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Introdction
The relationship of temporary high

levels ofSO. and particulates to health has
been well documented by episodes such
as those reported in the Meuse Valley,
Donora, and London. A higher preva-
lence of symptoms of chronic obstructive
respiratory disease and/or impaired lung
function has been reported in cross-sec-
tional studies in areas exposed to high lev-
els of SO., NO., and/or particulates,1-4
while in other studies a relationship has
not been observed.5 A number of cohort
studies have also been completed, espe-
cially in adults.i-14 The major problems
encountered in cohort studies have been
maintaining continuous measurement of
pollutant levels and controlling for con-
founding factors which may change.
These studies have depended primarily on
the use of spirometry for measurement of
lung function because ofthe difficulties as-
sociated with doing population studies us-
ing possibly more sensitive tests such as
the single-breath nitrogen test. There is
considerable evidence from experimental
studies of both animals and humans that
SO2 and particulate sulfates may be re-
sponsible for bronchoconstriction,15-24
possibly mediated through histamine re-
lease and subsequent action on bronchial
smooth muscle.25A number ofthese stud-
ies have shown such effects at concentra-
tions that occur in ambient air in some
urban areas in the United States.

Previously, we reported a greater
rate of deterioration in spirometric indices
of the single-breath nitrogen test in resi-
dents chronically exposed to high levels of
oxidants, oxides of nitrogen, sulfate, and
particulates compared to an area exposed
to low levels of these pollutants.26

In this paper we compare changes
over a five- to six-year period in spiromet-
ric tests and the single-breath nitrogen test
in never-smoking residents of an area
chronically exposed to high levels of S02,
sulfates, NO., and hydrocarbons but low
levels of oxidants with changes to those in
residents of another area exposed to low
levels of these pollutants to which com-
parisons to the oxidant-polluted commu-
nity were made in the previous paper.

Medtods
Establishment of Cohorts

Study areas were selected in Lan-
caster (located 75 miles north of down-
town Los Angeles) which historically has
been chronically exposed to moderate lev-
els of photochemical oxdants and very
low levels of other pollutants and in Long
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Beach (located approximately 30 miles
southwest of downtown Los Angeles)
which has been chronically exposed to
high levels of sulfur dioxide, sulfates, ox-
ides of nitrogen, and probably hydrocar-
bons. Using 1970 census information,
study areas were selected that were de-
mographically similar, each ofwhich con-
tained an established air quality monitor-
ing station. A comparison of the
demographic characteristics of the two
study areas according to the 1970 census is
shown in Table 1. Although the Long
Beach study area included a lower pro-
portion of non-Whites, all comparisons in
this paper are restricted to White, non-
Spanish-surnamed residents who never
smoked in order to reduce non-compara-
bility between the cohorts. Participants
were considered "never smokers" if they
had never smoked more than one cigarette
per day. Participants who reported smok-
ing at either the baseline or follow-up ex-
amination were excluded from the analy-
S1S.

Cross-sectional studies conducted in
the Lancaster study area in 1973-74 and in
the Long Beach study area in 1974-75
demonstrated poorer lung function in
Long Beach.27 Concurrent testingwas not
possible due to funding limitations. Pol-
lutant levels in Long Beach, however, re-
mained similar over this period of time.
Details of the recruitment of the study ar-
eas have been reported previously.26-30
Briefly, all the heads of households were
identified through reverse telephone di-
rectories and voter registration files. Be-
fore explanatory letters were sent out, de-
scriptive information regarding the
program was presented in the local media.
Following the mailing of individualized
letters, a neighborhood representative set
up an appointment to complete a roster of
all household members seven years of age

and older and to arrange appointments for
lung function testing at the Mobile Lung
Function Laboratory, which was located
within walking distance.

