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Tne purpose of this Study was to examine the relationship of Tung cancar iacidence in
Cortra Costa founty to amdient Tavels of air pollution. It was suspectad that the
prasenze of Pagvy frdustry in the courty, masnly petrockemical plants and 017 refineries,
could be g contributing factor. Initially, an incidence analysis establisnied that the
Industrial portion of the county had as excess o° lung cancer.as compared to the

rexeiniag Non-industrial partion. Air pollution paiterns were subsequently dekarm1ec

by five permanent air nun1tar1ng stations avd ten Tenporary stations which monitorad

the levals of 12 air pollutants for a pericd of one year. By correiating the 1970-72

lung cancar rates for each census tract and tract levels of air pollution constituents,

z stetistically significamy relazionship betweern ambient air S0s and lung cancer in

ma‘tes, but not in femaias, was found, However, whar adiusted far the pe~cant of tha warking
population categorized as blue collar, the association was 2liminated. An intervies study
of 749 casas and 373 controls was then conducted. Oemograpmic, work history, resideanzial
history, dietary, and smoking histcey questions comprised the buylk of the data coiiected.
Enalysis indicated that the mzjor contribution to Tung cancer in the counly was due to
¢igaratZe smoking, No significant association batween lung cancer risk and measurec
gonstituents of air pollation was found. OFf Ffive Eroad occupztisnal catagories

{indrcating possible hazardous exposures} none had any signtficant relaticnship tc Tune
carcer.
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NOTICE

This document has been reviewed in accordance with
U.S. Environmental Protection Agency policy and
approved for publication. Mention of trade names
or commercial products does not constitute endorse-
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FOREWORD

The many benefits of our modern, developing, industrial society are
accompanied by certain hazards. Careful assessment of the risks of existing
and nevw man-made environmental hazards is necessary for the establishment of
sound regulatory policy. These regulations serve to enhance the quality of
our environment in order to promote the public health and welfare and the
productive capacity of our Wation's population.

The Health Effects Research Laboratory, Research Triangle Park, conducts
a coordinated environmentzl health research program in toxicology, epidemi-
ology, and clinical studies using human volunteer subjects. These studies
address problems in air pollution, non-ionizing radiation, environmental
carcinogenesis and the toxicology of pesticides as well as other chemical
pollutants. The Laborztory participates in the development and revision of
air quality criterias documents on pollutants for which national ambient air
guality standards exist or are proposed, provides the data for registration
of new pesticides or proposed suspension of those already in use, conducts
research on hazardous and toxic meterials, and is primarily responsible for
providing the health basis for non-ionizing radiation standards. Direct
support to the regulatory function of the Agency is provided in the form of
expert testimony and preparastion of affidavits as well as expert advice to
the Administrator to assure the adequacy of health care and surveillance of
persons having suffered imminent and substantial endangerment of their
health.

This epidemioclogic study assesses the risk of industrial emissions on
the health of the residents of Contra Costa County. Concern about the
health effects of exposure to air pollution generated by the heavily
industrialized area of the county prompted this investigation. Initially
the study focussed on cancer of the trachea, lung or bronchus, comparing the
Industrial and Non-industrial areas of the county and reviewed incidence
cases and rates spanning the years 1975-1979. Subseguently, air monitoring
of the industrial emissions at 15 sampling stations provided data used
herein to calculate census tract specific air pollutant measures for a
correlation analysis of air pollutants and census tract specific lung cancer
incidence. Finally, an assessment of the risk of lung cancer for county
residents was conducted through a case-control questionnaire study linked to
census tract specific air pollution measurements.

F. Gordon Fueter, Ph.D.
Director
Health Effects Research Laboratory
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ABSTRACT

This study of the relationship of lung cancer incidence in Contra Costa
County to ambient levels of air pollution was generated by the concern of
public officials and private citizen groups concerned about reports of
elevated lung cancer incidence in the county. It had been suspected by some
that the presence of industrial plants in the county, mainly petrochemical
refineries, could be a contributing factor. The study consisted of five
parts.

