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Research Report

The Effect of Heavy Net Sulfur Air Pollution
on Healthy Japanese Workers: The Relationship
of Lung Function to Long-term Exposure to Sulfur
Volcanic Emissions on Miyake Island.

Hideyuki UNO"?, Hyogo HORIGUCHIPand Fujio KAYAMAS?

Miyake Island (Miyakejima), a small island located south of Tokyo, Japan, in
the Pacific Ocean, has an active stratovolcano, Mt. Oyama. The volcano began
erupting in June 2000, and volcanic gas, consisting primarily of sulfur dioxide
(SO,), is still being emitted. We measured the peak expiratory flow rate (PEFR),
administered questionnaires (dealing with age, workplace, past medical history,
present incidence of persistent coughing and smoking habits), and did clinical
examinations (blood pressure, and height) of 100 Japanese male workers in
January 2003 by simple random sampling and cross-sectional study. We obtained
complete data for 96 healthy subjects. Although the measured PEFR/predicted
PEFR values, taking age and physique into account, tended to be lower in the
group exposed to high SO, levels than in the group exposed to low SO, levels, there
was no significant difference (Mann-Whitney U-tfest, p=0.886). We also did a
multiple logistic regression analysis on the measured PEFR/predicted PEFR
values using SO, concentration, respiratory diseases, Brinkmann Index and
systolic blood pressure (BPs). A statistically significant difference was on BPs
(OR:1.032 ; 95% CI:1.001-1.064).

We were able to conclude that our results could be attributed to measured
PEFR/predicted PEFR against BPs rather than SO, air pollution. This study will
present useful information that can be used for the purposes of discussing risk with
the residents of Miyake Island and other settlements located in close proximity to
active volcanoes.

(Key words : Sulfur dioxide, Volcanic emissions, Miyake Island, Lung function,

Peak expiratory flow rate)

Introduction

Miyake Island (Miyakejima) is a small island located south of Tokyo, Japan, in the Pacific
Ocean (Figure 1). The administration of the island is the responsibility of the Tokyo Metropoli-
tan Government. This isolated island has a circumference of 38 km and has an active stratovol-

cano, Mt. Oyama (775m). The volcano began erupting in June 2000 and had the largest recorded
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Figure 1 The location of Miyake Island (Miyakejima), one of the lzu islands south of Tokyo and
the 6 sites at which ambient SO, concentrations were measured. Site names were as
follows : A : Miike ; B . Tsubota ; C : Usuki ; D : Ako ; E : l1zu Igaya ; F . Kamitsuki.

eruption in August 2000. The volcanic gas consisted primarily of sulfur dioxide (SO,), with a
flux in excess of 40,000 tons per day?. A large quantity of volcanic gas (SO, flux, approximate-
ly 3,000-10,000 tons per day), is still being emitted by Mt. Oyama, accounting for as much as
1094-309% of all SO, emitted from volcanoes around the world. By way of comparison, Mt.
Kilauea in Hawaii is famous for emitting SO,, but the daily quantity of gas effused into the
atmosphere only amounts to 1,000-2,000 tons®®. In this context, therefore, the volcanic activity
on Miyake Island is one of the largest episodes of net SO, air pollution derived from a natural
disaster. '

It is well known that even brief exposure to SO, can trigger an asthma attack in asth-
matics?~®, as well as in healthy subjects”. In asthmatics, bronchoconstriction due to SO,
exposure can occur at levels well below currently accepted standards®. Reports of SO, concen-
tration on Miyake Island indicate that the concentrations still exceed various environmental air
standards. From the time of peak volcanic activity until February 2005 when the evacuation
order was lifted by the mayor of Miyake village®, all inhabitants were evacuated from the
island and prevented from returning home, despite cessation in seismic and volcanic activity.
The only people permitted to reside on the island from July 2002 onwards were civil servants
and contractors who were involved with the operation, reconstruction, and restoration of the
damaged infrastructure in preparation for the full-scale return. During that time, SO, emission
had not completely ceased.