At the Mobile Laboratory, an inter-
view schedule modified from the National
Heart, Lung and Blood Institute Ques-
tionnaire was administered; this contained
questions concerning respiratory symp-
toms, and history of respiratory disease,
occupation, smoking, and residence.
Height and weight were recorded, and the
following pulmonary function tests were
done: body plethysmography; single-
breath nitrogen washout curve, including
calculation of AN 1=* and closing vol-
ume; and electronic spirometry measure-
ment with permanent recording of the en-
tire maximal expiratory flow volume
relationship on computer tape. The test
equipment used was the same for all the
testing except for the recorder for the spi-
rometer. Thenew recorder, however, was
thoroughly calibrated to the old recorder
before being put into use. Details of the
instrumentation used and the procedures
followed are contained in previous pa-
pers.28,29 Results of body plethysmo-
graphic tests were inconsistent at base-
line; thus, changes in these tests could not
be determined with confidence. Details of
the procedures for administering the sin-
gle-breath nitrogen test and spirometry are
given in Appendix A.

Retesting ofthe Cohorts
Approximately five years in Lan-

caster and six years in Long Beach after
the baseline studies, retesting in each of
the study areaswas completed (1978-79 in
Lancaster and 1980-81 in Long Beach).

*Change in the nitrogen concentration between
750 and 1250 cc of expired air.

Results, however, have all been expressed
as annualized rates of change. In the in-
terval between baseline testing and retest-
ing, addresses had been updated through
periodic mailings to all participants. Study
participants were recontacted and invited
to be retested in the same month in which
they had originally been tested. Individu-
als who had moved but remained within a
reasonable distance were also encouraged
to undergo retesting at the Mobile Labo-
ratory. Intensive effortswere made to per-
suade all participants to be retested, in-
cluding call back within one day of
individuals who did not keep their ap-
pointments at the Mobile Lung Function
Laboratory. The procedures for retesting
were identical to those used at baseline;
the tests were administered in the same
sequence and in the same manner.

Individuals who had moved out of
the original study area were requested to
undergo retesting at the Mobile Labora-
tory if theyvisited the Southern California
area. Participants who had moved outside
of the study area to a known address and
who could not be retested were asked to
complete a brief questionnaire on respira-
tory symptoms, smoking, and reasons for
moving from the study area, including a
final question that asked if the reason for
moving was related to respiratory prob-
lems.

Validation and Qual Control
Procedureswere implemented to cal-

ibrate and maintain the reliability of the
lung function tests and to assess the effects
of concurrent levels of air pollutants.
These have been described in detail pre-
viously.29,31 Briefly, they included the fol-
lowing:

Calibration: At the beginning of the
testing period in each area the results of
lung function testing in the Mobile Labo-
ratory were compared with results ob-
tained from theUCLA (University of Cal-
ifornia at Los Angeles) Pulmonary
Function Laboratory on 10 to 20 partici-
pants who were tested on the same day in
both laboratories in a randomized se-
quence. At the beginning of each day's
testing in the field and at regular intervals
during the testing, the test equipment was
recalibrated using standard procedures. In
addition, calibration valueswere recorded
on computer tape and evaluated at the end
of each test day at UCLA. The Mobile
Laboratory was immediately notified of
any signs of error or "drift" so that if
needed, the instruments could be adjusted
before testing commenced the next day.
Individuals tested the previous day were
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asked to undergo retesting; results for
those not retested were deleted.

Reliability and Validity: The reliabil-
ity ofthe test procedureswas evaluated by
requesting every tenth individual complet-
ing lung function testing to undergo repeat
lung function testing within 20 minutes
and comparing the results. In addition, a 3
percent probability sample of participants
was asked to undergo additional testing at
the UCLA Pulmonary Function Labora-
tory, usuallywithin two to three months of
field testing. The results of the tests in the
two laboratories were compared.26 29

Effect of Concuwrent Pollutant Lev-
els: The possible effect of levels of air pol-
lutants on the day of testing was evaluated
by comparing lung function test results in
40 participants in Lancaster and 35 par-
ticipants in Long Beach tested three times
at four-month intervals in each study area.
In addition, O/P (observed/predicted -
adjusted for age, height, and weight)
forced expiratory volume in one second
(FEV1) for all of the adult participants
retested was analyzed relative to the level
of pollutants recorded for the day on
which their test was performed.30