First, an incidence analysis established that when the county was
divided into two parts, the Industrial area of the county had an excess
of lung cancer as compared to the remaining Non-industrial area.

More detailed information on the patterns of air pollution in the
county were obtained in the second phase of the study. Five permanent air
monitoring stations and ten temporary stations monitored the levels of 12
air pollutants for a period of one year. These data were incorporated into
later phases of the study.

In the third portion of the study, through a correlation analysis of
1970-79 lung cancer rates and various air pollution constituents, a
relationship between ambient air SO, and lung cancer in white males, but
not in white females, was found to be statistically significant. However,
the percent of the working population categorized as blue-collar was also
associated with lung cancer in white males and the previous association
between lung cancer in white males and ambient air SO, levels was
eliminated when this third factor was taken into consideration.

Part four of the study was to have consisted of a linkage of
occupational group cohorts to registry cancer incidence files but was not
conducted for lack of easy availability of occupational group records.

Part five of the study was an analysis of case-control interview data
on a final sample of 622 individuals. Demographic, work history,
residential history, dietary, and smoking history information comprised the
bulk of the data collected.

Analysis of the data indicated that the major contribution to lung
cancer in Contra Costa County was due to cigarette smoking. Further, there
was no identified effect on lung cancer risk contiributed by any measured
constituent of air pollution. Of five broad occupational categories
(indicating possible hazardous exposures) none had any significant
relationship to lung cancer.
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SECTION 1

OVERVIEW

INTRODUCTIOR

Contra Costa County, located in the northeastern part of the San
Francisco Bay Area, is one of an aggregate of 39 U.S. counties found to have
a high mortality rate for specific cancer sites (Blot et al., 1977). The
fact that the county also has a section which is heavily industrialized,
with five major petroleum refineries and numerous petrochemical plants, and
the fact that 68% of the total stationary air pollution in the Bay Area
originates from the county (AIHL, 1980a) prompted an epidemiological study
of the incidence of cancer in Contra Costa County funded by the United
States Environmental Protection Agency. The major objective was to
determine whether industrial emissions have a measurable effect on cancer
occurrence. The study was originally proposed by and funds granted to the
Contra Costa County Health Department. Following its award, the grant was
rejected by the Contra Costa County Board of Supervisors and returned to the
EPA with the requést that the study be carried out by the California
Department of Health Services. This request was acceptable to both the EPA
and the State of California and the grant was subsequently awarded to the
California Department of Health Services and carried out by the Resource for
Cancer Epidemiology Section of that agency. The study was to have consisted
of five parts:

1. A comparison of the cancer incidence in the heavily
industrialized sections of Contra Costa County to that in the
remainder of the county.

2. Air monitoring, consisting of sampling and chemical analysis of

air to determine the levels of particulate pollution components in
the ambient air.

3. Correlation analysis of lung cancer incidence rates with air
pollution constituents and census tract characteristics.

4. Occupational group monitoring to detect occupational groups at
elevated risk of cancer. )

5. A case-control study to identify specific environmental factors
responsible for any excessive amount of cancer incidence in Contra
Costa County.



DATA SOURCE BACKGROUND

Since 1972, the Resource for Cancer Epidemiology has maintained a
cancer surveillance system (Linden and Austin, 1974) in the San Francisco-
Oakland Standard Metropolitan Statistical Area {SF-0-SMSA), a five county
area that includes Contra Costa County and which has a base population of
over three million. The RCE is under contract to the National Cancer
Institute to provide cancer incidence data for the NCI Surveillance,
Epidemiology and End Results Program (SEER) (NCI, 1981). An earlier program
of the NCI, the Third National Cancer Survey (1969-1971), also conducted by

the RCE in these same five counties allowed those data also to be used (NCI,
1975) in the analyses which follow.

The RCE cancer data files are maintained by a sophisticated, automated
consolidated cancer information system developed in cooperation with NCI,
and serving as a model for other U.S. cancer registries.



