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Executive Summary

Introduction

Although animal studies strongly suggest that significant physiologic and
pathologic lung damage is aésocﬁated with Tong-term or repetitive exposure to
oxidants, nitrogen dioxide and sulfur oxides, results of studies of lung
function in populations in areas exposed to photochemical/oxidants pollutants
have been equivocal. Chronic obstructive respiratory disease (CORD) and pro-
gressive decrement in lung function are probably caused by multiple factors
acting either together or in a sequential pattern. These include such iden-
tified factors as smoking. recurrent childhood respiratory episodes. broncho-
spastic disease. and occupational exposure to respiratory irritants. Evidence
has been accumulating that chronic exposure to S0, and particulates in the
:mbijent air may also play a role in the initiation and/or aggravation of
CORD. Although there are many reports of acute effects associated with high
concentrations of photochemical 6xidants, there are féw reports of long-term

effects.

Los Angeles County is an excellent natural laboratory for stddying the res-
piratory effects of various pollutants because of its topography and numerous
micro-climates. Studies there are also facilitated by the existence of a
uniform network of air quality monitdring stations maintained by the South
Coast Air Quality Management District‘which are reviewed by the California Air

Resources Roard.
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The objective of the studies described herein was to determine if changes in
Jung function test results over time correlated with levels of pollutants oc-
curring concurrently and historically at place of residence. The study was
designed to include a community exposed to primary pollutants characterized by
high Tevels of S0, and hydrocarbons and a community exposed to high levels of
photochemical oxidants, the most characteristic group of pollutants in the Los

Angeles bhasin.

Methodology

Study areas were selected in four areas of Los Angeles County. These areas
were selected on 1) the basis of levels of air po]lut{on, 2) proximity to one
of the monitoring stations of the Southern California Air Quality Management
Districts and 3) demographic similarity to each other according to the 1970
census. The four study areas were selected to include one area exposed to low
Tevels of photochemical oxidants located in the Antelope Valley (Lancaster),
one area exposed to high levels of primary pollutants (Long Beach), one area
exposed to high levels of photochemical oxidants (Glendora), and one area

exposed to moderate levels of photochemical oxidants (Burbank).

Prior to starting lung function testing in each study area, public service
announcements were placed in the local media. Letters were sent to heads of
households by obtaining names from reverse directories and voter registration

files. Neighborhood representatives were recruited from the study community

(@

‘to enumerate households and to make appointments for all residents of the

study area who were 7 years of age or older.
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At the Mobile Lung Function lLaboratory participants completed a) a question-
naire including questcions on history of respiratory symptoms and diseases,
occupational history, past exposures to substances associated with respiratory
injury, smoking and reéidence histories, and b) a series of lung function
tests including (iﬁ the sequence in which they were administered) (1) determi-
nation of expired carbon monoxide concentration, (2) lung volumes determined
by whole body plethysmography, (3) ventilation efficiency using the single
breath nitrogen and (4) respiratory flow rates using electronic volume spiro-

metry.

A number of procedures were impiemented to eQa]uate the reljability and to
estimate the validity of the lung function test results. These included

(1) immediate retesting of every tenth participant, (2) retesting of a 3%
probability sample of participants at the UCLA Pulmonary Fuﬁction Labora-
tories, (3) retesting in each area of 100 participants three times during the
year, {4) calibration of the Mobile Lung Function Laboratory with the UCLA
Pulmonary Function Laboratory before field testing in each study area using
volunteers tested concurrently. and (5) comparison of lung function test re-

sults with levels of specific pollutants on day of testing.

The levels of air poliutants in the four study areas were concurrently moni-
tored by stations of the Southern California Air Quality Management Dis-
trict. Each of these stations continu@us1y'recorded levels of total oxidants,
nitric oxides, nitrogen dioxide, total oxides of nitrogen, total hydrocarbons
(not in Long Beach), carbon monoxide, sulfur dioxide (not in Lancaster) and
total particulates. Twenty-four hour sulfates were recorded in Burbank, Long

Beach and Glendora from 1977. Participants completing Tung function testing
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at baseline were invited to undergo retesting five years later {six years in
Long Beach) after baseline examination. The procedures and tests performed
were the same as those used at baseline. Participants who had moved too far
from the original study area to undergo lung function testing were asked to
complete a questionnaire on respiratory symptoms, history of respiratory dis-

ease, smoking history and reasons for moving from the study area.
Results

Reported symptoms and the results of spirometric tests and the single-breath
nitrogen tests are given in this report. Results are not reported for the
plethysmographic test because review of the comparisons between the Mobile
Lung Function Laboratory and the UCLA Laboratory indicated that the plethy-
smographic measurements were not reliable at baseline testing. Thus, the
change from baseline to_retesting could not be determined. Except for the
symptoms, the results of the tests are reported as the annualized rate of
change. This ratg:ig qchievgd by‘dividing the observed change in the test
performance in the interva1 betwegn base}ine and retesting by the number of

elapsed months and then multiplying by 12 months.

The results for the Burbank study area are not included in this report because
the results were internally inconsistent and not in agreement with the UCLA
laboratory. In the opinion of the investigators the results could not be cor-

rected by a simple adjustment equation.

From 46% to 59% of those tested at baseline completed all of the Tung function

tests at the repeat examination. The major problem was not refusals to be
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retested, but the relatively high proportion of individuals who had moved from
the study area. Comparisons were made of the mean observed/expected (0/E%)
FEV; among those retested and those not retested. The {0/E%) FEV; values at
baseline were lower for individuals who refused to be retested but were simi-

lar among individuals who were and were not retested.

The potential effect of a number of factors to confound the results were con-
sidered. No correlations were seen between the level of specific pollutants
on day of testing and lung function test results using a variety of analytic
strategies, suggesting that the level of pollutants at the time of testing was
probably not a major confounder of test results. The mean height and age
among the participants in the three study areas were similar. Over 90% of the
homes in each of the three study areas used gas heating. A higher proportion
of participanté in Lancaster, the clean area, had a history of working in an
occupation associated with potential respiratory impairment. The majority of
commuters from the Glendora study area commuted to areas of lower levels of
pollutants whereas the small proportion of commuters.in the Lancaster study
area tended to commute to areas of higher levels of pollutants. This pattern
would tend to reduce the probab{iity of observing real differences between

communities.

The symptoms included in analysis were cough, cough with sputum production,
wheeze and diagnosis of asthma, bronchitis and/or emphysema. Although the
incidence of symptoms tended to be greater among smokers than never-smokers,
there was no consistent relationship for either the development of new symp-
toms or the Toss of symptoms among the three study areas in either children or

adults.



Roger Detels
A0-133-32

The mean annual change in the spirometric indices and the single-breath nitro-
gen test for never-smoking residents who were 7-24 years and 25-59 years of
age at baseline and for smoking individuals who were 25-59 years of age at
baseline were analyzed separately. For each of the pulmonary function vari-
ables reported, the mean change for lLancaster was compared with the mean
changes for Glendora and for Long Beach. The changes in lung function test
results for both males and females in the 19-24 age group were the most favor-
able in the Lancaster cohort for each of the six lung function tests reported
(FEVl, FVC, FEF25_75, 975, 950, ANZ). In the groups between 7 and 18 years of
age no consistent differences were noted between the three study areas except
fbr the single-breath nitrogen test result which was consistently better among

the Lancaster participants (except compared to males 19-24 in Long Beach).

Among participants 25-59 years of age at baseline, the rate of decline among
smokers was greater than among never-smokers. The magnitude of the difference
however, was less than might have been expected probably due probably to the
fact that 23-34% of the males and 13-24% of the females had given up smoking
in the interval bétWeen.base1ine and retesting and that a lower proportion of
smokers, than never smokers were retested. With only two exceptions among
smoking females, the rate of change in each of the pulmonary function tests
was more favorable among Lancaster adult residents than among adult residents
in the Long Beach or Glendora study areas. In 13 of the 24 comparisons of
Glendora adults with Lancaster adults the mean change was significantly
smaller in Lancaster, 9 of them at the p <.01 level. 1In 17 of the 24
comparisons of Long Beach with Lancaster the mean change was significantly

smaller in Lancaster, 12 of them at the p <.01 level. 1In no instance where a
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statistically significant difference was observed between study areas was the

rate of change more favorable in the two poliuted areas.

Conclusions

Population studies of the respiratory effects of long-term exposure to air
pollutants are subject to many problems. This study is no exception. None-
theless, the analysis of the impact of potential confounders and ihe consis-
tency of the test results suggest that chronic exposure at place of residence
is associated with unfavorable changes in lung function. These observationé
should be confirmed by additional studies. They raise sufficient questions,
however, to suggest that current alert levels for air pollutants in the
Southern California basin which are based primarily on acute responses may not
be protecting residents from chronic respiratory effects of pollutants occur-
ring at levels lower than the established alert levels. This, in turn, raises

serious questions about the need for more stringent regulation of air quality.
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ABSTRACT

Changes over 5 years in the freguency of recorded symptoms and results of lung
function testing were compared in three study areas in Los Angeles County.
Residents in Lancaster were exposed to relatively low levels of oxidants; in
Long Beach were exposed to high levels of sulfur dioxide, sulfates, hydrocar-
bons and oxides of nitrogen; and in Glendora to very high levels of photo-
chemical oxidants and particulates. Changes were more favorable among never-
smokers than among smokers. There were no differences between communities in
the development or loss of reported symptoms. In adults, the majority of the
test results were more favorable in residents of the low pollution area
(Lancaster) than in the other two areas. Thirteen of 24 comparisons with
Glendora and 17 of 24 comparisons with Long Beach were significantly more
favorable for lLancaster participants. In no instance was a significant
difference noted which was not more favorable for Lancaster participants. In
children, consistently more favorable results in the single-breath nitrogen
test were observed for Lancaster participants. The results suggest that resi-
dence in areas exposed to high levels of pollutants in Los Angeles County may
be associated with unfavorable changes in lung function. This observation
suggests that it may be necessary to review the currrent rationale for estab-

1ishing acceptable levels of pollutants in the air over Los Angeles County.
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I. OBJECTIVES

A. Background

This was a proposal to continue studies of the relationship between long-term
exposures to different species and levels of poliutants in four communities
and the respirétory health of the residents of these communities. Cohorts of
residents of these geographically defined study areas had been formed from
cross-sectional surveys carried out between 1972 and 19771-4. The demographic
characteristics of the four study areas and the sex, and the race distribution
of those completing base testing are given in Tables 1 and 2851114 e
study areas included lLancaster (exposed to minimum levels of man-made pollu-
tants), Long Beach (exposed to 502, particu]atés and other primary pollu-
tants), Burbank (exposed to moderate levels of photochemical oxidants and
other secondary poilutants) and Glendora (exposed to high levels of photo-
chemical oxidants, particulates and 504). Two of the four cohorts (Burbank
and Lancaster) had been retested five years after baseline testing. This
proposal was specifically to complete retesting of the cchorts in the two
communities subject to high Tevels of primary and secondary pollutants {long
Beach and Glendora), and to compare observed changes with levels of pollutants
occurring in the two cohorts over this time period as well as historically to
changes in the cohort in Lancaster which was subject to lTower levels of

pollutants.

-10-
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B. Objectives

The principal objective of the cohort studies described in this report was to
determine if changes in lung function test results over time were associated

adversely with historical and concurrent levels of pollutants occurring in the
ambient air at the place of residence of the four cohorts studied. The poltu-
tant mixes studied included 1) photochemical oxidants and other secondary pol-

lutants and 2) primary pollutants. Two secondary objectives were 1) to see if

alterations in specific lung function tests were associated with the two aif-
ferent types of exposure and 2) to see if a dose response relationship was
seen with different levels of exposure to photochemical oxidants. This latter
objective could not be met due to technical problems in the cohort exposed to

moderately high levels of photochemical oxidants (see results section).

I11. APPROACH

A. Methodology

1. Establishment of cohorts

Prior to this proposal, cohorts of residents of four geographically defined
areas exposed to different levels and types of air pollutants had completed
baéeline lung function testing at a Mobile Lung Research Laboratony1‘3’5.

Each member of these cohorts completed a modified NHLI respiratory question-
naire, volume spirometry with electronic recording of the entire flow volume

curve (air vs. he1ium/62), the single-breath nitrogen washout curve, and whole

-11-
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body plethysmography. The individual cohorts ranged in size from 3403 to 4509

residents. A total of 15,164 individuals were examined at baseline.

The geographically defined areas were selected to have similar distributions
of sociceccnomic factors and racial groups, to contain or be adjacent to a
continuously monitoring staticn of the Southern California Air Quality
Management District, and to be historically exposed to different types and
levels of pollutants in community air (Table 3). Pollutant levels for Burbank

are not given as this cohort was excluded from analysis (see below).

The interlaboratory variability of the test procedures was evaluated by
reexamining, at the UCLA Pulmonary Function Laboratory, a 3% probability
sample of residents completing lung function testing at the Mobile Lung
Research Laboratoryz. Intralaboratory variability was evaluated by immediate
retesting of every tenth participant at the Mobile Lung Research Laboratory
and by reexamination of 100 residents of each study cohort four times a

yearls2,6,14,

Details of the recruitment and test procedures used for the baseline studies

have been reported1’2’14.

2. Relocating cohorts

Relocation of members of the cohorts was the responsibility of the field
coordinator and the neighborhood represehtatives who had been selected from

the community being tested. In many instances these were the same neighbor-

-12-
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hood representatives who were responsible for the successful recruitment of

residents at the time the cohorts were originally formed.