Levels ofAir Pollutants
Monitoring stations of the Southern

California Air Quality Monitoring District
located in the two study areas continu-
ously recorded levels of total oxidants, ni-
tric oxide, nitrogen dioxide, total oxides of

nitrogen, total hydrocarbons (Lancaster
only), and sulfur dioxide.31 In addition,
24-hour totals for total suspended partic-
ulates (TSP) and for sulfates (at six-day
intervals) were monitored. The maximum
hourly level for oxidants, SO2 and NO.,
and the 24-hour total for TSP and S04, as
recorded at the respective monitoring sta-
tion on the day of testing, were attached to
each individual's computer record. All
measurements met both the California and
federal Environmental Protection Agency
guidelines for acceptability of testing pro-
cedures for these pollutants.

Results
Levels ofPollutants during the
Study Period

The annual means of the daily peak
hourlyvalues for SO2, oxidants, NO2, and
ofthe 24-hour total value for S04 and TSP
overthe 10-year period are shown in Table
2. The table also gives the average number
of days per year on which SO2, oxidants,
NO2, and TSP exceeded the California
ambient air quality standard. Days ex-
ceeding these levelswere not recorded for
all years between 1972 and 1981.31,32 The
years contributing to the determination of
the mean number of days are given sepa-
rately for each pollutant. In terms of both
days above California ambient air quality
standards and means of the daily peak

hourly levels, the largest differences in re-
corded pollutants were in levels of NO2.
Levels of all indicated pollutants except
oxidants, however, were higher in Long
Beach. On the other hand, there was a
five-fold greater number of days on which
oxidants exceeded 0.08 or 0.10 ppm in
Lancaster, but less than a two-fold differ-
ence in the annual means ofthe daily peak
hourly levels between the two communi-
ties. Although the level ofoxidants in Lan-
caster was lower than in most other areas
of the Southern California air basin, it was
nonetheless higher than in most urban ar-
eas in the United States. Unfortunately,
levels ofhydrocarbonswere not measured
at the Long Beach monitoring station, but
the location of the study area directly
downwind from the major oil refining area
in Los Angeles and the results of interpo-
lation from adjacent monitoring stations
suggest that levels of hydrocarbons were
also very high in the Long Beach study
area.

Response Rates
Response rates for the two cohorts

are given in Table 3. The proportion re-
maining in the study area who completed
all of the lung function tests was reason-
ably high in both areas (75 percent and 77
percent). An additional 6 percent and 9
percent, respectively, completed only the
questionnaire. One percent ofparticipants
in both areas were known to have died.
The major problem in follow-up was the
high proportion of individuals who moved
out ofthe study area: 39 percent (910/2340)
in Lancaster and 47 percent (629/1326) in
Long Beach. In Lancaster, only 12 per-
cent (270/2340) and in Long Beach only 7
percent (94/1326) ofparticipants refused to
be retested. The overall retest rate, ex-
cluding deaths, for persons completing all
lung function testswas 47 percent for Lan-
caster and 45 percent for Long Beach.

The proportions retested, stratified
by age, sex, and place of residence, are
given in Table 4. The proportion retested
tended to be lower for individuals who
were 11-24yearsof age atbaseline testing,
a finding not unexpected in this highly mo-
bile age group leaving home for college
and jobs over the five- to six-year interval
between baseline testing and retesting.

Because the overall retest rate was
not as high aswe would have liked, a com-
parison was made in Table 5 of the lung
function test results at baseline among
those who completed retesting and those
who did not. The high mean observed/
predicted values at baseline for those
retested reflects the fact that they repre-
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sent volunteers who survived for five to
six years and were still willing to be
retested. Thus, the mean of their
observed/predicted test performance at
baseline does not reflect the mean for the
entire group tested at baseline.

Validity ofResults
The mean test/retest results for those

10 percent immediately retested were
within 5 percent for the major spirometric
indices. Regression analysis of the level of
air pollutant on day of testing and the
mean test value for FEV1 for that day for
all participants revealed no statistically
significant correlations. Ofthe 24 compar-
isons made of results of FVC, FEV1,
FEF25-75, FEF575, AN2s,,25, and clos-
ing volume in the two groups of partici-
pants tested at different seasons of the
year, only one, AN2754, was significant
at the p < 0.04 level; equivalent to chance

for this number ofcomparisons. Mean test
results in the cohort retested in three dif-
ferent seasons were not significantly dif-
ferent.

