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ABSTRACT

CHRONIC OBSTRUCTIVE PULMONARY DISEASE SYMPTOM EFFECTS OF
LONG-TERM CUMULATIVE EXPOSURE TO AMBIENT LEVELS OF TOTAL SUSPENDED
PARTICULATES TOTAL OXIDANTS, SULFER DIOXIDE AND
NITROGEN DIOXIDE IN CALIFORNIA
Gary L. Euler, Dr.P.H., RRT, David E. Abbey, Ph.D.,

John E. Hodgkin, M.D., Allan R. Magie, Ph.D.

(Loma Linda University, Loma Linda, CA 92350)

To assess the risk of chronic obstructive pulmonary disease
symptoms due to long-term exposure to ambient levels of total
suspended particulates (TSP), total oxidants, sulfer dioxide
(Soz) and nitrogen dioxide (Noz),.symptoms were ascertained using
the National Heart, Lung, and Blood Institute respiratory
symptoms questionnaire (NHLBI) on 7,445 Seventh-day Adventist
non-smokers, 25 years of age and older, who lived eleven years or
longer in areas ranging from high to 1low photochemical air
pollution in california. Participant cumulative exposures to
each pollutant in excess of four thresholds were estimated using
monthly residence zip code histories and interpolated dosages
from state air-monitoring stations. Multiple logistic regression
analyses were conducted for pollutants individually and . together
with eight covariables including passive smoking. Statistically
significant associations with chronic symptoms were seen for 1)
802 eéxposure above 4 pphm, (p = 0.03), relative risk 1.18 for 500
h/yr of exposure; 2) total oxidants above 10 pphm, (p < 0.004),

relative risk of 1.20 for 750 h/yr, and 3) total suspended




particulates (TSP) above 200 ug/m3, (P < 0.00001), relative risk

of 1.22 for 750 h/yr. When these pollutant exposures were

entered together, TSP was the only one showing statistical

significance, (p < 0.01). It appeared that TSP may be a

surrogate measure of the mix of pollutants. Chronic respiratory
disease symptoms were not found to be associated with the

relatively low levels of NO2 exposure in this population.

KEYWORDS
long-term exposure to ambient air-pollution

total suspended particulates

total oxidants

sulfur dioxide

nitrogen dioxide

symptoms of chronic obstructive pulmonary disease

multiple logistic regression
air quality standard setting

individual cumulative exceedance hours
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Chronic Obstructive Pulmonary Disease Symptom Effects of

Long-Term Cunulative Exposure to Ambient Levels of Total Suspended

Particulates Total Oxidants, Sulfur Dioxide and

Nitrogen Dioxide in California

INTRODUCTION

Toxic effects on the 1lungs and upper airways from
inhalation of such specific ambient air pollutants as total
suspended particulates (TSP) (1-5), total oxidants (0X) (6-13),
sulfur dioxide (soz) (14-21), and nitrogen dioxide (Noz) (22~
28) have been demonstrated by experimental studies.
Epidemiological studies published to date, however, have not
been able to consistently demonstrate or quantify the risk of
impairment, of otherwise normal respiratory health, due to long-
term exposure to ambient concentrations of these specific
pollutants regularly experienced in the most wurbanized areas.
(1,3,27,29-43) This may be in part because respiratory health in
the adult is determined by many factors more influential .than
ambient air pollution exposure such as: genetic make-up (44,45),
infant and childhood respiratory infections (46,47) tobacco
smoke exposure--both active (48-55) and passive (56-63), and
occupational (64,65) and indoor air pollution exposures. (27,66~
70)

Studies to date have not been able to determine minimum
safe levels of individual ambient pollutants, for example, that
would produce no significant health effects in individuals if
exposure continued for many years. Consequently, ambient ajir

quality standards have had to be determined without substantial




METHODS

STUDY POPULATION

The study population was a subgroup of the National cCancer

Institute funded Adventist Health Study (AHS), which in 1974

enrolled individuals of 36,805 Seventh-day Adventist (SDA) house-

holds in california, to study prospectively a wide variety of
health effects possibly related to the SDA lifestyle, a 1life-
style which generally incorporates abstainance from both tobacco
smoking and drinking alcoholic beverages. SDA individuals 25
Years of age or older, from the greater metropolitan areas of 1)
Los Angeles and its' border counties, 2) San Francisco, and 3)
San Diego and a random systematically selected sample of 862 from
the rural areas of California, who had lived in their 1977
residential area for 10 yYears or longer were chosen for this
study. For details concerning population distribution see a
previous report. (71) The resulting population of 8,572 was
identified by the letters AHSMOG representing Adventists, Health,
and Smog.