The current residence of members of the cohorts in the three areas had been
updated annually. The return form included a request for the name and address
of a "contact person" who would know how to reach the participant in the

future.

Letters announcing the initiation of reexaminations in each area were sent to
the most recent address with the request for notification of forwarding
address and return postage gUaranteed. Current addresses for those
individuals for whom there was no forwarding address were sought through the
designated contact person, canvassing of neighbors, a check of the Department
of Motor Vehicles' driver and vehicle registrations, review of telephone
directories for areas designated by neighbors, and finally by a review of

death tapes.

Letters were sent to all members of the original cohort still residing in the
area indicating that retesting of all participants was currently underway in
their respective community and that they would be contacted by a neighborhood
representative who would update their household roster and set up an appoint-
ment for each family member to revisit the Mobile Lung Research Laboratory.
As previously, the mobile laboratory was located within walking distance of

the resident's home.

~13-
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For those individuals who did not keep their appointments, a follow-up
telephone call was made immediately. If unsuccessful, repeated attempts were

made to reschedule the residents for lung function testing.

Individuals who had changed residence since the original testing fell into
three categories: those remaining within the study area or adjacent to it,
those moving out of the Southern California area, and those lost to follow-
up. Individuals remaining within the study area or in immediately adjacent
areas were visited and scheduled in the same manner as individuals within the
study area who had not moved. Respiratory questionnaires with additional
questions on reasons for moving were sent to those moving out of the Los
Angeles area. The cover Jetter also asked them to contact us if they would be

near the study area in the future so that we could arrange to retest them.

The initial Tetter to residents who remained in the study area or nearby
contained a return envelope and form reguesting their current telephone number
so that the neighborhood representative could call them back in order to work
out the most acceptable time and place for retesting them. In order to
encourage their participation the neighborhood representative offered to pay
travel expenses for retesting. For those individuals who did not indicate
their current telephone number, their number was sought by review of phone

directories for the area, directory assistance and reverse directories.

Concurrent with the retesting of the cohorts in Long Beach and Glendora we
fequested that articles concerning the program appear in the local newspapers
and that public service announcements be made over the local radio and

television stations. The schools in the neighborhood and the community

-14-
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organizations were asked to cooperate in announcing the retesting in the

community and in encouraging the cooperation of all members of the cohorts.

The key member bf the program staff involved with recruitment of residents was
the neighborhood representative. They were selected from among applicants on
the basis of their performance in the training program. Whenever possible,

the same neighborhood representatives who worked during the baseline screening

in that community were rehired.

3. Respiratory evaluation & lung function testing

Interview schedule: A copy of the interview schedule is included in Appendix

13. The interview schedule included an updating of the symptom, .smoking,
respiratory disease, residence and occupational histories and, in addition,
contained questions about commuting patterns, percent of time indoors and

outdoors, and type of heating used in the residence.

To facilitate analysis of symptoms of respiratory disease, criteria were
developed for each of the symptom$14. Individuals were considered to have
definite criteria of cough if they reported coughing first thing in the
morning in bad weather on most days for as much as three months of the year,
or first thing in the morning on more than 50 days in a year for more than 2
years. Individuals were considered to have definite criteria of cough and
sputum if they reported cocughing and bringing up phlegm, sputum or mucus first
thing in the morning in bad weather, at other times during the day or night in
bad weather, on most days for as much as 3 months of the year, first thing in

the morning on more than 50 days a year, or later in the day on more than 50

-15-
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days in a year for 2 years or more. Individuals were considered to have
definite criteria of wheezing if they reported their breath ever sounding
wheezing or whistiing on more than 19 days in a year and/or they had ever had
attacké of shortness of breath and wheezing. Individuals were considered to
have asthma bronchitis and/or empnhysema if they had been told by a physician

that they had one or more of these diseases.

Smokers were individuals who had smoked within two years of baseline test-

ing. Individuals who reported stopping smoking in the interval between

baseline and retesting were still included among smokers.

Tests of lung function: The following tests of lung function were admin-

istered to members of the cohort {listed in the order in which they were

performed):

(a) End tidal CO concentration

(b) Height, weight, pulse and blood pressure measurement

{c) Body plethysmography (multiple trials): thoracic gas volume (V1g) at
resting; end-expiratory position {FRC); expiratory reserve volume
(measured spirometrically by having subjects completely exhale to
residual volume immediately after determination of FRC); residual
volume and total lung capacity (by calculation); airway resistance
(Rpy) and specific airway resistance (Rpy times Vq¢)

(d) Single-breath nitrogen washout curve (multiple trials):

AN2750_1250, AN2750_1750, and AN25OO—1OOO’ for low-volume subjects,
closing volume/vital capacity fraction, closing volume/total lung

capacity fraction

-16-
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(e) Electronic spirometry (multiple trials with permanent recording of
the entire flow volume (FEVl, FEVZ, FEV3, etc.,); forced expiratory
flow rates (FEFZOO"IZOO’ FEF25_75, FEF50_75, FEF75_85, and other‘s, if
indicated); instantaneous flow rates at various percents of FVC (025,
Vs0» V75> Vgg» and Vo)
(f) Helium/oxygen isoflow at 050 and other points (not administered at

baseline)

4. Test-retest variability

Intra-laboratory variability of the tests was estimated by retesting every
10th participant within ten minutes. Seasonal variability had been estimated
by retesting 100 participants three times during the year. No differences
were found. Interlaboratory variability was estimated by retesting a 3%

sample at the UCLA laboratories?>9,10,14,

5. Validation & quality control

Standardization and calibration: Before initiation of retesting in Long Beach

and Glendora, the test equipment on the Mobile Lung Research Laboratory was
cross-calibrated to equipment at the UCLA Pulmonary Function Laboratory
employing volunteers who went through the same tests in a random order at both
these laboratories as done in previous yearsz. In addition, all equipment on

the Mobile Lung Research Laboratory was calibrated before, during and after

each day's testing and the test results reviewed quarterly.

-17-



Roger Detels
A0-133-32

Validation: To determine if caiculation of rates of change in lung function
test results were related to differences in laboratory procedures all members
of the cohort who were included in the original 3% probability sample which
underwent retesting at the UCLA Pulmonary Function lLaboratory at the time of
baseline screening were invited once again to undergo further testing at the
UCLA 1aboratory. At the time of the baseline examination, approximately one-
half of this sample was randomly selected from all residents 18 years of age
or older who completed testing at the Mobile Lung Research Laboratory; the
other one-half were selected on the basis of definite or probable respiratory
abnormalities according to the results of the Mobile Lung Research Laboratory
tests. Retesting in the validation laboratory of this original cohort (which
had already undergone validation studies at the time of the baseline examina-
tion) was important (see results) from the standpoint of determining whether
changes in interlaboratory differences had occurred which could reflect
changes, or "drift,” in the characteristics of the field instrument over the
five-year interval between the baseline and present examinaticns. Although
cross-sectional comparisons could be made at baseline and retest, any
differences observed could be due to differences in the populations tested
because of aging and dropouts. Comparisons of the change in individuals
tested twice, therefore, gave a better evaluation of the comparability of
measurement of change in the two laboratories. We also invited for retesting
in the validation laboratory an additional randomly selected sample of
individuals 18 years or older who had completed retesting in the mobile
laboratory. The retesting of these individuals who had not previously under-
gone validation studies served as a satisfactory mechanism for determining the
current reliability of the field laboratory; more important, by permitting

comparison of current field laboratory-reference laboratory differences with

-18-
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those observed at the time of baseline testing, such retesting in the UCLA
laboratory provided a needed check on the occurrence of "drift" in the field
instrument. As an inducement individuals selected for validation studies at

UCLA were offered a $10.00 fee in addition to travel expenses.

Letters of invitation for retesting at UCLA, explanation of the procedures to
be performed and the reason for the studies, telephone contacts, reminder
letters, instructions regarding parking and location of the laboratory, and
follow-up letters to the subjects and their physicians indicating test results

were handled through the UCLA Pulmonary Function Laboratory.

Upon arrival at the UCLA laboratory at 9:00 AM on the day of the study,
subjects were given further information regarding the tests to be performed
and were requested to sign an informed consent form. They then underwent the

same studies that were performed in the mobile laboratory as follows:

a) Respiratory questionnaire (cohort project interview schedule)

b) Spirometry (uéihg a 10-liter Stead-Wells spirometer) and spirometry
and flow-volume curves (generated by an 11-liter rolling-seal elec-
tronic spirometer: Cardio-Pulmonary Instruments, Inc., Model 220)
from which the following indices were calculated: slow vital capa-
city FVC, FEVy, FEFopg-1200- FEFp5-75> peak maximum flow rate
(Vmax) and maximum flow rates at 25%, 50% and 75% of forced expira-

tion and maximal voluntary ventillation. Calculations were made

using the tracing representing the best effort on the basis of FEVl,

if the latter was associated with an FVC which was at least 95% of

the best FEVl

-19-
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vmax50’4vmax25’ and volume of isoflow calculated from maximal ex-
piratory flow-volume curves generated during breathing of air and an
80% helium-20% oxygen mixture
Heljum-dilution lung volumes using a 13.5-1iter spirometry (Warren E.
Collins, Inc.) for determination of functional residual capacity,
expiratory reserve volume and residual volume. Although this test
was not performed in the field laboratory, it was included in the
battery of validation laboratory tests because it provided a further
check on the validity of plethysmographically determined thoracic gas
volume and on the total lung capacity calculated from single-breath
nitrogen washout for determination of closing capacity.
Closing volume, closing capacity and slope of phase 111 of the
single-breath nitrogen washout curvezﬁN2750—1250 and ANz/liter) using
an electronic spirometer, a rapidly-responding nitrogen analyzer
(Cardio-Pulmonary Instruments, Inc., Model 410), and a multichannel
oscilloscopical recorder (Electronics for Medicine, Model DR-8).
Airway resistance and thoracic gas volume at functional residual
capacity using a 600-Titer constant-voliume bhody plethysmograph
(Warren E. Collins, Inc.).
Single-breath diffusing capacity for carbon monoxide using a water-
seal spirometer and bag-in-box system (Warren E. Collins, Inc.) with
helium and infra-red C02 analyzers (Beckman Instruments, Model
LB2). This test, although not performed in the mobile laboratory,
served as a useful indicator of probable emphysema in individua]s
with airflow ohstruction.
End-expired €0 using an electrochemical CO analyzer (Ecolyzer Series

2000).
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6. Data management

A computer-hased data management system was designed for test results from the
baseline studies and ffom retesting of the cohorts. The base file contained
the household roster. The second-level file contained results of the field
questionnaire and pulmonary function tests for the baseline testing in each
area. Household roster information on specific individuals undergoing field
testing had heen incorporated into this second-level file. The third-level
file contained the results of field and validation lung function tests for the
3% probability sample invited to undergo retesting at the UCLA laboratory at
baseline. The fourth file included name, address, telephone and iden-
tification numbers used for fo]]owfup notification for the retesting of
cohorts. This was the only file which contained both the name and‘iden-
tification number of the individual residents and has been kept under limited
access. The fifth file included the air pollution and climatologic data
obtained from the four monitoring stations of the Southern California Air

Quality Management District.

At the time of retesting new files were created to include both baseline and
retest information. Allowance was made on these new files for household
members who had become age-eligible at the time of retesting. A1l individuals
were included in the new files regardless of whether they completed

retesting. For those indfvidua1s not completing retesting the cause for non-

completion was included in the file.

Additional files were created for the 10% sample undergoing immediate

retesting at the mohile Taboratory and the 3% sample retested at UCLA. These
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files were used to estimate the intralaboratory and interlaboratory
variability of the test procedures. Computer files of air pollution and
climatologic data for each of the four stations of the Southern California Air
Quality Management District and other sources were maintained for the entire

period of field testing.

Data from the mﬁdified NHLI respiratory questionnaire and the household roster
were collected on self-coding forms. That data and the data from the Mobile
Lung Research Laboratory were entered into computer tape. Data from elec-
tronic volume spirometry and the single-breath nitrogen washout curve were
recorded directly onto 9-track computer tape which was ccmpatible with the IBM
system being used at UCLA. A computer program had been developed which
selected the best breath for determination of the spirometric indices*. In
the event of breakdown of the recording at the Mobile Lung Research
Laboratory, a hard copy backup was maintained on all testees. Errors of the
recording device were minimized by rapid rechecking of all data tapes from the
mobile laboratory within 24 hours of retesting and before testing began the
following day. Editing of data was done by computer using a program to
identify outlying or unusual values. These were printed for verification

and/or corrections.

An important component of this study was the cooperation of members of the
four cohorts. in order to maintain this cooperation a rapid notification
system had been developed using a computer program which identified
individuals with abnormal responses. This program automatically generated
letters of notification, providing a general assessment in lay terms of the

results of the lung function testing to the testee. The results of the
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specific tests of lung function were also sent to the physician designated by

the participant.

7. Monitoring of air pollution levels

The quality of air in the three communities was continuously monitored by
stations of the Southern California Air Quality Management District (formerly

the Air Pollution Control District) of Los Angeles County as follows:

Lancaster, Station 82
Long Beach, Station 72

Azusa (Glendora), Station 60

Each of these stations recorded continuously (except for calibration and
chemical restocking periods) the following: total oxidants, nitric oxide,
nitrogen dioxide, total oxides of nitrogen, total hydrocarbons and nonmethane
hydrocarbons (not in Long Beach), carbon monoxide, suifur dioxide (not in
Lancaster), and total particulates. Twenty-four hour sulfates were recorded

from 1977 in Long Beach and Glendora.