An estimate of the possible impact of
errors resulting from the testing proce-
dures in the mobile lung function labora-
tory was calculated by comparing the re-
sults of FEV1 in the 3 percent probability
sample of adults tested in both the mobile
and the UCLA lung function laboratories.
(Levels ofpollution atUCLA fall between
those in Lancaster and Long Beach ex-
cept that the levels of oxidants are higher
at UCLA than in either study area.) The
mean interval between testing in the mo-
bile and UCLA laboratories was several
months.

The difference between FEV1 values
at the Mobile Laboratory were greater at
T2 (retesting) than at T1 (baseline) in both
communities although mobile laboratory

valueswere lower at both examinations. If
the UCLA laboratory results represented
the true values, then the greater inter-
laboratory differences at T2 than at T1 sug-
gest that the annual decline in FEV1 as
measured in the field laboratory might
have been exaggerated. Furthermore,
comparison between the two communi-
ties of the inter-laboratory differences at
T2 versus T1 suggests that this potential
exaggeration of the annual decrement in
FEV1 was slightly greater in Long Beach
(-13 ml/year, SE - 7 ml/year) than in
Lancaster (-2 mi/year, SE ± 7 mI/year).
These decrements were not statistically
different. Further, these differences ob-
served in the 3 percent probability sample
may not have existed in the entire group
tested. The response rate for retesting of
the 3 percent probability sample at T2 was
less than 50 percent.

Changes in Lung Functon Tests
The means of the individual changes

in tests are shown in Table 6A, for males
and females 25-59 years of age, and strat-
ified into five age groups for males (Table
6B) and females (Table 6C) 7-24 years of
age at baseline. Non-adults were strati-
fied to separate the growth phase of child-
hood from the declining trend in lung
function which begins in late adoles-
cence, as we have reported previously.33
The levels of significance of differences
between results in the two areas are
shown in Table 7 for those age-and-sex-
specific groups in which the probability
was less than .05.

Changes for AN2. and the spiro-
metric indices except V75 were signifi-
cantly worse in Long Beach participants
25-59 years. The level of significance for
the difference in baseline and follow-up
test results was highest for the single-
breath nitrogen test. The levels of signifi-
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cance of the differences were higher for
most tests for adult women than for men
except for the FEF2, 75%.

Among non-adults, a significantly
less favorable change in the results of the
single-breath nitrogen test was observed
in the youngest age group (7-10 years) for
both males and females in Long Beach. A
less favorable change in the results of the
single-breath nitrogen test was observed
in every age group under 25 years in Long
Beach, butwas not statistically significant
in the 11-14 and 19-24 year groups among
males and in the 15-18 year old group in
females.

Among non-adult females the
changes in spirometry were worse among
Long Beach participants in every age
group except for the V75 in the 7-10 year
group and reached statistical significance
for at least one spirometric test in every

age stratum (Table 6C). Among males un-
der 15 years, however, spirometry was
not consistently worse in Long Beach
participants. Above 15 years spirometry
was consistently worse in Long Beach
male participants, but did not reach sta-
tistical significance in the 15-18 year
group. Above 19 years the results were
significantly worse in Long Beach partic-
ipants for all the spirometric indices ex-
cept V75.

In every instance in which a statisti-
cally significant difference was observed
the rate of change was worse among res-
idents of the more polluted area, Long
Beach. These included tests believed to
reflect both small and large airways func-
tion. A significantly greater rate of deteri-
oration was observed at an earlier age
among females than among males.

Discussion
Although cohort studies provide the

only absolute measures of risk in human
populations, a number of problems arise
in successfully completing them. Proba-
bly the most important is to achieve fol-
low-up of a high proportion of partici-
pants. The proportion of all living
participants completely retested in this
study was low (47 percent and 45 percent
in Lancaster and Long Beach, respective-
ly). The major reason for not being
retested, however, was not refusal, but
migration out ofthe study area (39 percent
and 47 percent, respectively.) The propor-
tion completely retested of those remain-
ing in the study areas was relatively high
(75 percent and 77 percent). In the interval
between baseline and retesting only a
small percentage of participants moved
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because of respiratory problems (2.1 per-
cent in Long Beach and 0.5 percent in
Lancaster).