In our previous studies, we investigated the medical histories of outpatients seen from July
2002 until June 2004 at the Miyake-mura National Health Insurance Center Clinic and the
respiratory symptoms of the inhabitants participating in a 3-day rehabilitation project during
October and December 2003. We did not identify any respiratory cases directly connected with
higher ambient SO, air pollution!®'?. Thus, in the current study, we investigated the potential
adverse effects of SO, air pollution on healthy workers using a simple lung function test (peak
expiratory flow rate : PEFR), which is more objective and precise than the approach used in
our previous studies!®V,

No reports have yet been published dealing with the relationship between SO, air pollution
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caused by a natural disaster and the lung function of on-site workers. Here we report the results
based on monitoring ambient SO, air pollution on Miyake Island and the effect of these SO,
levels on a simple lung function test (PEFR)!? of the workers. As well, we also report what

other factors combined with their simple lung function tests aggravated their conditions.

Materials and Methods
1. Prevention and precautions against SO, air pollution

Employees of the National, Tokyo Metropolitan, and Miyake-mura Governments, residing on
Miyake Island from July 2002 to the present, were permitted to work between 8 a.m. and 6 p.
m. every day except on rainy days. Recently-constructed accommodations equipped with
air-scrubbing systems capable of removing sulfur using active carbon were prepared for the
workers. The indoor pressure was maintained at levels that were higher than the outdoor
pressure to prevent the invasion of ambient SO, air. The air-scrubbing systems were activated
when outdoor SO, concentrations exceeded 0.1 ppm. As a precautionary measure, these
contractors were required to stay indoors from 6 p.m. to 8a.m. and were only permitted to
commute on the island by car. To prepare for any contingency, contractors were kept informed
of the locations of the nearest emergency institute, clinic, doctor’s office, or similar facility. In
addition, the contractors were always required to wear their gas masks fitted with sulfur-
removal cartridges (Chemical Cartridge Respirator, GM76, SHIGEMATSU, Tokyo, Japan)
outdoors when the ambient SO, concentrations exceeded the recommended safety levels'®
(above 2 ppm for a 5-minute period). Information on the ambient SO, air situation on Miyake
Island was made available in the form of daily handouts distributed by the Tokyo Metropolitan

Government’s rural administration offices.

2. Atmospheric SO, measurement on Miyake Island

The atmospheric SO, concentrations were measured continuously every minute, using
automatic UV fluorescence ambient SO, monitors (APSA-360, HORIBA, Kyoto, Japan, in
regions A-E;100-AH, RIKEN KEIKI, Tokyo, Japan in region F) at 6 locations (A-F) on Miyake
Island by the 3 Government levels (Figure 1). The SO, average concentration measured over
a 5-minute period was taken as being typical of short-term exposure. We then used this
concentration to calculate the yearly average for assessing long-term exposure. We used the
environmental air standards of 2 ppm, 5 ppm, and 0.04 ppm for the 5-minute period, as well as
for the yearly standard based on the Threshold Limit Value-Time Weighted Average (TLV-
TWA) as determined by the American Conference of Government Industrial Hygienists
(ACGIH), a Short-Term Exposure Limit (STEL) as determined by the American National
Institute of Occupational Safety and Health (NIOSH), and the Environmental Safety Level as
determined by the Japanese National Government, which were originally advisory limits
established for occupational health monitoring.

Given that the subjects wore gas masks, personal monitoring was not undertaken, as it would

not accurately reflect actual SO, exposure in individuals.
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Figure 2 The selection process used to screen healthy consenting subjects

3. Study population

We explained the purpose of this study to the relevant labor union and obtained informed
consent from 100 Japanese male workers by simple random sampling in January 2003, who had
resided on Miyake Island since the beginning of the full-scale return preparation operation that
had started in July 2002 (no females were sampled) (Figure 2). We finally obtained complete
data for 96 healthy subjects, having included 14 cases of hypertension (systolic blood pressure;
BPs=160 rhmHg) and 10 cases of respiratory disease (2 cases of previous bronchial asthma, 2
cases of old tuberculous pleurisy, 6 cases of chronic bronchitis and 6 cases of persistent
coughing). The subjects with previous bronchial asthma and chronic bronchitis had had these

symptoms and had received treatment before July 2002 when they had come to Miyake Island.