Description of the instrumentation employed, technical maintenance, cali-
bration techniques and validation procedures, and the frequency with which

these were done are contained in the Quaiity Assurance Plan for Ambient Air

Monitoring, July 1977, Technical Services Division/South Coast Air Quality

Management District,
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The output of the Southern California Air Quality Management District is
reported by contractual arrangement to the California Air Resources Board.
The contract requires the foliowing schedule of calibration of the monitoring

and analytical instruments:

"Al11 air monitoring instruments shall be calibrated by either the State or by
the Contractor in accordance with procedures acceptable to the State. The
Contractor shall provide copies of its current instrument calibration
procedures and chemical analysis procedures for all poliutants monitored upon
submittal of this contract, but in no case later than 90 days after receipt of
the contract. If, in the State's opinion, the Contractor's procedures are
significantly different from State procedures, the Contractor shall use State
procedures or furnish the State with evidence of equivalence. In addition,
the State shall have the discretionary right to conduct referee calibrations

for each parameter at the Contractor stations.

“"The Contractor shall calibrate air monitoring and analytical instruments on

at least the folliowing schedule:

Oxidants (Ozone) Semi-Annually
NO. NO,. NO Annually
NDIR €O, Annually
FID Total Hydrocarbon Annually
502 Annually
Hi-Vol Semi-Annually
COH (flow rate calibration) Semi-Annually
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Sulfate and Nitrate Spectrophoto-
meters - Concentration Quarterly
Sulfate and Nitrate Spectrophoto-
meters - Spectral Response Semi-Annually
lead, Spectrophotometer -

Concentration e Quarterly

"Instruments shall be recalibrated after major repairs or modifications. A
copy of each calibration report shall be submitted to the State within thirty
days of the instrument calibration date. Information on the calibration
report cover shall include: parameters monitored; method of calibration;
manufacturer, model, and serial number of instrument; date of calibration; and
results in percent deviation from true, hoth before and after adjustment, and

percent deviation, from last calibration.

“For calibrations of carbon monoxide and total hydrocarbon analyzers, the
Contractor agrees to use carbon monoxide and methane span gases traceable to
State or NBS standards. The Air Resources Board will provide compressed gas
cylinders of the proper concentrations for multi-point calibrations upon

request,”

The validity of air quality data with which physiologic data was related was,
therefore, at levels satisfactory to EPA and the State of California Air

Resources Board technology.

The ability of fixed monitoring stations to quantify air quality levels 1in

neighborhoods around the station (representativeness) had been evaluated by
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several techniques in the past. Mobile laboratories have simultaneously
sampled air at various radii around the stations and compared data with those
of the station. Study of levels in a series of stations, with relation to
windflow patterns, had generated a body of data concerning the duration and
flux of concentrations of substanées. Isopleths have been developed for
various pollutants occurring in the Southern California Air Basisif,17,
Studies to further interpolate values between stations and to provide more
precise "neighborhood" estimations were also done by the Technical Services
Corporation18. A summary table of representativeness for the census tracts

proximate to the monitoring stations is shown below:

Oxidant Uniform over 10-20 miles

NO, Uniform over 5-10 miles

S0, Uniform over 10-20 miles, except where
power sources within the range
contribute

S04 Uniform over 15 miles

co Not uniform

Hydrocarbon Uniform over 5-10 miles, except where
power sources within the range

contribute

Use of fixed monitoring stations: Because we were interested in the effects

of long-term exposure to pollutants, we selected study areas historically
exposed to very different levels and types of pollutants which were located

either adjacent to or within a short distance downwind of the stations of the
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Southern California Air Quality Management District cited above which

continuously measured levels of selected po]]utantsl'3’5°

In the Long Reach study area no residences within the study area were more
than 1/2 mile from the monitoring stations. Most of the residents of the
Lancaster study area lived within 1 mile of the monitoring station. No
residence in the Glendora study area was more than 4 miles downwind from the
monitoring station in Azusa used to estimate pollutant exposures occurring in
that study area. Measurements of total oxidants and other major pollutants
except carbon monoxide, therefore, may slightly underestimate exposures
occurring in the Glendora study area. Each of the study areas except
Lancaster was less than one square mile in area and had no topographical
barriers between it and the monitoring station. In Lancaster the majority of
the population in the study area was contained within a one square mile area

nearest the monitoring statijon.

There are several areas in which documentation of pollutant exposures have
been inadequate. Hydrocarbon and particulate levels were not regularly
measured at the Long BReach station but evidence from another study and the
location of the station downwind from the petrochemical industry suggests that
levels of hydrocarbons and particulates were high. Particulates have been
measured using the high volume sampler technique. Techniques with separation
by particle size would, of course, have been more helpful. Although isopleth
studies have provided estimates of the representativeness of measurements of
particular pollutants made at a fixed monitoring station, validation of these
estimates using a mobile or portable sampler to measure levels concurrently

was not carried out systematically.
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8. Analyses

The major objective of the analyses was to determine whether there was a
relationship between cﬁanges in lung function test results in areas exposed to
different levels and types of air pollution--Los Angeles County. In order to
accomplish this goal it was necessary to consider potential problems of
misclassification due to factors associated with such factors as the test
procedures, measurement of pollutants, characteristics of the participants,
response characteristics and factors such as commuting patterns, etc. Thus,

the initial analyses were concerned with:

a) variability of the test procedures

b) characterization of non-respondents

c) characterization of the pollutant exposure for the four study
areas

d) the consistency and predictability of individual tests of lung
function

e) individual differences in lung function test results between
baseline and retesting as well as comparisons of these changes
between residents of the four study areas

f) other environmental, familial and constitutional factors which
may be associated with changes in lung function testing
performance or the development of chronic obstructive
respiratory disease

g) the relationship of high concurrent exposures to test

performances in residents with reported reactive airways

disease.
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a) Variability: The variability of test procedures may be due to
variability in the procedures themselves (instrumentation), variability in the
individual being tested, variability between a group of individuals, and/or

variability due to outside factors such as seasonal factors.

The intralaboratcry variahility of the spirometry field tests was evaluated by
comparison of initial and retest values on the 10% sample of participants who
underwent immediate retesting within several minutes of the original

testing. Scattér diagrams and indices of co-relationship were obtained and
studied. Test-retest results were very similar especially for the major

spirometric tests (FEVy, FVC, FEFp5_754)-

Variability of the field test measurements as well as possible seasonal or
time related changes may reflect age, sex, and other physical measurements
such as height, etc. Part of the analysis of the data was to explore the
regression relationships of lung function measurements to selected
measurements such as age, weight and height. Regression equations used to

adjust for these factors in the cross-sectional analyses are given in Table 4.

Concurrent changes occurring in two or more test results were analyzed in the
form of contingency tables or in the case of continuous variables, by

correlation analysis.
The interlaboratory variability of the field tests was measured by direct

comparison with observations made in a 3% probability sample retested at the

UCLA Pulmonary Function Laboratory. Corresponding measurements in the field
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and in the UCLA laboratory were compared individually as well as by groups of

variables.

Variability in the results of field laboeratory tests related to changes over
time in the performance characteristics of the measuring or calibrating
instruments and/or in technical personnel could have led to consistent
differences in field test results. Such differences might then be erroneously
interpreted as representing real physiological changes over time in the cohort
undergoing re-examination. Comparison of current interlaboratory (i.e., field
laboratory-UCLA laboratory) variability with that determined at the time of

haseline testing served as a needed check against such consistent errors.

h) Characterization of non-respondents: The results of retesting

of lung function in the areas might have been affected by the characteristics
of respondents vs. non-respondents. Therefore, individuals who have refused
to underge retesting, who have moved too far from the original study to be
tested, who had been lost to follow-up, or who were too i11 to be retested
were characterized on the basis of reasons for non-response, demographic,
familial and occupational factors, respiratory history and lung function

performance at baseline.

c¢) Characteristics of pollutant exposures: The California Air

Resources Board provided us with tapes of pollutant levels continuocusly
measured at the monitoring stations of the Southern California Air Quality
Management District. From these tapes we established individual poliutant
fevels occurring in the area at the time of testing for each resident and

included this as part of the individual's basic record. The information from
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these tapes was used to characterize pollutant exposures during the interval

between initial testing and retesting in each of the the four study areas.

d) Consistency and Predictability of Individual tests: Preliminary

analysis of the predictability of the various tests was performed. For
example, performance on spirometry at baseline was found to be associated with

a greater decline between baseline and retesting.

The consistency of the individual tests was tested by comparison of the same
individuals within ten minutes of initial tests and by retesting of a sub-
sample at the UCLA Pulmonary Function laboratory. Consistency was good for

FEV, FVC, but varied for the other testsZ.

e) Individual differences in test results between baseline and

retesting: The major analytic strategy reported herein has been the mean of
individual differences between lung test results at baseline and those at
retest. This strategy reduced problems associated with intersubject
variability. The results of this analytic strategy are included in Tables 18,

19 and 21.

f) Role of other factors: The role of other factors in the initi-

ation or promotion of respiratory impairment and/or disease was considered by
comparing the history of such factors as individual smoking patterns, smoking
patterns within households, recurrent episodic infection in childhood, resi-
dence, and familial experience with chronic respiratory disease in
individuals who had demonstrated a greater degree of respiratory decrement

than those who did not demonstrate such a decrement. It was important to
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consider variables which affect individual exposure to pollutants such as
proportion of commuters, areas to which residents commute, the time spent in
commuting, the types of heating-filtering systems used in the home, etc. The
distribution of these are discussed in the results section and the

impiications considered in the discussion section.

g) Effect of acute exposures: Although the primary objective of

this study was to determine the relationship of long-term exposure to specific
types and levels of pollutants in community air and respiratory health and the
predictiveness of specific tests of lung function, the relationship of acute
exposure to specific pollutants was evaluated by correlating the lung test
performance of individuals to levels of various pollutants on the day of

testing.

ANALYTIC STRATEGIES

The next step was to consider the appropriate outcome variable. It was clear
that values at retest were dependent in part on the baseline values. Fcr that
reason, the annualized mean of the absolute change for each participant was

selected (e.g., incidence of symptoms, AFEV{, AFVC, --see results

AN,
750-1250
section). Consideration was also given to using O/E as an outcome variable,
but the use of prediction equation introduced an additional element of vari-

ability and were not suitable for those tests nct dependent on height, weight

and/or age.
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Initial analyses included regression at the outcome variable (ASFEvl, etc.)
with the many variables on which data was collected. Other methods of analy-
sis including use of certain regression techniques and analysis of variance
procedures were considered, hut for the initial presentations of results the
stratification of results on age, sex, smoking status and place of residence
was selected as providing the clearest presentation. Incidentally, changes in
the outcome variahle did not correlate strongly with either the baseline mea-

surements or with age.

The question as to the normality of the data could be quite relevant from two
points of view: whether we wish to talk about percentiles of the distribution
of individuals, or whether we basically want to compare mean values. We had
inspected a large number of sample distributions (all of those referred to in
the report) and found that none were strikingly non-normal (i.e., J or U
shaped) although with the larger samples several were "significantly
different" from normal. This was particularly true of the data collected on
young participants where there were large changes in mean over age. These
distributions are really mixtures and almost any distribution could be
ohtained by a choice of an age distribution--there is no onious age

distribution of particular interest.

This lack of normality implies that care must be taken if moderately extreme
percentiles were desired and in fact we did not address this question. In the
repcrt we have only used tests which, even for the relatively small sample
sizes, are not overly sensitive to the normality assumption. For the young
ages the results are given in two year age groups which reduces the vari-

ability due to age.
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I11. RESULTS

A. QOrganization of Results

Although retesting of the cohort in Burbank and Lancaster had been completed
before the current project was funded the results are given for all the
cohorts since it is the comparison of results between the areas with different
types and levels of air pollutants that provides the best impression of the
significance of this study and which addresses the possible relationship of

pollutant exposures to changes in lung function.

Results are given for reported symptoms, spircmetric tests and the single-
breath nitrogen test. Results are not given for plethysmographic tests
because review of the comparisons between the mobile lung function laboratory
and the UCLA laboratory, of the calibration procedures performed at the
beginning of testing in each area and of the actual tests values indicated
that these measurements wers not reliable at the baseline testingz. Thus,
chenge from baseline to retesting could not be determined for the plethysmo-

grahic tests.

B. Interval between Baseline Testing and Retesting

Retesting of the cohorts in the study areas in Lancaster, Burbank and Glendora
was carried out on the fifth anniversary of the baseline studies. Because of
funding logistics the interval between baseiine testing and retesting in Long

Beach study area was six years. In order to make the reported resuits compar-
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able between study areas, results below are reported as the annualized rate of

change.

C. Levels of Pollutants During the Study Period

Baseline testing was initiated first in 1972. Retesting was completed in
i982. The means of the peak hourly values for sulfur dioxide, oxidants,
oxides of nitrogen. nitric oxide, and nitrogen dioxide and the 24 hour total
values for sulfates and particulates are given in Table 3. The levels of all
pollutants except oxidants were lowest in the Lancaster study area. Levels

for oxidants in Lancaster were above those observed in Long Beach.