A major way of assessing the impact
of a lower-than-desired response rate is to
determine the differences in the baseline
test results between participants who
were retested and those who were not.
The difference in the mean test indices at
baseline were not significantly different in
those who were not retested than in those
who subsequently completed lung func-
tion retesting, suggesting that those who
were not retested were substantially sim-
ilar in respiratory function to those who
were.

A particular problem for cohort stud-
ies of the relationship of air pollution to
changes in lung function test results is the
possible impact of air pollution levels on
the day of testing.8 For that reason, anal-

ysis was carried out comparing the results
of lung function testing with levels of each
of the major pollutants on the day of test-
ing. No significant correlations with test
results were seen and no consistent pat-
tern emerged for the major pollutants oc-
curring at higher concentrations in Long
Beach, suggesting that the range of levels
of these pollutants prevailing during the
testing periods had relatively little impact
on the results of the lung function testing
in this study.

The tests used in this study can be
affected by a number of confounding fac-
tors including instrument characteristics,
subject effort, and technician perfor-
mance.29 Thus, there is continual concern
with the accuracy and reliability of the
equipment and testing procedures, partic-
ularly in a mobile laboratory in which
movement of the equipment from site to

site can precipitate instrument drift. For
that reason, the test-retest difference in
FEV1 observed in the five to six year in-
terval in the Mobile Lung Function Lab-
oratory was compared with results ob-
tained on a 3 percent subsample of
participants tested on both occasions at
the UCILA Reference Laboratory. This
comparison revealed only a small differ-
ence between the two laboratories in favor
of showing a slightly greater deficit in
FEV1 in Long Beach if, in fact, the dif-
ference in deficit was also present in the
entire group tested.

For the lung function tests, the mean
of the absolute change in individual test
results was used rather than differences in
predicted values. Thus, differences be-
tween communities in age and height
could have biased the results. The mean
height was, however, similar in the two
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areas. The mean ages of the two popula-
tions were similar although the females in
Long Beach were on average three years
older than females in Lancaster, whereas
the males in Long Beach were on average
one year younger than in Lancaster. A
prior study of this population suggested
that the rate of decline in FEV1 remained
fairly constant over the age range 25-59
years.33

Recent reports have suggested that
young individuals living in homes supplied
with gas, especially for cooking, may have
more respiratory problems than persons
in homes that are supplied with
electricity.34-38 The percentage of homes
that used gas for heating, however, was
exactly the same in both communities (94
percent).

Many people in Southern California
commute long distances to workplaces in
which they may experience air pollution
patterns different from those at their place
of residence. Individuals in Long Beach
commuted to areas of lower levels of the
major pollutants (except for oxidants),
whereas most residents of Lancaster who
commuted did so to areas of higher levels
of pollution.2- This pattern would tend to
minimize the actual difference in pollutant
exposures for participants in the two study

areas and, thus, would reduce the likeli-
hood of observing a pollution effect on
lung function test results.

A number of other factors that could
have biased the results have been dealt
with by restricting the population ana-
lyzed in this paper. Differences in racial
distribution were reduced by including
only White non-Spanish-surnamed partic-
ipants in the analyses and by excluding
individuals who reported a history of
changing residence or occupation because
of a respiratory problem at baseline. The
number of individuals who had worked in
an occupation that might be associated
with respiratory injurywas too high to per-
mit excluding them from analysis. Their
occupations were not concentrated in any
one or two types of exposure and the du-
ration of their employment in any type
was generally less than five years. The
proportion with such a history, however,
was higher in Lancaster than in Long
Beach and, thus, including them in the
analysis probably reduced the likelihood
of observing less favorable changes in
Long Beach.