4. Lung function tests and questionnaires administered to workers

To measure the effect of air pollution on health subjects, we used the PEFR because of its
simplicity'®. In January 2003, we also administered questionnaires (age, workplace (sites A-F) ),
past medical history, present incidence of persistent coughing and smoking habits) and under-
took clinical examinations (blood pressure, height) with the support of the 3 levels of Govern-
ment. Due to technical difficulties, we could not determine the proportion of time that the gas
masks were worn. We used the Brinkman’s Index (BI) as an index of smoking habit.

BI=a number of cigarettes per day X period of smoking (year)

We used PEFR as the FEV,, (forced expiratory volume inlsecond), because the PEFR is
well correlated with FEV %' and is useful for diagnosing obstructive pulmonary diseases,
such as bronchial asthma!®. The PEFR was measured using the ATS (American Thoracic
Sociefy) scale (range: 60-880 liter/minute) using a mini-Wright peak flow meter (Clement
Clarke, London, UK) ', In order to correct for the effects of age and physique!'®'”, we
adjusted the value of the measured PEFR using the predicted PEFR, which was calculated using
the formula:

Predicted PEFR (L/min)®=-389.9+4+16.6Xage (years old: y.0.) —0.338 X age
| (y.0.)2+0.00189 X age (y.0.)®+4.54 X height (cm)

5. Statistical analysis

The each statistical analysis included the Mann-Whitney U-fest and the multiple logistic
regression analysis. In multiple logistic regression models, we used Brinkmann Index and BPs
as continuous variables and judged a factor as significant when the standard partial regression
coefficient (SPRC) was relative high with »<0.05, evaluating Odd's ratio (OR). Statistical

significance was set at » <0.05.
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Table 1 Average ambient SO, concentrations at different locations between March 2002 and February

2003
Frequency of Frequency of
Frequency of
Yearly average monthly average at | monthly average at
hourly average at
(ppm) o above 2 ppm above 5 ppm
above 2 ppm (%) ) )
(minute) (minute)
A 0.28 24.3 1325 206
B 0.02 3.2 59 2
C 0.12 14.6 372 21
D 0.04 6.8 148 2
E 0.04 5.5 135 10
F 0.02 2.1 60 1
Results

1. Ambient SO, air pollution on Miyake Island

The 6 locations where ambient SO, concentrations were measured between March 2002 and
February 2003 (Table 1) are presented in Figure 1. We found that the yearly SO, air pollution
averages in regions A and C exceeded Japanese environmental safety levels. It was also found
that the frequency of concentrations exceeding 2 and 5 ppm for 5-minute periods was higher in
regions A and C than in regions B, D, E, and F. Consequently, we designated subjects residing
in regions A and C as constituting the “High concentration group” and the individuals residing

in regions B, D, E, and F as constituting the “Low concentration group”.

2. Characteristics of the examined healthy workers

We evaluated age, height, Brinkmann Index, measured PEFR and BPs in subgroups divided
by these SO, levels, respiratory diseases, smoking habits, measured PEFR/predicted PEFR and
BPs, using the Mann-Whitney U-test (Table 2). Brinkmann Index in respiratory disease group
was significantly higher than in no disease group (p=0.036). Age in smoking habit group was
significantly lower than in no smoking group (p=0.027), as well as in measured PEFR/
predicted PEFR =809 group (p=0.017). BPs in measured PEFR/predicted PEFR <809 group
was significantly higher than in measured PEFR/predicted PEFR=809% group (p=0.014).
Measured PEFR in no hypertension group was significantly higher than in hypertension group.
(p=0.006).