0f the three study areas, Long Beach was exposed to the highest levels of
sulfur dioxide and oxides of nitrogen, including both nitrogen dioxide and
nitrous oxide. The levels of oxidants in Long Beach were the lowest of the

three study areas.

Residents of the Glendora study area were exposed to the highest Tlevels of
oxidants and total particulates. Levels of sulfate and nitrogen dioxide,
however, were close to those observed in Long Beach and considerably higher

than observed in Lancaster.

in summary, Lancaster can be summarized as having relatively low levels of all
pollutants, although the levels of oxidants occurring there are higher than
reported in many other areas in the United States. Long Beach could be char-
acterized as having high levels of sulfur dioxide, sulfates and oxides of

nitrogen. Although hydrocarbons are not measured at the Long Beach monitoring
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station isopleth studies confirm the high levels of hydrocarbons in the study
area which would be expected because of its location downwind from many oil
refineries. Glendora can be characterized as having high levels of oxidants
and particulates and intermediate levels of sulfates and nitrogen dioxide.
There, of course, may be differences among the three study areas in other

pollutants which are not measured.

D. Exclusion of the Burbank Cohort

The results for residents of the Burbank study area have not been included in
this report and in publications concerning these studies. The results for

_ that study area were not consistent with those in the other three areas and
were not internally consistent for the study area itself. Several specific
analyses were performed to evaluate whether the results for the Burbank

community could be included.

The first comparison of test results across the four communities for FEVl, FEC
and mid-expiratory fiow rate (Table 5). Although the magnitude of the rate of
decline in FEV, in Burbank was more consistent with that reported in some of
the literature, the FEV1 was clearly considerabliy lower than in the other

communities investigated in this study3’4’19’20.

This, however, was not
sufficient reason for excluding Burbank. Several inconsistencies were noted
within the different spirometric test results for Burbank itself. For
example, among males in the age range of 25 to 59 years among smokers, the
average annual decline in FEV1 was 31 cc whereas the FVC did not decline but,

in fact, increased an average of 9 cc each year among smoking males. Although

these rates of change in FEV,{ and FVC were clearly lower than observed in the
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other three areas, the mid-expiratory flow rate was on the same order of mag-
nitude. It is not logical that in this group there should be a small decline
in FEVy, an intermediate level of decline in mid-expiratory flow rate and in

increase rather than decline in the FVC, particularly amdng current smokers.

Among never smokers the same type of phenomenon was seen. Again, there was an
average annual decline in the 25-59 year olds of 29 cc in FEV,, whereas the
FVC declined only 4 cc per year. This apparently paradoxical relationship was
seen among females where the drop in FVC was not commensurate with the drop in
FEVy, both among smoking and never smoking females. In all, the other coem-
munities, the rate of decline in FVC was commensurate with the decline in FEV1
as would be expected. Although we searched exhaustively, we could find no
reason for this disparity. We suspect that since this was the first community
in which we initiated testing that there may have been a consistent error in

the test procedures.

The second analysis was a comparison between the mean differences in FEV1 in
participants tested at the mobile laboratory and at the UCLA laboratory, both
at baseline and retesting (Table 6). The disparity between the Mobile Lung
Function Laboratory and the UCLA laboratory suggested that the rate of decline
was underestimated by approximately 230 cc or 46 cc per year in Burbank over
what would have occurred if the participants had all been measured at the UCLA
laboratory. This was clearly a much larger underestimate of the rate of de-
cline than occurred in the other three communities (minus 10 to minus

80 cc). Although we might have consideréd using these figures for adjustment,
they were based on a smail sample of participants and, thus, we felt uneasy

about taking a correction factor based on a very small sample and multiplying
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it times a very large population of participants. On the other hand, we did
feel that this comparison suggested that there were problems in the measure-
ments made by the Mobile Lung Function Lahoratory_in the Burbank partici-
pants. These apparently went in different directions for Burbank only (an
underestimate at baseline and an overestinmtehét retesting further exaggerat-

ing the problem).

Finally, a small subsample of volunteers in Burbank were reexamined a second
time (three examinations in all) (Table 7). There was considerable disparity
between the average annual rate of change estimated from the time 1 minus time
2 examination results, the time 1 minus the time 3 examination and the time

2 minus time 3 examination, which was evident in all sex and smoking groups.
While the nature of the volunteer sample représenting only a fraction of the
participanté at time 3 is not sufficient in and of itself, in our opinion, to
suggest that Burbank be eliminated, this information coupled with the
indication of inconsistencies within the spirometric measures themselves, the
inconsistency of the results in comparison to the cther three areas and the
results of the comparison with the UCLA laboratory suggesting a very large
error led us to the conclusion we could not present the data from Burbank with
confidence. Thus, we made the decision reluctantly to exclude Burbank from

further analyses.

E. Response Rates

The overall proportion of the participants 25-59 years of age who did not
change jobs or residence because of a lung function problem who completed lung

function testing and/or the questionnaire or died ranged from a high of
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70 percent in Glendora to a low of 63 percent in Long Beach (Table 8). The
proportion retested in Lancaster, 67 percent, was intermediate. A major
problem was the proportion of participants who moved out of the study area 1in
the interval between baseline testing and retesting. This ranged from a high
of 44 percent of Long Reach residents to a low of 32-34 percent for the
Glendora and Lancaster participants. The major problem was not refusals but
individuals who either moved too far to be retested or who moved and were then
Tost to follow-up. The response rates for participants who remained within
the study area ranged from a low of 80 percent in Lancaster to a high of 87
percent in Long Reach, including individuals who completed lung functfon
testing, the questionnaire only or who were reported as dying. The proportion
of individuals for whom lung function testing was actually completed ranged
from 72 percent to 79 percent among residents remaining in the study area and
from 46 percent of all residents 25-59 years of age in Long Beach to 59 per-
cent of such residents in Glendora. The distribution of those retested in

each area is reported in Tables 9a and 9b by age, sex and smoking category.

Because the proportion of participants actually retested regardless of resj—
dent status at retesting was low, an effort was made to determine if differ-
ences existed between those retested and those not retested using baseline
information. Table 10 gives the proportion of individuals retested in each
study area by sex and smoking status subdivided by whether their FEVy at
baseline was above or below 75 percent of observed divided by expected. As
might be expected, the response rates were higher among never smokers than

smokers.
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A second analysis to determine if there were differences between those who
were tested and not retested was performed in Tables 1la and 11b by comparing
the mean observed/expected value for FEV; among those retested and those not
retested, the latter being further subdivided into those individuals who
moved, those who could not be relocated, and those who refused to be
retested. The mean FEVy's for those who refused was lower in each study area
than among those who were retested or who were not retested by virtue of
moving. The values for individuals who were lost to follow-up were more
similar to those individuals who moved than for those individuals who
refused. The overall mean FEV1 values among those retested was only slightly
greater than the mean value for those not retested‘suggesting that the values
observed for change may be a small underestimate of the actual rates of change

for the entire cohort had it been completely retested.

F. Potential Confounders

In an epidemiologic study such as this there are opportunities for a number of
related factors to confound the observations. In order to evaluate whether

factors such as poliutant leveis at the time of testing, and the type of heat-
ing fuel used in the home were potential confounders, a comparison was made of

these factors among the three study areas.

Two analyses were performed to determine whether levels of pollutants at the
time of retesting were affecting the test results. The first was a comparison
of the Tung function values in a sub-cohort of participants tested three times
over the course of a year which corresponded with the various poiiutant

periods. No correlation was seen between test result and season of the year
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in which testing occurred in this subcohort®. The second analysis, shown in
Table 12 was a comparison of the correlation between the residual observed
minus expected value for FEV, and the Tevel of pollutant occurring at the time
of retesting for the major pollutants found in the three study areas. This
comparison was done separately for males, females, smokers and never
smokers. A negative correlation coefficient suggests a decreasing FEVl value
associated with increasing levels of pollutant. Positive values would indi-
cate an increase in the FEVy value concurrent with increasing levels of pollu-
tant. No consistent correiations were observed between poiiutant Tevels and
residual values for FEVl values among any of the subcategories in any of the
three study areas. These two analyses suggest that the level of pollutants at

the time of testing were probably not a major confounder of test results.

The next comparison (Table 13) was of the height and age of part%cipants 25-59
years of age among the three study areas. The mean age and height among
males, both smokers and never-smokers, were remarkably similar among the three
areas as was height among females. The females in Long Beach, however, were
slightly older than the females in the other two areas. Although the rate of
decline in FEVl between 25 years of age and 59 years of ‘age was observed to be
very small there is a possibility that the values for Long Beach females may
be slightly overestimated in comparison to the values for females in the

Lancaster and Glendora study areas.

As demonstrated in Table 14 the vast majority of homes in each of the three
study areas used gas heating fuel. This is not surprising since electricity
is more expensive in Southern California than gas. Although information about

type of cooking fuel was not separately obtained, it is our impression that
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relatively few homes would use two different types of fuel for heating and

cooking.

Another possible confounder would be the history of working in an occupation
which might be considered hazardous to respiratory health. The proportion of
residents with a history of working in hazardous occupations, however, was
highest among participants in the lLancaster area, the area with the lowest
levels of po]lutantsg’lo. Thus, this type of bias would presumably have
decreased the probability of observing a difference between the three study

areas.

Another possible confounder would be commuting to areas of markedly different
concentrations of pollutants than were occurring at the place of residence.
This observation, however, would contribute to an observed difference only if
residents of the areas subject to the highest levels of pollutants, Glendora
and Long Beach, were commuting to areas of higher levels of pollutants. This
was not the case since the majority of residents of both Glendora and Long
Beach who commuted actually worked in areas with lower levels of po]]utantsS.
On the other hand, the vast majority of the resﬁdents of the iow pollution
area, Lancaster, who commuted did so to areas of higher levels of pollu-
tants. Thus, the observed commuting patterns would tend to bias the results

in the direction of decreasing the probability of observing a difference

between the three study areas.
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G. Changes in Lung Function Test

1. Symptoms

The distribution of changes in symptoms are given in Tables 15 and 16 for
never smokers and in Table 17 for smokers. These tables are set up to
indicate the proportion of individuals without a specific symptom who
developed that symptom and the proportion who had the symptom at baseline but
did not reported it at retesting. The symptoms shown incliude cough, cough
with sputum production, wheeze and diagnosis of asthma, bronchitis and

emphysema.

~The incidence of these symptoms tended to be greater among smokers than never
smokers but there was no consistent relationship for either the development of

new symptoms or the loss of symptoms among the three communities.

2. Lung function tests:

The lung function test results have been determined by taking the mean of the
differences for each individual participant's baseline minus his/her retest

value and converting it to an annual rate according to the formula:

Ty - T

# of mos. between TZ & Tl
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Thus, the results using this formula are independent of "expected” values.
Although this formula may not eliminate problems of regression to the mean,
this phenomenon should be present in each of the three communities tested and

should, thus, not account for differences between communities.

The mean annual change in the spirometric indices and the single breath nitro-
gen test is shown in Table 18 for never smoking residents who were 7-24 years
of age at baseline and in Table 19 for both smoking and never smoking individ-
uals who were 25-59 years of age at baseline. Both tables are stratified by
sex and specific test. Table 18 is subdivided into four age groups within the
7-24 year range and is limited to consideration of individuals who did not
report smoking either at baseline or at retesting. (Smokers under 24 years of
age were eliminated because of the problems with uncertainty in determining
when smoking actually began in these residents who may have been responding to
the questionﬁaire in the presence of one or both of their parents.) Table 19,
for adults, is separated into individuals who never reported smoking and
individuals who reported smoking at baseline regardless of whether they quit
smoking between baseline testing and retesting. Table 20 shows the proporticn
of residents in the 25-59 age group who either guit smoking between baseline

and retesting or who began smoking in that interval.

For each pulmonary function variable reported the mean for Lancaster was com-
pared with the mean for Glendora and the mean for Long Beach using a multiple
comparison test developed by Scheffe?8, Effectively this implies that, in
order to be labeled significant, differeﬁces must be somewnat greater than

single comparison t-values.
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Tables 21 and 22 show where results were observed which demonstrated a differ-
ence which was significant at p <.05 or p <.01 levels labeled accerding to

sex, age groups and the lung function test administered.

A careful review of the changes in lung function (Table 18) for the young par-
ticipants reveal some consistent patterns among the study areas. First, the

changes in lung function test results for both males and females in the 19-24

age cohort show the smallest decline in the Lancaster cohort for each of the
five lung function tests shown. Among the males the annual decline in each
lung function measurement was greatest for the Long Beach cohort. The
differences between the communities for females, although less than observed
for males, were not consistently worse either in Long Beach or Glendora. Nine
of the twenty-four comparisons with Lancaster were significantly more

favorable for the Lancaster cohort, three compared to Glendora and six to Long

Beach.

In the 7-10 age group, no consistent differences were observed between the

cities except for AN which was significantly more favorable for both
Xcep 2750-1250 3 Y

males and females in Lancaster compared to both Glendora and Long Beach and

for FEVl and FVC for females in Lancaster compared to Long Beach (Table 18).

In the 11-14 age group, there were no consistent differences in spirometric
tests between the Lancaster and Glendora or Long Beach cohorts.

The AN2750 1250 was significantly more favorable for the Lancaster cohort than

for the Glendora cohort and females in Long Beach.
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In the 15-18 age group there were again no consistent differences in spiro-
metric results. Change in FVC was significantly more favorable for Lancaster
females than in the other two areas and &N, was significantly better
750-1250

for all Lancaster participants except females in Long Beach.