The average annual change in FEV1
among these never-smoking adults was
higher than has been reported in most pre-
vious population studies.6-8,39-41 The lev-

els observed in our study are comparable
with some of the more recent reports of
changes in lung function over time in oc-
cupational groups.42-44 Although we
looked intensively for methodologic prob-
lems that may have caused these large
rates of decline in adults, we were unable
to identify any consistent factors that
would account for the magnitude of de-
cline observed in FEV1. One possibility is
that these large average annual declines in
FEV1 may reflect the accumulated respi-
ratory effects of chronic exposure to air
pollution. Supporting this hypothesis is
the previous observation that the annual
rate of decline in FEV1 between 25 and 59
years ofage in these populations increased
only very slightly with age33 in contrast to
the significant increase in the annual rate
of decline with aging reported in other
publications.45'46 Because of local migra-
tion patterns, fewer of our older partici-
pants and more of our younger partici-
pantswere raised in the Los Angeles area.
This, and the consistently poorer (more
positive) changes in AN212, even in the
youngest participants in Long Beach, sug-
gest that the younger members of our co-
horts raised in Los Angeles may experi-
ence greater drops in their lung function
test parameters when they reach later life

356 American Journal of Public Health March 1991, Vol. 81, No. 3



UCIA Study of Chronic Lung Disease

than the drop currently observed in the
older members of our cohorts who were
raised in less polluted areas. If in fact this
hypothesis is true, it is cause for concem.

The test demonstrating differences
most frequently and with the highest lev-
els of significance was the AN2,,. Fur-
thermore, in the youngest age groups this
test often demonstrated the only signifi-
cantly worse deterioration, suggesting
that physiologic changes may be occur-
ring in children that are not as readily iden-
tified by the presumably less sensitive
spirometric tests until adulthood. Since
the AN275,2 is thought to reflect function
primarily in the small airways, the results
of this cohort study suggest that this may
be the site of earliest injury due to expo-
sure to the type of air pollutants found in
the Long Beach area. Buist and col-
leagues47 and McCarthy, et al,48 have
demonstrated that the single-breath nitro-
gen test is more sensitive than spirometry
in detecting early functional abnormality
involving the small airways. In cross-sec-
tional studies we were not able to observe
differences between communities in this
parameter.27'28,30 We had previously ob-
served, however, that the AN27.4. is sub-
ject to considerable variability which may
account for the difficulty in identifying sig-
nificant differences in cross-sectional
studies.49 Inter-subject variability may be
a greater problem in cross-sectional stud-
ies than intra-subject variability in cohort
studies in which differences in two mea-
surements from the same individual are
being considered.

Among adults who never smoked,
rate of decline in all of the tests noted in
Table 7 was significantly worse in resi-
dents ofLong Beach except for the V75 in
which a directionally similar difference did
not attain statistical significance.

Although the large differences in the
results of AN2.1, in children in even the
youngest age groups suggest that the small
airways are the earliest site of pathology
resulting from chronic exposure to the mix
of air pollutants occurring in Long Beach,
the greater deterioration in the spirometric
indices indicates that by the time residents
of the area reach adulthood, the adverse
changes in the small airways have pro-
gressed and/or the large airways have be-
come affected as well. It remains to be
determined if the adverse changes in the
lungs resulting from chronic exposure to
this mix ofpollutants causes sufficient res-
piratory impairment over a lifetime to re-
duce their ability to function satisfactorily
or only reduces their considerable reserve

capacity without causing clinically signif-
icant functional impairment.

