate in the six school districts during the period between 1991 and 1993

School district 1991 1992 1993
Tarumizu* School Children 865 811 840
Respondents (response rate) 834 (96%) 779 (89%) 794 (95%)
Ohsyu* School Children 159 148 150
Respondents (response rate) 157 (99%) 140 (95%) 147 (98% )
Ohou* School Children 155 152 131
Respondents (response rate) 153 (99%) 140 (92%) 124 (95%)
Yamashita* School Children 480 444 401
Respondents (response rate) 447 (93%) 312 (70%) 283 (71%)
Ohura School Children 204 196 198
Respondents (response rate) 199 (98%) 186 (95%) 193 (97%)
Sendai School Children 593 569

Respondents (response rate)

547 (92%) 531 (93%)

* Ash-Exposed Areas : Areas highly exposed to Sakurajima volcanic ash
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Table 2 The amount of ashfall and the concentration of total suspended particle matters (SPM) and sulfur dioxide (SO.) in
the six school districts during the period between 1991 and 1993

School district =t - Ll
Ashfall(g)* SPM(mg/m')" SO.(ppm)* Ashfall(g)* SPM(mg/m’)” SO:(ppm)* Ashfall(g)* SPM(mg/n’)" SO.(ppm)?

Tarumizu 501 0.027 0.007 1767 0.026 0.007 141 0.029 0.006
Ohsyu 615 0.035 0.029 987 0.039 0.020 72 0.030 0.015
Ohou 1773 0.027 0.007 1709 0.031 0.005 252 0.031 0.004
Yamashita 266 0.040 0.007 287 0.042 0.009 40 0.039 0.005
Ohura 2 0.027 0.006 i 0.027 0.005 2 0.025 0.004
Sendai 15 0.028 0.008 2 0.028 0.004

*

monthly average amount of ashfall during a year

" monthly average concentration of SPM during a year

* monthly average concentration of SO, during a year



e B KINEB DR ZE

D5966 A % RAZIFEHT E AT - 72,

I3, BRIKEE L PHREECRMEER L BEE A O ED
H &% HE L7 (Table 4). LT OB T, &3 2
EMICTAR TABMREZR - NEFTABRTEMZ
ZFHLIIEhHE] & [CABZI I bEMZZ],
(@ 3EMICHERIHRIEDORRA T 3 B EEK K
ARZEDRHD] % [HEETHK] LBEL TERT 5.
CABE L 2EMEZ, 7V F-MaERIIEKEIC
Sh otz WIIHTETHR LI-FE, LAKEDOH S
SEIRIKEE A ol L L, CABRRERDE
A ) OEEIIEEIKEE BB TREZETIRONE
o7z

(217)

RIZ, KGR - BHESZERE, REOME, BRE
HEOMMH, A CTORIFEOER, K, M, RORAEF
SLHEL TRV ERE L2EZ S, SHRE, K
BowE, KEPRIEEH, BEOK, K, WOSAE
RENFERREERTH 57 (Table 5 ). HLN72H
REIZHOERNZ ZTHREF L72HE LBEL TWwa Z
EHRLTw5. Table 6 IIHABFIZL D EMZZ
EE 2 HIBHNEARTERZRL TV A, M EILT O
BNERDFEIZCABFTEMEXZ LFEDOS W
e A. 7z, Table 6 11330 (B BRYE,
REOHE, KEPFRIFEER, MEOHK, K, HOH
F) ORBEWHIE LAy AHGRL2HS, FHIERTICH

Table 3 Sex and age distribution of subjects in the ash-exposed and control areas

Grade

School district 1 2

boy girl boy girl

boy girl boy girl boy girl boy girl

1991
Ash-Exposed Area* 132 120 128 126
Control Area’ 16 14 10 18
1992
Ash-Exposed Area* 101 98 110 93
Control Area’ 62 61 56 50
1993
Ash-Exposed Area* 97 81 116 103
Control Area’ 66 49 o 53

140 116 137 109 153 150 147 133
25 17 19 16 14 17 16 17

121 103 124 103 131 103 144 140
69 67 63 63 60 62 99 65

116 99 126 111 134 107 145 113
99 99 70 68 61 66 65 59

*Ash-Exposed Area : Tarumizu, Ohsyu, Ohou, Yamashita

"Control Area : Ohura, Sendai

Table 4 Frequency of complaints and medical history in the ash-exposed and control areas

Complaints or Ash-Exposed Area Control Area OR™ 95%CI* P-value
medical history +/Respondents +/Respondents

Cough 217974276 859./1651 1.0 09-11 0.520
Sputum 93374254 34471643 1.1 0.9-1.2 0.369
Wheezing 5334281 1801645 1.2 1.0-14 0.118
Asthma History 34974296 12371644 1.1 09-1.3 0.461
Seen by Physicians with Asthma’ 32874310 91,1656 14 1.1-18 0.004
Absent from School? 90174297 40471649 0.8 0.7-0.9 0.005
Urticaria 71974290 31971647 0.8 0.7-1.0 0.022
Allergic Rhinitis 974,/4251 271,/1634 1.4 1.2-1.7 0.000

*OR : Odds ratio and 95% confidence interval obtained from multiple logistic regression analysis adjusting for sex and age
"Seen by physicians with asthma-like diseases during the past two years
*Absent from school with common cold or respiratory diseases during the past three years
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Table 5 The association of complaints and medical history with lifestyles and related factors

Seen by Physicians ~ Absent from

Cough Sputum  Wheezing Asthma History with Asthmat School®

Urticaria Allergic Rhinitis

Passive Smoking

= 1 1 1 1 1 1 1 1

+ OR' 11 it If 1.3* 11 1.3* 1.0 1.1 1.0
(95%Cr)  (1.0-12) (09-13) (L.1-16) (09-1.4) (11-1.7)  (0.8-1.1) (09-12) (09-12)