Although smokers tended to decline at a greater rate than never smokers
according to most tests, the differences in rate of decline were not as large
as one might have expected. Tﬁere are, however, several factors that could
account for the apparently slower decline in smokers than would be expected.
Many voluntary studies of communities have observed that sicker individuals
tend not to volunteer for these types of studies??, We compared the lung
function test results from individuals who were and were not retested
according to smoking status?:10, That analysis revealed that a lower
proportion of smokers with poor test results at baseline were retested than of
never-smokers with poor test results. That is, a higher proportion of
retested smokers had good test parameters at baseline than of retested never-
smokers. Finally, we noted that a higher proportion of individuals had
stopped smoking in the interval and this proportion was considerably higher
among females in Glendora than in Lancaster (24% versus 13%). Thus, it is
probable that the smokers who participated in the retesting were selected

towards health and don't represent the general population of smckers.

With only two exceptions, in every pulmonary test the rate of change was more
favorable among Lancaster adult residents than among adult residents 1in Long
Beach or Glendora study areas. The two exceptions were FEV, and FVC for
female smokers in which the rate of deciine for the Glendora cohort was less

than that of the Lancaster cohort but not significantly less. The proportion
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of females in the smoking group who gave up smoking, however, was almost twice

as high in Glendora (23.7%) than in Lancaster (12.7%).

In 13 of the 24 comparisons of Glendora adults with Lancaster adults the mean
change was significantly smaller in Lancaster (Tables 21,22). Nine of these
were at the p <.01 level. 1In 17 of the 24 comparisons of Long Beach with

Lancaster the mean change was significantly smaller in Lancaster. Twelve of

these were at the p <.01 level.

An interesting observation is that the only test which appears to most
consistently identify more favorable changes in lung function in the Lancaster

cohort, compared to the other two cchorts, was which was

AN,
750-1250
significantly more favorable even in the youngest age group (Tables 18, 19,
20). The pattern of differences for the other tests of lung function in the
groups below 19 years of age at baseline is inconsistent. In the 19-24 year
olds, however, the results were more favorable for all tests in the Lancaster
cohort than in either of the other two cohorts although only a few differences

were significant. In the oldest group, those 25-59 years of age at baseline,

there are many significant differences between tests.

At least two interesting observations can be made on the basis of this
observed consistency of differences in the group 19 years of age and above,
and in the attaining of statistical significance in the oldest age group. One
possibility is that physiologic impairment which is occurring in younger
individuals do not become severe enough to demonstrate differences in lung
function tests until early adulthood. This is not surprising since the period

of most rapid growth in FEV1 and FVC has been demonstrated to occur between 10
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and 18 years of age which would have encompassed most of the younger partici-
pants in this study. The period of greatest variability in the rate of change

in FEV1 and FVC occurs between the ages of 18 and approximately 25.

Given these factors which would favor showing no differences between cohorts,
it is surprising to observe the consistently more favorable rate of change in
in all age groups despite the very large standard deviations

the AN
2750-1250

for that test. has been suggested as a very sensitive test of

The aN
2750-1250
small airways disease but has been subject to a great deal of variabiXity21.
Variability between participants would be a greater problem in cross-sectional
studies than in cohort studies in which each individual is measured against

themselves. This study suggests that perhaps that test is a reasonably

sensitive indicator of lung damage in larger groups.

Of more interest to the present study, the eaf]y changes identified by the
AN2750_1250 may be occurring during the period of most rapid change in the

lung in early life. Considerably more work needs to be done to confirm this
interpretation of early impairment of lung function associated with exposure
to air poliution. The possible validity of this observation is strengthened
by the observation that by the time individuals have reached the 19-24 year
age‘group, they are demonstrating consistent differences in favor of the low

pollution cohort and that a great many statistically significant differences

can be demonstrated in the 25-59 age group.

This in turn may explain our observation that the rate of change 1in FEVl s
very gradual between 25-59 years of age in Los Ange1e56. This is an artifact

due to the fact that a higher proportion of older residents of Los Angeles
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actually migréted from other areas presumably exposed to lower levels of air
pollution, than among the younger members of the cohort, a considerably higher
proportion of whom have been raised in Los Angeles. Thus, the younger members
of our cohort may experience even greater rates of decline as they age than we
are currently observing in our older cohort members who, in fact, may have
declined at a lower rate when they were younger. Again, this finding suggests
that the long-term impact of chronic exposure to air pollution may be more

than can be estimated from cross-sectional studies.

For each test in which a statistically significant difference was observed the
rate of change was more favorable among the Lancaster cohort exposed to the
lowest levels of pollutants, Generally, there were a greater number of tests
and a higher level of significance observed among never smokers than among
smokers. This difference was particularly apparent among the females. This
may reflect the strong effect of smoking on rate of decline in lung function,
reducing the probability of observing a statistically significant difference

related to pollution.

A new finding, however, was the consistent pattern of a significantly more

favorable change in for all age sex groups in Lancaster compared

AN,
750-1250
to the other communities except for 19-24 year old males in both polluted
areas and 15-18 year females and 11-14 year males in Long Beach. The magni-

tude of the change in was consistently greater for the Glendora

AN,
750-1250
cohort than for the Long Beach or Lancaster cohort. This was interesting
‘since there were a greater number of significant differences in spirometric
tests between communities in the Long Beach cohort (35/60 comparison) than in

to the Glendora cohort (23/60).
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We looked for differences in individual tests between ccommunities which might

identify a specific test which was associated with one polluted area and not
the other. None of the spirometric tests were consistently different from

Lancaster in either polluted area. T

nhe AN2
_ 750-1250
significantly lower compared to Lancaster in Glendora {11 of 12 age, sex,

was more frequently

smoking specific groups) than in Long Beach {9 of 12 groups). The magnitude

of the different frequency was, however, small.

H. Departures From Original Work Plan

There were two departures made from the original work plan. We did a second
reexamination of participants in the Burbank area {1982) and in the Long Beach
area (1983). In each instance, the period of retesting covered a period in

four to six weeks in which participants whc were willing to be reexamined on

one invitation were retested. Most of those retested were retested in a-
period of lower exposure to air pollutants than when they were retested at
baseline and first retesting. In addition, those who were retested were
observed to have had better test results at baseline and a lesser rate of
decline than the cohort as a whole. The proportion who were retested repre-
sented about one-third of the cohort completing retesting a second time. The
results in the “grab bag" sample retested a second time were not compatible
with the results of retesting the second time. Because of the non-random
nature of the cohort, the tendency of the more healthy individuals to volun-
teer and the short interval between the time of second testing and the time of
third testing it was decided not to adjuét the results of the first retesting

by consideration of the smaller sample of individuals retested a second time.
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I.  Future Analyses

A propesal for further analyses has been submitted which includes 1) a more
detailed analysis of resident'é air pollution exposures; 2) application of
multivariate models for further exploration of the association of measures of
respiratory diseases with the more detailed estimates of cumulative air
pollution exposure; 3) examination of specific subgroups which may be more
sensitive to effects of air pollutants; 4) grouping of tests to see if
enhanced specificity can be obtained thereby; and 5) comparison of rates of
changes in lung function taking into account history of residence in areas of
heavy pollution especially in early 1ife. A copy of the proposed analysis is

included in Appendix 15.

J.  Conclusions

There were a number of problems associated with this study from which most
cohort studies of large populations suffer. The two major problems were the
relatively low response rate of the cohort overall and the opportunity to re-
test the entire cohort only twice over a five to six year interval. Nonethe-
less, comparison of baseline results among those who completed testing and
those who did not, indicate that there were only small differences between
those retested and those not retested, probably because the majority of those
not retested were not refusals but were individuals who moved out of the study
area before retesting took place. The distribution of the major confounders
among the three study populations was such that the differences observed are
more likely to be an underestimate of true differences that would have

occurred in the absence of these confounders,
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The change in reported symptoms was not found to correlate with pollutant
exposure and varied widely. These results suggest that reported symptoms may

be too non-specific to be of much use in studies of this nature.

Despite these problems, the results of spirometry and the single breath
nitrogen test can still be cautiously interpreted as showing a more favorable
rate of change among participants in the less poliuted area than in the more
polluted areas. In fact, in every instance in which there was a statistically
significant difference in the rate of change, that change was more favorable

in the less poliuted area.

A disturbing observation in our studies was the magnitude of the rate of
decline among adults, even in the control area. The annualized decline in
FEV, was considerably higher than has been reported by most investigators
except for a few reports in occupational group520’27. A possible reason for
this which must be considered is that there was a fixed error in the mobile
lung function test equipment which tended to result in exaggerated rates of
decline. The resuits of lung function testing in the mobile lung function
laboratory were, however, somewhat low compared to the values observed in the
~same individuals retested at the UCLA laboratory, both at baseline and at re-
testing but the magnitude of the differences annualized over the test-retest
interval were small. A second explanation which must be considered is the
possibility that individuals chronically exposed to the levels of pollutants
observed in both our control and study areas may be suffering from greater
rates in decline of FEV1 than the cohorts raported from other study areas and
studies which were subject to lower Tevels of air pollutants than our control

area. This possibility should be investigated further.
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A particularly interesting observation from this study is the consistently
less favorable rates of change observed in AN, in children in the
750-1250
study areas chronically exposed to high Tevels of air pollutants. The possi-
biTity that the AN may identify early physiologic changes recognized
2750-1250

only later using spirometric tests should be further considered. The greatest
changes in the lung occur during the early years of 1ife and, thus, it is not
unreasonable to be concerned that chronic exposure to air pollutants during
this important stage of growth and development of the lung may represent ex-
posure during a period of greatest susceptibility. This can be investigated
by comparing children who were born and raised in the areas of highest air
pollution to children who were born and raised in areas exposed to lower

levels of air pollutants.

K. Publications
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IV. INVESTIGATIVE STAFF

Responsibility for the project was divided into the following areas:

a) overall direction, b) recruitment of study subjects, c¢) operation of field
laboratory, d) operation of the UCLA validation laboratory, e) coordination of
the data from the household roster, field laboratory, and validation
laboratory, f) collection of air pollutant and meterologic variables, g) data
management, and h) data analysis. Each area was the primary responsibility of
one of the investigators, but there was considerable overlap with individual

investigators providing input to several areas.

(a) Roger Detels, MD, MS, was the Principal Investigator and was responsible

for the overall direction of all components of the study.

(b) Jdan Dudley, MPH, the field coordinator was responsible for recruitment
of the members of the cohort and for direction of the neighborhood

representatives. She worked directly under Dr. Detels.

(c) The Mobile Lung ?esearch Laboratory of the American Lung Association of
Los Angeles County which made the field measurements of lung function was
under the direction of Staniley Rokaw, MD, Clinical Professor of Medicine. He
directed the technical staff of the laboratory including the laboratory

supervisor and the three technicians.
(d) The validation laboratory was under the direction of Donald Tashkin, MD,
Professor of Medicine and Director of the UCLA Pulmonary Function

Laboratory. Dr. Tashkin directed the laboratory technician in the
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re-examination of the 3% probability sample who were retested at UCLA. In
addition, Dr. Tashkin and Dr. Rokaw shared jointly the responsibility for
overseeing immediate retesting. seasonal retesting, and the other validation
procedures necessary to assure that the field laboratory was not subject to
drift or other fixed errors and for interpretation of lung function test

results.

(e) Janice Dudley was responsible for the coordination of data from the
household rosters, the field laboratory, and validation laboratory. She

worked directly with Drs. Rokaw, Tashkin, Sayre and Detels.

() Measurement of pollutants obtained at the monitoring stations of the
Southern California Air Resources Board. Mr. Dane Westerdahl and Dr. Stanley
Dawson kindly took responsibility for seeing that we obtained the tapes of
these measurements. In addition, the California Air Resources Board
coordinated the efforts of other investigators in the area of air pollution to
assure that we were aware of all activities which related to our project,
including estimates of pollutant exposures derived from other techniques such

as isopleth studies.

(g) A1l data management aspects of the study were under the direction of
Dr. James Sayre. He directed the statistical/computer staff who reviewed the
data recejved from the field laboratory, the validation laboratory and the
neighborhcod representatives for accuracy and entered it into the base

files. Dr. Sayre worked closely with Frank Massey, Jr., Professor of

Biostatistics, and Dr. Detels.
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(h) Dr. Frank Massey, Jr. had primary responsibility for data analysis.
However, data analysis techniques and approaches were discussed at the joint
weekly meetings held by the investigative staff (Detels, Rokaw, Massey, Sayre,
Tashkin, Coulson, Dudley) and different aspects were looked at intensively by

the appropriate investigator(s).

(i) In the final year Professor David Wegman, formerly at Harvard and an

expert in occupational respiratery disorders joined the investigative staff.