In March 1977 these individuals were mailed a questionnarie
which included the National Heart Lung and Blood Institute
(NHLBI) questions on respiratory symptoms as well as additional
questions to ascertain lifestyle factors pertaining to air
pollution exposure such as smoking history, occupational history,
residence history, etc. (71) Completed questionnaires were
obtained from 7445 respondants representing an 87% response
rate. The 109 who indicated they were presently smoking were

excluded from the present analyses. Of those remaining 5539




7
(75.5%) had never smoked, while 1498 (20.4%) were past smokers.
Past smoking histories were unknown for 299 (4.1%) individuals.
Thirty percent had lived 10 Or more years with a smoker and
18.5% had worked 10 or more Years in a room with a smoker.

A respondant was defined as having symptoms of chronic
obstruction pulmonary disease if they reported: l) symptoms of
cough and/or sputum production on most days, for at least three
months per year, for two Years or more or 2) having ‘been told
by their physician they had asthma as well as having a history of
wheezing or 3) having been told by their physician they had
emphysema as well as having shortness of breath when walking
either normal paced or hurried. Fifteen percent of this
population had these chronic respiratory symptoms. Age-adjusted
sex-specific chronic bronchitis, emphysema, and asthma rates in
never smokers in this population (71) were almost identical to

those reported by Detels et al (35,37) when using comparable

definitions.

MEASUREMENT OF AIR POLLUTION EXPOSURE

The AHSMOG study population resides in a geographic area
within which the California Air Resources Board (ARB) maintains a
network of 70 air quality monitqring stations. Hourly averages
of total oxidants (0X), nitrogen dioxide (NOZ)’ sulfer dioxide
(802), and 24 hour averages of total suspended particulates (TSP)
are recorded at these monitoring stations and stored on computer
data tape. The methods of measuring each of these pollutants are
described in ARB regularly published reports. (72)

In order to determine respiratory health effects due to
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long-term exposure to concentrations of specific ambient air
pollutants related to the state air quality standards we
estimated each respondant's cumulative exposure to pollutant
concentrations exceeding each threshold shown in table 1. For
each of four pollutants four threshold concentrations were
chosen from actually occuring ambient levels. Each set of four
included at least one state standard. Two statistics were then
calculated at each station: 1) total hours per month that
concentrations at a station exceeded a threshold (exceedance
hours) and 2) exceedance hours multiplied by each hourly
concentration (exceedance dosage) . These monthly, station
specific, statistics were then interpolated to the center of each
residential zip code of the study population from the three
nearest monitoring stations using a 1/R2 (R = distance from
station to center of zip code) interpolation method. -(73)

The United States Environmental Protection Agency (EPA) has
determined the distance from a monitoring station for which a
measured value would be representative for each of the major
ambient air pollutants. (74) Technology Service Corporation
(TSC) of ‘santa Monica, California incorporated these distances in
determining zip code areas for which relatively reliable
concentration estimates could be obtained for a given
pollutant. (73) For oxidants the distance from a station was 20
miles, for NO2 10 miles, for 502 6 miles and for TSP it was 6
miles. Of the AHSMOG population excluding the small sample of
862 from rural areas, 99% lived within this area of relatively
reliable concentration estimates for oxidants, 92% for NOZ’ 62%

for SO2 and 70% for TSP.
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With the 11 vyear monthly residential zip code history
gained by questionnaire from each respondant and the monthly
interpolated pollution values to each zip code, each individual's
11 year cumulative exceedance hours and exceedance dosage were
then calculated for each threshold for each pollutant shown in
table 1. Because of the high correlation between exceedance
hours and exceedance dosage and because results of analyses were
more easily interpretable for exceedance hours, only the results
of analyses wusing the exceedance hours are reported here.
Interpolated values since 1973 were felt to be more accurate as a
much larger network of monitoring stations became operational in
that vyear. Cumulations for participants' total oxidants
exposure were thus done for two time periods--1966 through 1976
and 1973 through 1976 (prior to 1966 data were too scarce to
merit interpolation). Analyses were run on both sets of data and
close agreement was found between results based on the two time
periods. To conserve space results for only the later time

period are presented here.