+- OR 1.5* 1.4* 1.5* 1.4* 1.8* 5 L0 11 -

(95%Cr)  (L3-1.7)  (11-16) (1.2-2.0) (1.1-28) (1.3-23) (0.9-12) (0.9-1.3) (0.8-1.2)

House Struc ture

Wooden Frame 1 1 1 1 1 1 1 1

Alumi Sash Frame OR 0.9 1.2 1.7* 1.8* 1.8* 1.3 0.9 1.4*
(95%C1)  (0.8-1.2) (0.9-16) (1.2-25) (1.1-2.8) (1.1-3.0) (1.0-1.7)  (0.7-1.3)  (1.0-1.8)

Ferrocon House OR 0.9 1.2 1.5* 1.6* 1.6 1.5* 1.2 112

(95%CI) (0.8-1.2) (0.9-1.6) (1.1-2.3) (1.0-2.5) (1.0-2.7) (1.1-1.9) (0.9-1.5) (0.9-1.6)
Heating System

— 1 1 1 1 1 1 1 1

+ Ventilation + OR 1.0 0.9 0.8 1.2 1.0 1.1 0.8 1.0
(95%C1)  (0.8-1.2) (0.8-12) (0.6-1.0)  (0.8-1.7)  (0.7-1.4)  (09-14) (0.7-1.1)  (0.8-1.2)
— OR 1.0 0.9 0.8 0.9 0.8 1.0 0.9 1.0

(9%5%CI) - (1.0-1.1)  (0.8-1.1)  (0.7-1.0)  (0.8-1.2)  (0.7-1.0)  (0.9-12) (0.8-1.1)  (0.9-1.2)

Ventilation during Cooking OR 0.8* 0.9 1.1 1.3* 1.1 0.9 1e22 1.1
(95%C1)  (0.7-1.0) (0.8-1.1) (09-1.3) (1.0-1.6) (0.9-1.4) (0.8-1.0) (1.0-14) (1.0-1.3)

Number of Rooms<4 OR 1.2% 1.1 1:2* 1.3* 1.3* 1.2* 0.9 1.1
(95%C1)  (1.1-1.3) (0.9-12) (1.0-15) (1.1-1.7) (1.0-16) (1.0-1.4) (0.8-1.1) (0.9-1.3)

Pet Animals
Dogs OR 1.0 1.4* 1.2 0.8 1.2 1.0 0.7* 0.9
(95%CI) (0.7-1.3) (1.0-1.9) (0.8-1.8) (0.5-1.4) (0.7-2.0) (0.7-1.4) (0.5-1.0) (0.6-1.2)

Cats OR 1.3* 0.9 0.8 0.9 0.7 1.2 1.4* 0.6
(95%CI) - (1.0-1.6) (0.7-1.2)  (0.6-1.1) (0.6-1.3)  (0.5-1.1) (1.0-1.6) (1.1-1.7) (0.5-0.8)

* P<0.05

" Odds ratio and 95% confidence interval were obtained from multiple logistic regression analysis adjusting for sex and age
¥ Seen by physicians with asthma-like diseases during the past two years

§ Absent from school with common cold or respiratory diseases during the past three years

Table 6 Frequency distribution of shool children having seen by physicians with asthma-like diseases during the past two

years
School district asthma-like diseases,/Respondents OR* 95%CI* Adjusted OR" 95%CI"
Tarumizu 16572407 1.2 1.0-1.6 1.2 0.9-1.6
Ohsyu 49, 444 23 1.5-3.1 2.1 1.4-3.0
Ohou 187 417 0.8 0.5-1.3 0.7 0.4-1.2
Yamashita 96,1042 1.8 1.3-2.4 1.9 1.4-2.6
Control Areas 9171656 1.0 1.0

* Odds ratio and 95% confidence inteval were obtained from multiple logistic regression analysis adjusting for sex and age.
" Adjusted for passive smoking, house structures, ventilation during cooking, and number of rooms and pet animals, in
addition to sex and age.
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Table 7 Frequency- distribution of shool children with allergic rhinitis

School district Allergic Rhinitis/Respondents OR* 95%Cr* Adjusted OR” 95%CI"
Tarumizu 5422373 1.4 1.2-1.7 14 1.2-1.7
Ohsyu 123/ 436 1.9 1.5-2.5 1.9 1.5-2.5
Ohou 19/ 412 1.2 0.9-1.5 1.1 0.9-1.5
Yamashita 23071030 14 1117 1.5 12518
Control Areas 271,/1634 1.0 1.0

* Odds ratio and 95% confidence interval were obtained from multiple logistic regression analysis adjusting for sex and age.
" Adjusted for passive smoking, house structures, ventilation during cooking, and number of rooms and pet animals, in

addition to sex and age.

Table 8 Regression analyses of the past history of having seen by physicians with asthma-like diseases and allergic rhinitis
on the amount of ashfall, the concentration of total suspended particle matters (SPM) and sulfur dioxide (SO.)

Simple Regression Analysis

Multiple Regression Analysis

Regression Coefficient SE P-value Regression Coefficient SE P-value

Seen by Physicians with Asthma*

Ashfall —86.3 78.8 0.268 259 87.3 0.767

SPM 28 8.9 0.002 30.7 10.1 0.003

SO, 28.4 9.1 0.003 20.5 10.2 0.051
Allergic Rhinitis

Ashfall 134.5 49.5 0.007 141.6 52.4 0.007

SPM 13.1 6.2 0.035 11.4 6.7 0.085

SO, 25.4 6.5 <0.001 19.7 7.0 0.006

*Seen by physicians with asthma-like diseases during the past two years
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