3. Measured PEFR/predicted PEFR of the examined healthy workers

We evaluated measured PEFR/predicted PEFR in subgroups divided by these SO, levels,
respiratory diséases, smoking habits and BPs, using the Mann-Whitney U-test (Figure 3).
Measured PEFR/predicted PEFR in smoking group was significantly lower than in no smoking
group (p=0.010). Borderline significance was also observed in hypertension group (p=0.059).
Results of the multiple logistic regression analyses are shown in Table.3. BPs (OR: 1.032 ; 959%
CI: 1.001-1.064) was a significant factor.
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Table 2

Age, Helght, Brinkmann Index, measuredPEFR, and Age, Height, Brinkmann Index, measuredPEFR, and
Systolic Blood Pressure for the 2 groups according to SO, Systolic Blood Pressure for the 2 groups according to respi-

concentration levels. ratory diseases.
_ L H _ Resp(+) Resp(—)
Total (n=96) (h=86) (n=10) & value Total (n=96) (h=18) (n=78) P value
Age(y.o.) 49.7+8.5 42.91+15.0 0.090 Age(y.0.) 51.6+£9.7 48.4+9.4 0.078
Mean=+ % SD (range) (25-63) (20-67) : Mean=®SD (range) (24-62) (20-67)
Heigho (cm) 165.8+6.6  167.2£7.0  £17 Height (cm) 165.916.6  166.0£6.7  gaq
Mean+SD (range) (146-184) (155-177) Mean=SD(range) (155-177) (146-184) ‘
Brinkmann Index 786.9+605.0 431.54333.0 0.066 Brinkmann Index  1015.8+688.1688.5+554.0 0.036*

Mean=+SD(range) (0~-2520) (0-900) Mean=®SD(range) (0-2520) (0-2280)

measuredPEFR (ml) 544.4+78.7 559.0+56.1 0.648 measuredPEFR (ml) 514.4%100.1 553.21+68.8 0.157
Mean=+SD (range) (300-680) (460-650) Mean=+SD (range) (300-650) (360-680)

BPs(mmHg) 136.0+20.2 133.8+19.4 0.714 BPs{mmHg) 135.1+22.2 135.9£19.6 0.914
Mean+SD (range) (100-192) (110-170) Mean=+SD (range) (100-190) (104-192)

Age, Height, Bminkmann Index, and Systolic Blood Pres-

Age, Height, measuredPEFR, and Syttolic Blood Pressure sure for the 2 groups according to measuredPEFR/

for the 2 groups according to smoking. predictedPEFR
_ Smoking (+) Smoking(—) - cea/prePFEFR<80% mea/PEFR280%
Total (n=96) (n—8g6) (n=10) I value Total (n=96) (n=13) (n=83) F value
Age(y.o.) 48.3+9.6  55.2%+6.1 R Age(y.0.) 54.0+7.1  48.2+9.6 N
Mean % SD (range) (20-63) (a6-67) 0-027 Mean+SD (range) (35-63) (o-7y  0-017
Height (¢cm) 166.3£6.2 162.9£9.5 4o Height (cm) 165.4+6.2  166.0+6.7  cag

Mean=SD (range) (154-184) (146-174) Mean=SD(range) (158-177) (146-184)

measuredPEFR(ml) 542.9+78.5 572.0%+53.3 0.322 Brinkmann Index 990.8+531.2 712.2+594.5 0.065
Mean=SD (range) (300-680) (500-660) : Mean = SD(range) (150-2100) (0-2520) :

BPs (mmHg) 135.2-20.0 140.2+20.4 0.521 BPs(mmHg) 147.4+16.7 133.91+19.9 0.014*
Mean=+SD (range) (100-190) (122-192) : Mean=SD(range) (188-170) (100-192) °-

Age, Height, Bminkmann Index, and measuredPEFR for the

2 groups according to SystoliccBlood Pressure H : High concentration group, A+C
L . Low concentration group, B+D+E+F
Total {(n=96) No Hypertenswn H}Epertenswn P value Resp(+) : Previous bronchial asthma, Old Thc pleur-
isie, Chronic bronchitis & Present persistent coughing
Age(y.0.) 48.7+9.9  50.9%6.3 | cap mea/prePEFR ! measuredPEFR/predictedPEFR
Mean=®SD (range) (20-67) (38-60) * Significantly different by the Mann-Whitney U-test

Height(cm) 166.4+6.3 163.0+8.0  1,q (p<0.05)
Mean+SD (range) (152-184) (144-177) .