Ware, et al, have studied the respi-
ratory symptom and lung function effects
of chronic exposure to TSP, SO2, and
TS04 at two different examinations one
year apart in children 6-10 years of age in
six cities in the United States and have
found no relationship between respiratory
parameters and levels of these pollut-
ants.50 While it is tempting to compare the
results of that study to the present study
there are several problems with doing so.
First, the measures of air pollutants were
different. Whereas Ware, et al, used the
mean of the 24-hour values, we used the
means of the daily peak hourly values for
SO2, although for TSP and TS04 we used
the 24-hour totals. Of greater importance
is the fact that we looked at the mean an-
nual change in lung function values within
each individual over a five to six year in-
terval whereas Ware, et al, looked at the
correlations of the pollutant values with
FEV1 and FVC at two time periods only
one year apart. Thus, their study design
was essentially two consecutive cross-
sectional correlations to mean lung func-
tion values for groups of children in each
area whereas we looked at the mean of
change within each individual over a five-
year period. Nonetheless, there are some
similarities between the studies. Neither
found consistent correlations between
respiratory symptoms and levels of air
pollutants. Further, we did not observe a
significant correlation between change in
lung function and pollutant level in males
7-10 years of age. The correlation we ob-
served in both males and females 7-10
years was in the single-breath nitrogen
test, a possibly more sensitive measure of
early decrement in lung function. It will be
interesting to observe whether Ware, et
al, find correlations between pollutant lev-
els and lung function with additional fol-
low-up of the children in these six cities.
We did not consistently observe signifi-
cant differences in FEV1 and FVC in boys
until 15-18 years. We did, however, ob-
serve consistent difference in earlier age
groups using the single-breath nitrogen
test.

We previously observed a greater
deficit in several lung function test param-
eters between Lancaster and an area sub-
ject to very high levels of oxidants, Glen-
dora.26,30 The greatest difference in
pollutant exposures between Long Beach
and Glendorawas in the levels ofoxidants
(much higher in Glendora), nitrogen diox-
ide (higher in Long Beach), and SO2 (high-
er in Long Beach). Mean levels of S04

were similar in these two communities and
higher than in Lancaster which had pri-
marily oxidant exposure, which, although
high, was half that in Glendora. In the
Long Beach comparison, the measures in-
corporating the large airways (FEV1,
FVC) were consistently significantly dif-
ferent in adults whereas only the FEV, in
adult females in the Glendora comparison
were significant. On the other hand, a sig-
nificant difference in V75 was observed
only for Glendora. The deterioration in the
single-breath nitrogen test in Glendora
was significantly worse in every age-sex
group under 25 years compared whereas
they were significantly worse only in
males 7-10 years and 15-18 years and in
females 7-14 and 19-24 years in Long
Beach. Significant differences in most of
the spirometric indices in these younger
age groups were not consistently identi-
fied in either polluted community com-
pared to Lancaster. It is possible that the
type of pollutants that were present in
greatest concentrations in Long Beach
(NO2, hydrocarbons, and SO2) were more
likely to cause damage in the large airways
whereas oxidants were more likely to
cause damage in the smaller airways as
reflected by the greater magnitude of dif-
ferences for the AN2750, and V75 in Glen-
dora. Further, exposure to oxidant pollut-
ants may cause measurable damage
earlier (according to the single-breath ni-
trogen test) than SO2 and NO2. These in-
terpretations are consistent with results of
controlled exposure studies in experimen-
tal animals which demonstrate that char-
acteristic ozone-induced lesions occur in
the lung periphery (centiacinar region)5yl52
while chronic exposure to SO2 produces
clinical, physiologic, and histologic
changes of chronic bronchitis with greater
involvement of proximal than distal air-
ways.53

Given the nature of epidemiological
studies which must deal with populations
as they actually exist in the community
rather than with laboratory animals which
can be kept under experimental condi-
tions, these inferences should be investi-
gated further. It appears, however, that
chronic exposure to either mix of pollut-
ants results in less rapid growth of lung
function in children and a greater rate of
deterioration in adulthood.

These observations have serious im-
plications for safeguarding the health of
the public and controlling levels of pollut-
ants in urban areas in the United States.
These studies need to be verified by oth-
ers, but the implications for health should
not be ignored by legislators and govern-

American Journal of Public Health 357March 1991, Vol. 81, No. 3



Detels, et al.

ment administrators. Given the difficulties
of carrying out epidemiologic studies of
cohorts of individuals over long periods of
time the probability of being able to ob-
serve statistically significant differences is
smaller than for similarly designed studies
done under laboratory conditions. For this
reason, the burden ofproofshould now be
to prove that high levels of these pollut-
ants do not affect lung function and, there-
fore, until that is demonstrated efforts
should be increased to improve the quality
of air in the urban areas of the United
States. El
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