STATISTICAL METHODS

Multiple logistic regression analyses were conducted to
enable simultaneous statistical adjustment for confounding
factors and other co-variate effects and to allow assessment of
the singular effects of each exposure variable. 0dds ratios
obtained were adjusted to approximate relative risk. (Euler GL.
Chronic Respiratory Disease Symptom Effects of Long-Term
Cumulative Exposure to Passive Tobacco Smoke and to Ambient

Levels of Tsp, Oxidants, 802 and NO2 in Southern california.
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Dr.P.H. Dissertation, Loma Linda University, 1984.) Multiple
logistic regression analysis is an appropriate technique when
the outcome variable is incidence or prevalence of disease and
one is seeking to estimate relative risks for various independent
variables. (75)

Assessment of the goodness of fit of the multiple logistics
model to the.data was performed using a chi-square test between
numbers of expected and observed cases for each decile of risk.
(76) There were no statistically significant differences of
cases by the regression equations which contained total suspended
particulates (TSP) as the single ambient exposure variable; p-
values from 0.35 to 0.68. The nitrogen dioxide (Noz) regressions
predicted observed cases with even better goodness of fit, p-
values from 0.40 to 0.87. Oxidant regressions fit the observed
distribution fairly well (p-values from 0.31 to 0.77) except for
hours of exposure in excess of 15 pphm (p=0.01) and dosage in
excess of 10 pphm (p=0.06). Sulfur dioxide (Soz) regressions fit
the observed distribution less well with p-values from 0.21 to
0.44 and the regression containing hours of So2 above 2 pphm does
not fit-well, p=0.06. In summary this multiple logistic model
with these co-variables and confounders seems to fit the data
moderately well with a few exceptions.

The demographic profile of this population has been
described in detail elsewhere. (71) The most unique
characteristic of this group of adults is the high proportion of
never smokers. While the entire population are non-smokers,

75.5% (5539) have never smoked tobacco.
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RESULTS
Total Suspended Particulates (TSP)

In table 2 we see the effects of TSP exposure (in number of
hours per year at concentrations above 200 ug/m3) along with
eight co-variates determined by stepwise discriminant analysis to
be the most important of all those measured in this study.
Coefficients of these eight co-variates were not altered
significantly by any of the ambient exposure variables studied
individually or in combination. Of these eight variables two
exposure variables were consistently statistically significantly
associated with chronic respiratory disease symptoms--"years
lived with a smoker" and "years worked with a smoker".

Five percent of this population had 5 years or more of

occupational air pollution exposure. As estimated in this study,

this exposure was not statistically significantly associated with

chronic symptoms in this population.

Past smoking history reported by questionnaire as a "yes/no"
variable was not statistically significant, however, using
supplementary data collected by the National Cancer Institute
funded study we were -able to ascertain maximum number of
cigarettes smoked per day in the past, number of years smoked,
and number of years since joining the church. Since non-smoking
is a religious prescription of the church, years since joining
the church would be an approximation, though underestimate of
years since stopped smoking for those who have smoked in the
past. Using these three variables, a ratio was constructed of
Years smoked times maximum number of cigarettes smoked divided by

years since 3joined church. Since many of the respiratory
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symptoms associated with smoking are reversible with time, it was
felt that this ratio would be a more accurate reflection of
possible effects of past smoking on present respiratory symptonms.
When this past smoking ratio was entered into the multiple
logistic regression, the relative risk for past smoking became
statistically significant. The relative risks and level of
statistical significance for the other exposure variables did not
change substantially.
Varying Threshold Levels For TSP

Because exceedance hours above different thresholds are
highly correlated, we ran four separate logistic regressions,
one for each threshold level. The results are shown in table 3.
The same set of covariables as indicated in table 2 were used for
each run. Similar coefficients to those in table 2 were
obtained for these other covariates not shown in table 3. Of the
four thresholds, hours of exposure above 200 ug/m3 was the most
significantly associated with increased symptoms of chronic
respiratory disease. When alil four thresholds were entered into
the same regression, 200 ug/m3 remains the threshold above which
exposure was by far the most significantly associated with
chronic respiratory disease symptoms.