In summary, this was a joint project supported by investigators from the
Divisions of Epidemiology and Biostatistics in the School of Public Health,
the Department of Medicine in the School of Medicine, the American Lung
Association of Los Angeles County, and the Research Bureau of the California

Air Resources Board.
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Table 1. Demographic Characteristics of Study Census Tracts in Burbank, Lancaster, Long Beach & Glendora*

Characteristics

Burbank

Lancaster

Long Beach

Glendora

Total residents, all ages
White (non-Spanish surnamed)
Spanish-surnamed
Black

Other
Total 7+ years of age
Median 1nco%e
Number of hotsing units
Proportion of homeowners

Median home value

6,848
6.022 (87.8%)
744 (11.0%)
9 (0.1%)
73 {1.1%)

6,170

$11,502

2,422
72%

$23,000

7,069
6,430 (90.9%)
434 (6.1%)
91 (1.3%)
114 (1.6%)

6,121

$11,631

2,238
63%

$18,600

4,992

4,939 (98.9%)
0 (0.0%)
3 (0.1%)

50 (1.0%)
4,691
$11,474
2,197

64%

$23,400

4,573
4,281 (93.6%)
162 (3.5%)
3 (0.1%)

127 (2.8%)
4,061
$12,746
1,611

61%

$23,850

*According to the 1970 Census
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Table 2. Number, Proportion, and Characteristics of Residents Completing Baseline Lung Function Testing in
Burbank, tancaster, Long Beach and Glendora

Burbank - Lancaster Long Beach Glendora
Households occupied 2,241 2,551 2,645 2,629
Households enumerated 2,038 (91%) 2,143 (84%) 2,514 (95%) 2,596 (98%)
Residents enumerated: 4,968 5,722 5,007 4,809
Completed testing 3,465 (70%) 4,509 {79%) 3,786  (76%) 3,403 (71%)
Completed questionnaire only 63 (1%) 79 (1%) - 405  (8%) 374 (8%)
Not tested 1,440 (29%) 1,134 (20%) 816 (16%) 1,008 (21%)
Characteristics of residents
completing testing
White: Male 1,541 (44%) 2,085 (46%) 1,668 (44%) 1,535 (45%)
Female 1,710 (49%) 2,186 (48%) 1,987 (52%) 1,721 (51%)
Spanish-surnamed: Male 88  (3%) 59  (1%) 33 (1%) 45  (19)
Female 99  (3%) 50  (1%) 48  (1%) 70 (29%)
Black: Male 0 (0%) 41 (1%) 3 (49) 2 (<19%)
Female T (<1%) 46  (1%) 17 (<1%) 2 (A9%)
Other: Male ' 17 (<1%) 17 (<1%) 14 (<1%) N (%)
Female 9 (<1%) 25 (<1%) 16 (<1%) 1N (%)
TOTALS: 3,465 (100%) 4,509 (100%) 3,786 (100%) 3,403 (100%)
Total Males 1,599 (48%) 2,202 (49%) 1,718 {45%) 1,599 {47%)

Total Females 1,816  (52%) 2,307 (51%) 2,068 {55%) ],80'4| '(53%)

ce-eeL-Qv
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Table 3. Annual Means of Dailly Maximum Hourly Average (or 24-Hour Totals) of Pollutants
in Lancaster (LN), Llong Beach (LB), and Glendora (GL)

Pollutant City 1972 1973 1974 1975 1976 1977 1978 1979 1680 19&1 18:z2¢

- S0> (ppm)ﬂ LN .01 * .01 .01 .01 .00 .00 .01 .01 .00 .00
LB .07 .04 .04 .03 .04 .04 .04 .03 .03 .03 .03
GL .03 .03 .02 .02 .02 .02 .02 .02 .01 .01 .01
Oxidants (ppm) @ LN .06 .07 .06 .06 .07 .06 .06 .08 .08 .08 .07
LB .04 .04 .04 .03 .03 .04 .04 .05 .05 .05 .04
GL .11 .10 .12 .11 11 .11 .12 .12 .11 .11 10
NOx(ppm) ¥ LN .08 .08 .08 .08 .10 .09 .10 .10 .08 .07 .05
LB .36 3l .27 .23 .31 .29 .29 .28 .18 .21 .20
GL .18 L7 .17 .18 .18 .21 .20 .14 L12 LJ4 L33
# NO(ppm) LN .06 .05 .06 .05 .07 .06 .06 .07 .05 .04 .02
' LB .26 .22 .18 .15 .21 .19 .20 .19 .12 .14 (14
GL .10 .08 .08 .10 .10 A2 .11 .08 .07 07 .07
NO2(ppm) LN .03 .02 .03 .04 .03 .04 .04 .04 .03 .03 .03
1B .13 .11 W12 .11 .13 .12 .11 .12 .08 .10 .09
GL .11 .10 12 .11 .10 .12 .12 .08 .07 .08 .08
SOu(y g/m>)* LN + 4+ + 3.5 4+ 4.0 4.5 5.1 4.6 4.3 4.2
1B + + + 12.2 + 12,1 10.7 10.9 13.0 12Z.1 9.4
GL + + + 11.0 + 13.4 10.8 10.0 10.2 10.0 8.7
Particulates®* LN 108 99 80 79 74 83 75 94 103 74 59
2/m3) LB 84 77 104 113 119 111 102 103 106 109 75
GL 166 143 119 126 119 168 141 118 128 134 87
<R 1982 values were calculated from the months Jan.-Sept. only
+ data not available
! Methods of calculation not the same over time or between cities
¢ Beginning in 1979, values are for ozone.
¥ Beginning in Jan. 1980, method of calibration changed - new method produces values lover

than those produced by old method

T 24 hour totals
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Sex

Male

Female

Prediclion Equations * for Splrometry Derived from Burbank Normals **

TABLE 4

(Split Samples)

S.E. of estimale

- . . - , . . 1
* Predictions : Age in yrs, Height in inches, Weight in 1hs, Sheldon index computed as Ht /WL,

** Non smokers with no positive responses to symptom questions or history of respiratory discase.

Age N Prediction equalion

group

7-17 103 E(IFVC) = — 2084 -} 142 (Age) + 33 (1) 4 14 (WD SE(FVC) = 418
EA(FEV) = — 2082 4 115 (Age) + 35 (HY 4 12 (WD) SE(FEV) = 352
FOFEY 25) = — 7026 4 32 (W) 4 519 (Sheldon) SEAFFE 25) = 837
EAFRE 50) = — 6000 4 26 (W) 4 438 (Sheldon) SEHEE 50) = 783

18-59 258 BEA(FVCOY = — 13536 — 23 (Age) -+ 131 (1D SE(FVCY = 604
E(FEV) = — 3213 —29 (Age) + 119 (11D SEAFEVY = S22
E(FFE 25) = ~— 2623 — 43 (Age) - 126 (HD) SEAFEE 25) = 1149
EA(FEE 50) = — 2300 — 41 (Age) -+ 104 (HD SE(I'ER S0) = 942

604 81 FVCY) = — 2791 — 25 (Age) + 119 (HY) SE(FVCY = 499
E(FEV) = — 3202 4 90 (H) SEATEV) = 498
EAFEF 25) = 1085 -} 8 (W) SE(FEE 25y = 1100
E(FFF 50) = 1328 - 5 (Wt) SEA(FEE 50y = 824

7-17 102 E(FVC) = — 1399 4 63 (Age) -+ 93 (HI) — 167 (Sheldon) SE(FV(C) = 1310
FA(FEY) = — 3618 4 72 (Age) -+ 87 (1) SE(FEV) = 2712
E(FEEF 25) = — 4807 4 (13 (Age) -} 111 (HD) SEAFEF 25y = 704
AFERF S0) = -— 3961 -+ 82 (Age) 4 93 (1) SEAEE 50) = 642

18-59 269 E(FVQO) = — 13675 — 19 (Age) 4 121 (HD SE(FVCY = 49
B (FEVY = — 1917 — 22 (Age) + 105 (110) — 89 (Sheldon) SE(FTEV) = 378
E(FEE 25) = 1255 — 35 (Age) - 102 (111) — 238 (Sheldon) SEO1EE 28y == 913
EA(FEEF 50) = 1174 -—— 33 (Age) + 76 (1) — 170 (Sheldon) SEAIFE 50y = 810

60 -} 64  FE(FV(C) = — 642 — 31 (Age) 4 &1 (HYD) SE(FVCY = 199
FAFEV) = 340 — 29 (Age) -+ 57 A1) SEAFEVY = 352
E(FEF 25) = 5132 — 45 (Age) SEA(FEE 25y = 774
FA(FEEF 50) = 3804 — 34 (Age) SEAVEE 50) = 673

Mull, R,

94
95

1

66
13

56
66
49

18
A7

91
93
RS
76
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Table 5 Roger Detels
A0-123-32

AVERAGE ANNUAL CHANGZ IN RESIZUEMTS 285-%53 VoS [N FOUR STUDY ARELS

[ SR g e

~ 3

Burcank Lancasziar Lonc 322ch G

(@)

(S

" MALEZZ : Smokars

FEf,s.25 (mi/sec) =103 - 8] -122 =133
Never Smcxers

Fzv, - 26 -~ EC - £z - g

FvC - 4 - %o - 82 - 71

Fifas.7s - 66 - 51 - 393 - ¢:Z

FEMALES + Smokers

(1)
[}
B
8]
]
wn
£
]
s
m

FEVl - 2

~d
]
[$1]
~1
]
u
~I
]
(93}

Fug -
FET, o s - 683 - 57 - 99 - 82

Never Smokers

FEY, - 20 - 36 - 50 - 47
FVC -6 - 47 - 60 Y

in

E%,5ns - 5 5 - 79 -100
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Table 6, Comparison of Mean of Differences in FEVy in Participants Whose Baseline FEVy was
Greater than 75% (0/E) Testedat the Mobile Laboratory and the UCLA Laboratory at

Baseline and Retesting

MEAN DIFFERENCE

(Mobile UCLA Lab) LANCASTER BURBANK GLENDORA LONG BEACH
FEVy
Baseline (Tq) -80%30 o * ~190%40,, _80%30 ¢ 2140460,
(N=76) (N=38) (N=77) (N=51)
Retest (T7) 708110, +40t60cc 120" 0¢c GOtzsocc
(N=9) (N=35) (N=33) (N=9)
Ty -T2 -10 cc -230 cc -40 cc -80 cc

* Standard error of mean .

N.B. A minus value suggests that the observed Ty - T» value in the mobile laboratory 1s an
underestimate of the actual Ty - T2, where as a positive value suggests that the observed

Ty - Tp value is an overestimate . Ty-T

and 6 years in Long Beach. 2

equals 5 years in Lancaster, Burbank and Glendora

E-€EL-0V
S|1313Q 4360y



Roger Detels

A0-133-32
T T e e T e e
Volunteers 2 3 ) : \
T Ts T3- T, T3- T2
MALZS : Smexers
FZy, (m1) - 29 T
Fve o (m1) : + 18 - 24 - 90
EF.s.-s (ml/sac) -108 =123 -128
AN3750_1250 (%) -.003 +.048 +.108
: Never Smckers
Fzy, " (ml) ' : - 38 - 48 S .5
FC (m) o-m - 43 - 79
LFs5-7c (ml/sec) ' - 64 - 73 - 81
AN2750-1250 (%) -.022 +.023 +.074
FEMALES : Smokers
FE/y (m1) - 21 - 36 - 52
FYC (m1) + 2 - 23 -~ 60
FZF g (ml/seC) - 78 - 85 - G2
AN2750-1250 -.010 +.O§6 +.152
: Never Smokers
Fzv,  (ml) - 16 - 35 - 57
Fic (ml) - 4 - 3% - 68
- FEFyz-95 (ml/sec) - 42 - 63 - 90
AN2753-1253 -.023 +.022 +.088

n
i~
(V9]
Nag
(O

[a
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Table 8. Retest Status of Cohorts?
RESPONDENTS NON-RESPONDENTS
RESIDENCE AT BASELINE/ TOTAL
RESIDENCE AT RETEST LFT* Quest. Deaths Subtotal Re fused Lost
Only
LANCASTER
Study Area 1148 (72%) 101 ( 6%) 30 { 2%) 1279 (80%) 323 (20%) - 1602
Moved 39 { 5%} 300 (37%) 6 ( 1%) 345 (42%) - 467 (%8%) 812
Subtotal 1187 (49%) 1624 (67%) 2414
GLEMDORA -
Study Area 1050 (79%) 33 ( 2%) 19 { 1%) 1102 (83%) 226 (17%) - 1328
Mo ved 89 (14%) 163 (27%) 2 (<19) 254 (41%) - 360 (59%) 614
____________________ e e e e e e e e st e e b A e e e e e e e e e e e e s e e e A v A e s e ] e e e e e e e e et A e e e o A A e e 2= | tm e e
Subtotal 1139 (59%) 1356 (70%) 1942
LONG BEACH
Study Area 737 (747%) 98 (10%) 36 ( 3%) 871 (87%) 128 (13%) - 999
Moved 84 (11%) 176 (22%) 2 (<13) 262 (33%) - 538 (671) 800
Subtotal 821 (46%) 1133 (63%) 1799

n

*

25-59 years of age at T,

Lung function tests

ce-ge -y
S{3318Q 43b0y



Roger Detels
A0-133-32

Y "ﬁ*
% Table 8a. Proportion Retested” Strarified by Age, Sex, Smoking Status, and Place of Resraence ,
]

| Current Smokers Rever Smokers i
Lancaster Gienagora Lancaszter Gienczra ‘
Tested az Percent Tested at Percent Tested at Percent Testes a< Ferzent l
i Sex’Aze’yr) Base  ne Retestecd Bazseline Retester Baseline Retpstec Baseline Reveglas ;
| Males i
7-10 _ _ _ _ 210 50 141 €2 |
11-14 - - - - 217 47 137 e ;