Brinkmann Index 726.1+576.6 889.3+679.1 0.496
Mean = SD (range) (0~-2520) (0-2280) :

measuredPEFR (m]) ~ 554.6:£74.0 495.0%73.4 ) oocs
Mean = SD (range) (300-680) (390-640)

Discussion

In our previous studies!®'V, we investigated the medical histories of outpatients seen from
July 2002 until June 2004 at the Miyake-mura National Insurance Center Clinic. Of the 10
bronchial asthma attacks requiring the attention of a doctor, none could be attributed directly
to SO, air pollution. We also investigated the respiratory symptoms of the inhabitants par-
ticipating in a3—day rehabilitation project during October and December 2003. SO, air pollution
was not found to aggravate respiratory symptoms. Nonetheless, it has been demonstrated that
SO, gas may affect the lung function of healthy subjects, even atlppm of short-term exposure'®.
It is also known that long-term exposure to air pollution including SO, can lead to increased
PEFR variability, even in healthy subjects'®. We therefore wanted to ascertain whether the
subjects had subclinical hypersensitivity to SO, gas under these conditions.

Thus, in this study, we investigated whether long-term exposure to SO, affected the lung
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Figure 3 Measured PEFR/predicted PEFR of the workers on the island.

Table 3 Multiple logistic regression analysis on the workers with mea/prePEFR<80% (n=96)

Dependent variable Independent variable SPRC pvalue OR (95% CI)
mea/pre PEFR<80% SO, concentration  0.000 0.995 1.007  (0.105-9.635)
Respiratory disease 0.940 0.332 0.496  (0.120-2.047)
Brinkmann Index 1.041 0.308 1.001  (1.000-1.001)
BPs 4.161 0.041 1.032  (1.001-1.064)

SPRC . standard partial regression coefficient OR : Odds ratio CI . confidence interval

functions of healthy workers that were exposed to SO, gas. The SO, concentrations in regions
A and C were considerably higher than the concentrations that could trigger an asthma
attack* ”. However, no statistically significant relationship could be found between SO, air
pollution and measured PEFR/predicted PEFR in healthy workers. Statistically significant
difference was observed in measured PEFR/predicted PEFR of smoking subgroups (p=0.010),
using the Mann-Whitney U-test. In multiple logistic regression models, Brinkmann Index was
not a significant factor. It is known that measured PEFR in smokers is sigﬁificantly lower than
that in no smokers'®2Y, It is also, however, known that measured PEFR in smokers is not
significantly lower in Asian and Black??. Unfortunately, we could not obtain non-exposed
subjects under the particular circumstances in this study. Therefore, we may not always
conclude that smoking habits had no influence on their lung function, taking SO, exposure into
account. We cannot also conclude whether our results could be attributed to the lung dysfunc-
tion against the risk of SO, air pollution. BPs was a significant factor in the multiple logistic
regression analyses, although a borderline difference was observed in BPs group (p=0.057)
using the Mann-Whitney U-test. It is known that PEFR was associate with cardiovascular
diseases?®~?® and a atherosclerosis development?®. It is also known that a remarkable elevation

of blood pressure causes from lung function tests in hypertensive subjects?®.



250 Lung Function among Healthy Japanese Workers on Miyake Island

Based on this study, we could conclude that our results could be attributed to measured
PEFR/predicted PEFR against BPs rather than SO, air pollution. This study will present useful

information that can be used for discussing risk with residents of Miyake Island and other

settlements that are located in close proximity to active volcanoes.
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