In table 3, as the threshold levels (above which hours per
Year of exposure were measured) increase, we see a consistant
trend toward increased statistical significance with only the
lowest threshold level not being significant. The relative risk
estimates also increase comparing corresponding increment size

from threshold to threshold. For example, 1000 h/yr above 60
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ng/m3 results in a relative risk estimate of 1.02, for 1000 h/yr
above 100 ug/m> it is 1.04, for 1000 h/yr above 150 ug/m3 is
1.11, and for 1000 h/yr above 200 ug/m3 it is 1.28.

These results indicate that about one-quarter of this
population are experiencing exposure to TSP at levels high enough
and 1long enough over an eleven-year time frame to demonstrate
association with an increase in risk toward developing chronic

respiratory disease symptoms of 22 to 32 percent.

TOTAL OXIDANTS (0X)

In table 4, exposure above the lowest threshold of oxidant
concentration, 10 pphm, is the most significantly associated with
chronic respiratory disease symptom prevalence, suggesting that
statistically significant effects begin at or below 10 pphm. To
make sure this was not a statistical artifact due to correlations
between thresholds, hours of eéXposure between the thresholds 10
and 15 pphm were entered together into the same logistic
regression equation with hours above 15 pphm. This was repeated
for hours between 10 and 20 pphm with hours above 20 pphm and
then again for hours between 10 and 25 pphm with hours above 25
pphm. In each regression equation, hours between 10 and the
upper threshoid showed a more significant association with
chronic respiratory disease symptoms than hours of exposure above
the upper threshold.

As the concentration threshold increases in table 4, less
and 1less hours ber year are needed to increase the risk. The
relative risk estimate of 1.07, for example, requires 250 h/yr

above 10 pphn. Above 15 pphm only 125 h/yr are needed: above 20
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pphm, 48 h/yr, and; above 25 pphm, 25 h/yr. Also as threshold
concentrations increase exposure above those levels become 1less
statistically significant because of higher variability due to
smaller numbers at risk. The margin of error in the estimation
of individual exposures has a much greater dilution effect on
the individual estimates of hours per year above the threshold
of 25 pphm (above which 45% of the population is exposed for
only 6 h/yr) than above 10 pphm (above which 43% is exposed for
500 h/yr). It probably is this lack of sufficient exposure in
our population to higher levels of oxidents that is causing the
reduced statistical significance for the higher thresholds.

Fewer individuals in the population were exposed for 750
h/yr to concentrations of oxidants above the california 1-hour
standard of 10 pphm, than, were exposed for 750 h/yr to
concentrations of TSP above 200 ug/m3, twice the concentration
of the cCalifornia 24-hour standard, 18% vs 25%. The risk
increase is slightly higher and more statistically significant

for TSP exposure, 22%, (p < 0.00001) versus 20%, (p < 0.004) for

oxidant exposure.

SULFUR DIOXIDE (SOz)

Sulfur dioxide exposure as shown by table 5 does not show
significant association with symptoms of chronic respiratory
disease until concentrations exceed 4 pphm--the former California
24-hour standard since revised upward to 5 pphm. At
concentrations above 8 pphm the percent of the population exposed
for a significant number of hours per year becomes very low. The

margin of error dilution effect along with higher variability due
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to smaller numbers at risk results in less statistical
significance even though per hour per year the increase in risk
is greater as concentrations increase above 4 pphm. Of our
population, 13.3 percent are exposed to concentrations of 502
above 4 pphm for 500 hours per year resulting during eleven years
of exposure in a significant association with an 18 percent
increase in risk of developing symptoms of chronic

respiratory disease, (p = 0.03).

NITROGEN DIOXIDE (NO,)

A table depicting results of our multiple logistic
regression analysis on ambient NO2 exposure has not been included
because we found no statistically significant association between
hours of NO2 exposure above any of the four threshold
concentrations and symptoms of chronic respiratory disease. A
large portion of the population had considerable exposure to
levels in excess of the lowest threshold of 5 pphm; 80% being
exposed for at least 1500 h/yr and 20% exposed for 4900 h/yr.
For the next higher threshold of 15 pphm, exposure plummeted to
where only the top 20% were exposed to 350 h/yr or more. For
higher thresholds there was even less exposure; above 20 pphm the
top 20% were éxposed for 115 h/yr and above 25 pphm the top 20%
were exposed for only 25 h/yr or more. It is possible that in our
population insufficient numbers experienced high enough exposure
to NO2 to detect statistically significant associations with

symptoms of chronic respiratory disease.
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ot and NO2 COMBINED