15-18 - - -— - 140 26 gz 45

15-24 - - - - 61 3B 74 4

25-33 178 40 130 48 138 51 143 53

40-58 204 48 111 64 124 58 104 63
Females :
7-10 - - - -~ 162 46 140 63 :
i
11-14 - - - - 207 51 138 62 }
15-18 - - - - 158 35 103 a7 !
}
15-24 - - - - B2 37 97 47 |
25-39 163 4z 108 53 229 54 260 63
40-53 188 41 128 58 253 55 181 70 ;

#"ite onlyy 7-59 years of age at baseline; had not changed job or resigence because of a respiratory prodlem;

FEVI exists 2t both times.
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Roger Detels

AD-133-32
Table 10 'Re5ponse Rate at Retest™™  According to Baseline FEV, Results in Lancaster,
Long Beach, Burbank, and Glendora
FEVl AT BASELINE
SEX/RESIDENCE
< 75% Q/E > 73% O/E
Smckers
Males
Lanczster 50% (30)* 487 (352)
Glendora 54% (28) 57% (212)
Long Beach 40% (13) 41z (233)
Females
Lancaster 407 (40) 477 (313)
Glendora 577 (28) 562 (205)
Long Beach LB (28) 48% (215)
Never-Smokers
Males ‘ )
Lancaster 57% (7) 57% (253)
Glendora 307 (&) 637 (243)
Long Beach - BOZ (5) 55% (216)
Females »
Lancaster 3372 (12) 617 (470)
Glendora 737 (11) 67% (426)
Long Beach 467 (11) 547 (361)
¥

Number in group at baseline testing

**  White only; 25-59 years of age at T, ; did not change job or residence
1 J

because of a lung problem; FEVy exists at both times.
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A0-133-32
Tablella. EAN 5 STV, {G/E)_AT 8ASTLINZ AMONG THOSE RITESTZD, THISZ NCT
RETEST, AND TH0SZ WrEQ RAD D1zZ0~
Residence/Retest Mean % FEV1 (078 -
Stazus Numper Standard Error
Lancaster
Retestad 1815 1900 = 0.2
Oied 35 G1.3 - 3.Z
Mot retessted 20863 ¢c.0 - 0.2
Questionnaire only 639 9.3 = 0.7
Refusad 4380 96.5 = 0.6
Lost saz 100.0 = 0.5
Long Zeach
Restad 1051 102.5 = 0.5
Died 33 89.1 + 4.5
Not retesiead 1222 100.5 = 0.5
Questionnaire only 325 102.8 = 1.0
Refused 132 95.5 = 1.5
Lost 764 10C.5 - 0.6

* White only; 7-5G6 yr of age at Tl; nad not ¢hanged job or residence
because of a respiratory prodliem

t Expected values derived from previously reported equations
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A0-133-32
Table 17b. Mean FEVy (0/E) at Baseline Among Those Retested,
Those Not Retested, and Those Who Had Died™
Residence/Retest Mean FEVy (0/E)T =
Status Number Standard Error
Lancaster
Retested 1815 100.0 = 0.4
Died 35 91.3 = 3.3
Not retested 2083 82.0 = 0.4
Questionnaire §n1y 639 89.3 = 0.7
Refused 480 6.5 = 0.0
Lost 944 100.0 = 0.5
Glendora
Retested 1681 100.4 = 0.4
Died 22 88.8 = 3.5
Not retested 1275 93.7 + 0.4
Questionnaire only 378 99.5 = 0.8
Refused 258 98.7 =+ 1.0
Lost 638 100.3 = 0.6

o
White only; 7-59 years of age at Ty; had not changed job or

residence because of a respiratory problem.

+Expected values derived from previously reported equations
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Table 12. Correlation™ Between (O/E%) FEV] and Level of Pollutant at Time of Retesting

Okt NO-> S04 Particulates S0,
TANCASTER™™
Never Smokers
Male .03 -.01 .02 .09 +
Female 03 07 .10 .30 +
Smokers
Male -.13 .05 .09 31 +
Female 07 .01 .18 16 +
LONG BEACH
Never Smokers
Male .20 -.01 .12 .25 .07
Female .10 ~.06 -.05 .15 .02
Smokers \
Male .25 .02 -.08 .26 -.08
Female .25 -.20 .29 .37 -.03
GLENDQORA
Never Smokers
Maie -.02 .05 -.05 .00 .06
Femzle .10 .08 -.10 .04 .06
Smokers
Male .10 .09 -.13 -.07 .C0

Female -.10 .06 -.13 -. 04 .07

Correlation coefficient (at retest)

White only; 25-59 years of age at Ty; did not change job or
residence because of 2 lung problem; FEV, exists at both times.

+ S0, not measured 1n Lancaster
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Table13. Mean Age and Height of Participants** 25-59 Years 01d Who
Were Retested

STUDY AREA
CHARACTERISTIC
Lancaster Glendora Long Beach
AGE
Never Smokers:
Male - mezn g1=0 " 4020 a0l !
Female - mean 40=:0 36=10 43=12
Smokers:
Male - mean 42=10 | 42=10 4911
Female - mean 41> 3 41% 3 44=10
Wetet T
Never Smokers:
Male - mean g9~ 3 69= 3 70% 3
Female - mean 64= 2 64 2 64% 3
Smokers:
Male - mean gg* 3 gox 3 . §9* 3
Female - mean 64= 2 pax 2 64% 2

* Mean age (or height) at baseline # standard deviation

** White only; 25-59 years of age at Ty; did not change job or residence
because of a lung problem; FEV] exists at both times
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A0-133-732
Table 14 Type of Heating Fuel Used in Study Areas
Type of Heating Fuel Lancaster Glendora Long Beach
Gas 765 (94%) 760 (97%) 777 (94%)
0il 11 (1%) 0 2 (<1%)
Electricity 34 (47) 15 (27%) 45 (5%)
Other 5 (1%) 5 (1%) 3 (<17Z)
TOTAL 780 827
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Table 15 Incidence of Losing and Developing Symptoms in the Interval Betweaen Tes+-
ing and Retestingin Never Smokers 7-24 Years 01d~*

. - Incidence of Incidence of
Sex/Symptom/Residence Developing Symptom*~ Losing Symotom™
MALES

Cough
Lancaster 30/256 (12%) 7/8 (8E%)
Long Beach 4/87 (5%) 4/4 (100%)
Glendora 13/2289 (6%) 18/21 (86%)
Cough & Sputum
Lancaster 26/258 {10%) 6/6 (100%)
Long Beach 3/N {3%) 0/0 ( ~)
Glendora 9/237 (4%) 10/12 (83%)
Wheszing
Lancaster 247226 (11%) 23/38 (60%)
Long Beach 4/71 (6%) 12/20 (60%)
Glendora 26/190 (14%) : 27/60 (45%)
Asthma, Bronchitis & Emphysema
Lancaster 3/240 (1%) 8/24 (33%)
Long Beach 3/79 (4%) 2/12 (17%)
Glendora 7/224 (3%) 6/26 (23%)
FEMALES
Cough
Lancaster 23/262 (9%) 4/4 (100%)
Long Beach 11/114 (10%) . 2/2 (100%)
Glendora 21/246 (9%) 20/24 (83%)
Cough & Sputum
Lancaster 18/262 (7%) 3/4 (75%)
Long Beach 7/113 (6%) 3/3 (100%)
Glendora 10/261 (4%) 7/8 (88%)
Hheezing | ;
Lancaster 18/241 (8%) 14/25 (56%)¢
Long Beach 13/102  (13%) 7714 (50%)
Glendora 30/217 (14%) 27/53 (51%)
Asthma, Bronchitis & Emphysema
Lancaster 13/255 (5%) 5/11 (46%)
Long Beach 2/103 (2%) 5/13 (39%)
Glendora 5/242 (2%) 7/28 (25%)

**New symptom divided by symptom not reported at baseline.
TLost symptom divided by symptom reported at baseline.
*White only, '
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Table 16. 1Incidence- of Losing and Developing Symptoms in the Interval
Between Testing and Retesting in Never Smokers 25-28 Years 01d~

Incidence of | Incidence of
Sex/Symptom/Residence Developing Symptom** Losing Symptom
MALES
Cough
Lancaster 18/142 (13%) 0/0 { «N)
Long Beach 14/122 (12%) 1/2 (50%)
Glendora 13/141 (9%) 3/0 (50%)
Cough & Sputum
Lancaster 17/140 (12%) 1/2 (50%)
Long Beach 10/123 (8%) 0/1 (0%)
Glendora 4/140 (32) 5/7 (71%)
Wheezing
Lancaster 17/130 {13%) 7/12 (58%)
Long Beach - 16/113 (9%) 6/11 (54%)
Glendora 10/125 (8%) 15/22 {68%)
Asthma, Bronchitis & Emphysema
Lancaster 1/133 (1%) 2/9 (22%)
Long Beach 4/114 (4%) 1/10 (10%)
Glendora 2/141 (1%) 1/6 (17%)
FEMALES
Cough
Lancaster 25/244 (10%) _ .6/19 (32%)
Long Beach 22/186 (12%) 1/6 (17%)
Glendora 33/267 (12%) 16/24 (67%)
Cough & Sputum
Lancaster 21/253 (6%) 6/10 - (60%)
Long Beach 11/187 (6%) 3/5 {60%)
Glendora 13/278 (5%) 9/13 (69%)
Wheezing
Lancaster 127253 (5%) 11/30 (37%)
Long Beach 11/173 (6%) 11/18 (58%)
Glendora 18/241 (8%) 31/50 (62%)
Asthma, Bronchitis & Emphysema
Lancaster 10/245 14%) 4718 (22%)
Long Beach 6/1%0 (3%) 4712 (33%)
Glendora 15/273 (6%) 5/17 (29%)

**New symptom divided by symptom not reported at baseline.
“Lost symptom divided by symptom repcrted at baseline.

*White only, did not change jbb or residence because of a Tung problem;
FEVy exists at both times.
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Table 17. Incidence of Losing and Developing Symptoms in the Interval Between
Testing and Retesting in Smokers 25-589 Years 01d*

: Incidence of Incidence of
Sex/Symptom/Residence Developing Symptom** Losing Sympzom
MALES

Cough
Lancaster 32/130 (25%) 14/38 (36%)
Long Beach 21/84 (25%) 6/17 (35%)
Glendora 21/93 (23%) 15/40 (38%)
Cough & Sputum
Lancaster 257140 (18%) 10/28 (34%)
Long Beach 14/89 (16%) 5/12 (42%)
Glendora 18/103 (18%) 14/30 (47%)
Wheezing
Lancaster . 19/125 (15%) 21/44 (48%)
" Long Beach 14/66 (21%) 22/35 (63%)
Glendora 16/79 (20%) 18/54 (33%)
Asthma, Bronchitis & Emphysema
Lancaster - 14/148 (10%) §/21 (38%)
Long Beach 4/88 (4%) 2/13 (15%)
Glendora 9/122 (7%) 2/11 (18%)
FEMALES
Cough
Lancaster 31/120 (26%) 8/31 (26%)
Long Beach 29/94 (31%) 6/20 (30%)
Glendora 16/98 (16%) 21/33 (64%)
Cough & Sputum
Lancaster ' 33/131 (25%) 8/20 (40%)
Long Beach 217102 (21%) b/12 (50%)
Glendora 12/108 (11%) 14/22 (64%)
Wheezing
Lancaster ’ 17/110 (16%) 14/41 (34%)
Long Beach 10/69 (14%) 21/45 (47%)
Glendora 16/81 (20%) 25/50 (50%)
Asthma, Bronchitis & Emphysema
Lancaster 13/130 (10%) 3/21 (14%)
Long Beach 9/94 (10%) 8/20 (40%)
Glendora 7/112 (6%) 4/19 (21%)

**New symptom divided by symptom not reported at baseline.
+
Lost symptom divided by symptom reported at baseline.

*White only, did not change job or residence because of a lung problem;
FEVy] exists at both times.
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Table 18 Mean Annual Change in Spirometric Indices in Residents* 7-24 Years Who Never Smoked

Sex/Age/Area FEV, FVC FEFo5 95 . Vs V50 AN
(m1) (m1) (m}/sec) (ml/sec) (ml/sec) (7 x100)
MALES:  7-10%
lancaster (N=104)  2gg*!0¢ 3421134 293174 1537130 299+179 -6.2t10.8
Long Beach (N=34)  289%09 331496 309t15" a3t 1s 3241158 0,370
Glendora (N=92) 276117 324%129 2614177 133116 2801 9" q.g-12"
11-14
Lancaster (N=101)  304%%° 3494120 333172 173t1°8 3174198 .2.2t8.0
Long Beach (H=17)  299*% LR VE S 167+90 3154156 0.247+%
Glendora (N=80) 316ttt 367+ 36 3044152 180%120 331180 gE15.6
15-18
Lancaster (N=36) 5390 62+ 41%160 -1g*176 24t216 -3.0410.1
Long Beach (N=16) 37406 39*7! g*es -20%5" -10+103 3.2t8.3
Glendora (N=45) itttz 75+121 72+183 11 7gt2 1Y 9.4t10.2
19-24
Lancaster (N=23) -18%58 12465 -13%91 - 4897 _pHh3 1,390
Long Beach (N=24)  -74%65 -73%70 -130*109 ~103+%3 ~144*166 0.44:2
Glendora {N=32) -39*%7 -42%81 ~70101 SIEI -54+162 7E12.s

2
(Table 18 continues on next page.)
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(Table 18 - continuation)

FEMALES: 7-10

Lancaster (N=75) 235458 259174 2711134 130¢10% 260%15° _7. 2.l

Long Beach (N=3a)  207%53 215%79 2514136 150198 229'128 3.448.0

Glendora {N=91) 222475 242490 256'131 151112 259+115 2.gt17-"
11-14

Lancaster (N=105)  122%89 1214100 1474154 ggt130 Jo8t17" -1.1410.8

Long Beach (N=26) 6576 734103 53116 3tr12 33+108 5.619.6

Glendora (N=85) 12394 1314110 126162 764135 112%163 7.7415.2
15-18

Lancaster (N=56) 6*"? 21783 -30+108 ~qgti2 -37413° -0.6t11 "

Long Beach (M=19)  -12*"%3 ~12%42 -72%78 ~57%05 ~77478 5.0t7-7

Glendora {H=48) ok -11%58 _221105 -41493 -2pt110 CRERRRD
19-24

Lancaster (N=30) 057 -1%76 -25%100 -51%86 -17%126 -3,0%9.5

Long Beach (N=37) -1p*78 -17%100 -p2+88 -67181 ~77%94 2.7%7.3

Glendora (N=46) -23%47 -2661 -70%112 -54%92 - _y02*120 7.6%11.9

+ Hhite only

* Age at baseline

%% Mean of annuilized five-year decrease + standard deviation
Mean = T - Tz/elapsed months x 12

ce-tel-0y
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Table 19, Average Annual Decrease in Lung Function Bet: :seline and Retest Five Years Later 1In
Participants* 25-59 Years 01d in lLancaster, long Beach & ‘ndora
FEV, FVC FEFos y5 Veo Vo pN,
GROUP (ml) (ml) (ml/sec) (ml/sec} (ml/sec) (% x100)
MALES: Hever Smokers
* i
Lancaster (N=142) 5o ! 5679 51%132 737238 44*106 2.2 128
Long Beach (N=124) 65+° got70 g3t 0 123" 55t 0" (+)3.3°27
Glendora (N=147) 560 71E7 ggt! 3! 1254191 657106 (4)q.4%1207
Smokers _
Lancaster (N=169) 54458 55401 g1*128 1194202 58+ 90 (+)0.g"13:?
Long Beach (N=101) 787! g7t108  1pptll2 1627127 7386 (+)7.4%1"+0
Glendora (N=133) 70£00 g3t’s 1137137 143%178 66'%°  (+)11.0%°-°
FEMALES: Never Smokers
Lancaster (N=263) 342 41*61 gl 12 ge "0 TR 1.3°1%:0
Long Beach (N=192) 5ot 2 60%58 79%3" 1124100 41468 (+)5.8%12¢3
Glendora (N=291) 47440 47%58 100%10° 109128 76%0° (+)6.171%"
Smokers ‘
Lancaster (N=151) 4g"" 57¥6Y 574103 g5 146 43100 (4)2.4190
Long Beach (N=114) 5447 57 ¥54 9g*107 1244122 65771 (+)14.671 7"
Glendora (N=131) 4543 5163 g2t 08 1024120 5705 gyt

* White only, did not change job or residence because of a lung prob1ém;

ZE-geL-0v
S|233(Q +2boy

FEV] exists at both times,

** Mean of annualized five-year decrease * standard deviation
Mean = Ty - To/elapsed months x 12
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Table 20, Changes in Smoking Status
Percent of Smokers™ at Baseline Who Quit Smoking by Retest
Sex Lancaster Long Beach Glendora
A (NQ/NT)+ % (NQ/NT) pA (NQ/NT)
Males 25.9 (44 /170) 34.0 (34/100) 23.3 (31 /133)
Females 12.7 (19 /150) 19.3 (22 /114) 23.7 (31/131)

Percent of Never Smokers* at Baseline Who Began Smoking by Time 2

Sex Lancaster Long Beach Glendora

% (Ng/Np) Z (Ng/Np) Z (Ng/Np)
Males 6.3 (9/143) 3.3 (4/122) 4.1 (6/147)
Females 1.5 (4/263) 2.0 (4/197) 2.1 (6/291)

* White only; 25-59 years of age at baseline; did not change job or
residence because of a lung problem; FEV] exists at both times.

+ Number who quit =

number retested

~83-
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Table 21. Significance Levels for Differences Among Never Smokers in Rate
of Change Between lancaster and Two Communities Chronically Exposed
to Air Poliutants

AGE GROUP
AREA/TEST
7-10 Years 11-14 Years 15-18 Years 19-24 Years 25-59 Years
FEMALES
Glendora
FVC .01
YSD .01 .05
Vs .01
ANy .01 01 .01 .01 01
Long Beach
FEVl .05 .01 01
FVC .01 .05 .01 01
FEi25_75 .01 .05
YSO .05 .05 .0b
V75 .01 ‘
A N2 .01 .01 05 .01
MALES
Glendora
FEVl
FYC
FEF 05 .01
.25-75 . .
$s0 | -05
75
ANZ .01 .01 .01 .01
Long Beach :
FEVl .01 .0
FVC .01 .01
FEE o 75 .01 .01
Veg .01 .05
Vis
A NZ' .01 .05 01

—84—



Roger Detels
A0-133-32

Table 22. Levels of Significance for Differences in Rate of Change Between
Current Smokers in Lancaster and Two Study Areas Chronically
Exposed to Air Pollutants

25 - 59 YEARS
Glendora Long Beach
Males
FEV, .05 .01
FVC .01 01
FEFog_7g .05 .01
Y50
V5
AN, 01 .01
Females
FEVy
FVC
FEF25-75 -01
YSO .05
Vs
A Ny 01 .01
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Bibliography erc List of Appencices
(Items 1-15 of the bibliography are Appendices 1-15 to the report. These

Appendices are available upon request to the Air Resources Board. Hote,

however, that Appendices 1-12 and 14 are published or submitted papers.)

-86-



Roger Detels
A}-133-32

BIBLIOGRAPHY AND APPENDICES

Detels, R, Rokaw. S, Coulson A, Tashkin, D, Sayre, J, Massey, F: The
UCLA Population Studies of Chronic Obstructive Respiratory Disease.
I. Methodology and Comparison of Lung Function in Areas of High and Low

Pollution. Am. J. Epidemiol. 109/1:33-58, 1979.

Tashkin, D, Detels, R, Coulson, A, Rokaw, S: The UCLA Population Studies
of Chronic Obstructive Respiratofy Disease. 1I. Determination of

Reliability and Estimation of Sensitivity and Specificity. Environ. Res.

20:403-424, 1979.

Rokaw, S, Detels, R, Coulson, A, Sayre, J, Tashkin, D, Allwright, S,
Massey F: The UCLA Population Studies of Chronic Obstructive Respiratory
Disease. III. Comparison of Pulmonary Function in Three Communities
Exposed to Photochemical Oxidants, Multiple Primary Pollutants or Minimal

Pollutants. CHEST 78:252-262, 1980.

Detels, R, Sayre, J. Coulson., A. Rokaw, S, Massey, F, Tashkin, D, Wu, M:
Respiratory Effect of Long-term Exposure to Two Mixes of Air Pollutants in

Los Angeles County. CHEST 803:27§—29S, (July) 1981.

Detels, R, Sayre. J, Coulson, A, Rokaw, S, Massey, F, Tashkin, D,

Wy, M:  The UCLA Population Studies of Chronic Obstructive Respiratory
NDisease. IV. Respiratory Effect of Long-Term Exposﬁre to Photochemical
Oxidants, Nitrogen Dioxide, and Sulfates on Current and Never Smokers!

Am. Rev. Respir. Dis. 124:673-680, 1981.

_R7_



10.

Roger Detels
) -133-32
Detels, R, Sayre, J, Massey, F, Tashkin, D, Coulson, A, Rokaw, S: The
UCLA Population Studies of Chronic Obstructive Respiratory Disease. VI.
Relationship of Physiclegic Factors to Rate of Change in FEV; and FVC.

Am. Rev. Respir. Dis. 129:533-537, 1984.

Tashkin, D, Clark, V, Simmons, M, Reems, C., Coulson. A, Bourque, L, Sayre,
J, Detels, R, Rokaw, S: The UCLA Population Studies of Chronic
Obstructive Respiratory Disease. VII. Relationship between Parental
Smoking and Children's Lung Function. Am. Rev. Respir. Dis. 129/6:891-

897, 1984.

Tashkin, P, Clark, V, Coulson, A, Simmons, M, Bourque, L, Reems, C,
Detels, R, Sayre, J, Rokaw, S: The UCLA Population Studies of Chronic
Obstructive Respiratory Disease VIII. Effects of Smoking Cessation on
Lung Function: A Prospective Study of Free-Living Population. Am. Rev.

Respir. Dis. 131/5:707-715, 1984.

Detels, R, Tashkin, D, Sayre, J, Rokaw, S. Coulson, A, Massey, F,
Wegman, D: The UCLA Population Studies of Chronic Obstructive Respiratory
Disease IX. Cohort Studies of Changes in Respiratory Function Asscciated
with Chronic Exposure to Photochemical Oxidants in Community Air

(Submitted)

Detels, R, Rokaw, S, Tashkin, D, Sayre, J, Massey F, Coulscn, A, Wegman,
D: The UCLA Studies of Chronic Obstructive Respiratory Disease X. A
Cohort Study of Changes in Respiratory Function Associated with Chronic

Exposure to SO, NO, and Hydrocarbons {(Submitted).

X



11.

12.

13,

14.

18.

16.

17.

Roger Detels
A0-133-32
Detels, R, Tashkin, D, Simmons, M, Carmichael, H, Sayre, J, Rokaw, S,
Coulson, A: The UCLA Population Studies of Chronic Obstructive
Respiratory Disease. V. Agreement and Disagreement of Tests in

Identifying Abnormal Lung Function. CHEST 82/5:630-638, 1982.

Tashkin, B, Clark, V, Coulson, A, Bourque, L, Simmons, M, Detels, R,

DAt T
Rokaw, S: Com n

Function in Young Smokers and Non-Smokers

Before and After Initiation of the Smoking Hébit: A Prospective Study.

Am. Rev. Respir. Dis. 128:12-16, 1983.

Study Questionnaire.

Detels, R, Coulson A, Tashkin, D, Rokaw, S: Reliability of
Plethysmography, the Single-Breath Oxygen Test, and Spirometry in
Population Studies. Bull. Physiopathol. Respir. 11:9-30, 1975.

Proposed Further Data Analysis.

South Coast Air Quality Management District: Contour Maps of Air Quality
in the South Coast Air Basin, 1976: Evaluation & Planning Report 77-1, EI

Monte, CA. SCAQMD July, 1977.

Menck, HR, Casagrande JT, Henderson, BE: Industrial Air Pollution:

Possible Effect on Lung Cancer. Science 183:210-12, 1974.

-89~



18.

19.

20.

21.

22.

23.

Roger Detels
A0-133-32
Technology Service Corporation (Santa Monica, California). Data Base
Development of Human Exposure to Air Pollution in the South Coast Air
Basin. Final Report to California Air Resources Board, Contract A7-163-30

California Air Resources Board, 1979.

Ferris, BG Jr., Anderson, DO: Epidemiological Studies Related to Air
Pollution: A Comparison of Berlin, New Hampshire, and Chilliwack, British

Columbia. Proc R Soc Med 57:979-83, 1964.

Fletcher, C, Petc, R, Tinber, C, Speizer, F: The Natural History of
Chronic Bronchitis and Emphysema: An 8 Year Study of Early Chronic
Obstructive Lung Disease in Working Men in London. Oxford Univ. Press,

1976, pp 70-105.

Buist, AS, Van Fleet, DL, Ross, BB: A Comparison of Conventional
Spirometric Tests and the Test of Closing Volume in an Emphysema Screening

Center. Am Rev Respir Dis 107:735-43, 1973.

Dawber, TR: The Farmingham Study: The Epidemioiogy of Atherosclerotic

Disease. Harvard Univy Press, Cambridge, MA, 1980.
van der Lende, R, Kok, TJ, Reig, RP, Quanjer, PH, Schouten, JP, Orie, NGM:

Decreases in VC and FEVy with Time: Indicators for Effects of Smoking and

Air Pollution. Bull Eur Physiopathol Respir 17:775-92, 1681.

-90-



24.

25,

26.

27.

28,

Roger Detels
A0-133-32
Clement, J, van de Woestijne, KP: Rapidly Decreasing Forced Expiratory
Volume in One Second or Vital Capacity and Development of Chronic Air-flow

Obstruction. Am Rev Respir Dis 125:553-58, 1982.

Kauffmann, F, Drouet, D, Lellouch, J, Brille, D. Twelve Years of
Spirometric Changes Among Paris Area Work:rs. Int J Epidemiol 8:201-12,
1979.

Sparrow, D, Bosse, R, Rosner, B, Weiss, ST: The Effect of Occupational
Exposure on Pulmonary Function. A Longitudinal Evaluation of Fire

Fighters and Nonfire Fighters. . Am Rev Respir Dis 125:319-22, 1982,

Beck, GJ, Doyle, CA, Schachter, EN: A longitudinal Study of Respiratory

Health in a Rural Community. Am Rev Respir Dis 125:375-81, 1982.

Scheffe, H: The Analysis of Variance, New York: John Wiley & Sons, 1959,

pp. 58-89,

-91-



0000000000