The pollutant/thresholds above which exposure was found to

TSP, OX, sO

be most significantly associated with chronic respiratory disease
symptoms were: TSP above 200 ug/m3, TSP(200), oxidants above 10
pphm, 0X(10), and 802 above 4 pphmn, 802(4). These were entered
along with NO2 at a threshold of 25 pphm and then again with a
threshold of 5 pphm into one multiple logistic regression
analysis incorporating the 8 co-variates shown in table 2. In
the initial combined regression equations NO,, again was not found
to contribute in any consistent or significant manner. In
addition, as stated above, none of the NO2 threshold exposures
were statistically associated with symptoms in the individual

ambient logistic regression analyses. Consequently NO. was

2
excluded from further logistic analyses.

In the three pollutant combined analyses TSP(200) exposure
effects overshadowed the effects of 0X(10) and 802(4) and
TSP(200) was the only pollutant/threshold where significant
association with chronic respiratory disease symptoms was seen,
(p = 0.008). The likelihood ratio statistic which can be used as
a relative measure of the predictive power or "fit" of the model
for this combined analysis was 60. This compares to likelihood
ratio statistics for 802(4) alone of 45, for 0X(10) alone of 52
and 502(4) and 0X(10) together of 53. However, the likelihood
ratio statistic was the highest when TSP(200) was entered alone,
63. This indicates that for these data, TSP(200) is the best
predictor of chronic respiratory disease symptoms of the air

pollutant/thresholds considered.
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When we replaced TSP(200) in the above analysis with hours
of TSP exposure above 100 ug/m3, TSP(100), we found that the
likelihood ratio statistic for TSP(100) alone was 51 and when
combined with 0X(10) and 802(4) it was 53. This was not a
statistically significant improvement in the likelihood ratio as
indicated by the Chi-Square test. Thus 0X(10) and 802(4) do not
significantly improve the fit of the model over TSP(100) alone.

To assess possible synergistic effects, interaction terms
were developed by taking the product of hours in excess of a
threshold for all possible combinations of two pollutants. All
possible combinations were tried one at a time in the 1logistic
regression equation with the three pollutant/thresholds. In no
case did the interaction terms improve the 1likelihood ratio
statistic by more than one indicating no significant improvement
in the model. Neither did any of the terms have regression
coefficients which approached statistical significance.

Because of the potential problems of multicolinearity in the
above regressions, a set of multiple regression analyses were
performed to determine what percent of the variation in each
ambient pollutant threshold variable [TSP(200)), 0X(10), 502(4),
or N02(25)] was explained by the other three pollutant threshold
variables as indicated by the multiple R2. It was found that 80%
of the variation in TSP(200) was explained by the other three,
74% of the variation of O0X(10) by the other three, and 49% of the
variation of 802(4) by the other three. This would suggest that
TSP(200) is presently the single best surrogate indicator of
overall ambient air pollution exposure effects on chronic

respiratory symptoms in Southern California.
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DISCUSSION

PASSIVE SMOKE

Working in the same room with a smoker as compared to living
with a smoker was found in this study to be more highly
statistically significant and also to have a higher increase in
risk. One possible explanation for this finding is that the work
environment may be less conducive to modification to accommodate
the non-smoker than that of the home environment.

The measures of passive tobacco smoke exposure at home and
in the work place used in this analysis are only crude indicators
of the actual exposure. However, because of the 1levels of
increased health risk from passive smoke exposure indicated in
other studies (69,77-80) and the relative size of the risk
increases compared to that of ambient air pollution exposure
shown in this study, passive smoke exposure, it seems, should be
included as a covariable in future studies on the effects of

ambient air pollution on the respiratory health of non-smokers.

OCCUPATIONAL AIR CONTAMINANTS

. The relatively small numbers of study participants
classified as having significant occupational exposure, the
variety of occupations and varying levels of exposure to
pollutants may account for this exposure lacking statistical

significance in the multivariate analyses.

TOTAL SUSPENDED PARTICULATES (TSP)
When the results of the pollutant specific logistic

regression analysis are compared, TSP exposure demonstrates the