SECTION 2

INCIDENCE ANALYSIS

INTRODUCTION

A preliminary analysis of cancer incidence in Contra Costa County for
the period 1972-1975 for all sites combined, lung and bronchus, trachea,
stomach, prostate and lymphoma was completed prior to this analysis for the
Non-industrial area and Industrial area of the county. A line drawn by
subjective means separated the approximate Industrial area of the county
from the rest of the county, constituting the Non-industrial area. The
results of the preliminary analysis showed that a significant difference
existed only for cancer of the lung and bronchus. Therefore, these analyses
were limited to cancer of the lung and bronchus.

METHODS

Lung Cancer Case Selection

Lung cancer cases included for incidence analysis were malignant,
invasive, resident incidence cases for the primary sites of lung, bronchus
and trachea for the period of 1969-1978. Extreme effort was used to
eliminate any erroneous case allocation such as duplicate reports, incorrect
dates of diagnosis, improper census tract assignments, and other factors
such as incorrect demographic and temporal information.

Industrial, Non-industrial Area Definition

In addition, a more objective allocation of Industrial and Non-
industrial census tracts was done., Tracts which were both zoned and used
for heavy industry were assigned to the Industrial area with the remaining
census tracts in the county comprising the Non-industrial area (Figure 1),
Comparison of the lung and bronchus cancer incidence in the two areas for
both sexes and white and black races were conducted, as were temporal trends
for race and sex categories in each area and for the county as a whole.

Development of Population Estimates

Population estimates for 1970-78 by age, race and sex were generated
from census tract data using the 1970 census, a 1975 special census of the
county, and the 1980 census counts of persons by race by using standard
demographic techniques of interpclation and extrapolation. Aspects of the
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population denominator file which could pessibly contribute to erroneous
results were also ruled out.

DaTh ANALYSIS

Lung cancer incidence rates for the Industrial and Hon-industrial areas
of Contra Costa County show a widening difference for each race and sex over
the period of 1969-1978. Final incidence rates for the period 1975-1979
show a significant excess of lung cancer in the Industrial area residents
(Table 1). Using the total rate figures of Table !, the lung cancer rate
for the Industrial area (539.4) exceeds that of the Non-industrial area
(50.0) by 38.8% or approximately 40%.

Both the nuzber of new lung cancer cases and the number of deaths
increased faster than the population in Contra Costa County during the
period 1969-1979 (Table 2). The number of cases more than doubled during
the period 1969 to 1977. During the last two years the number of cases
appears to have decreased slightly.

Lung cancer incidence reporiing by Industrial/Nen-indusirial area of
residence is presented in Table 3 for individual ysars 1969-1979. While
recughly progresaive increases in lung cancer incidence occur for <he Hon-
industrial area, a peak in cases occurs in the Industrial area in 1975
followed by a gradual reduction in later years.

Though Table 4 demonstrates a numerical difference in the number of
lung cancer cases among black males and females in the Industrial/Non-
industrial areas, a statistically significant difference in rates could nat
be demonstrated (see Table 1). The black population is concentrated inm %two
areas of the county apnd primarily resides in the Industrisl area.

Therefare, the black population would have nearly identical exposures to air
pollution and would meke analyses of lung cancer incidence based on
differences in polliutant exposures difficult. For the above reasons, tae
study focused on lusng cancer incidence in the white population.

Figure 2 presents lung cancer rate data for white males for the
Industrial and Non-industrial areas for the period of 1970-1978. A
difference in incidence rates occurs for the period with & maximum in 1976.
The observed differences were statistically significant at the .01 level in
1672-1976 periocd and the .05 level in 1977 and 1978 as Table 5 illustrates.

In Figure 3, a trend of high white female rates is indicated in tke
Industrial area but for fewer years than in the mals comparison. Elevated
rates are present in the 1974-1978 period. However, statistical
significance {at the .01 level) occurs only in the shorter 1975-1977
peried. As in the whiie male compariscn, a declinz in rates accurs in the
last two years {Table 5). -

In Table 6, white males in the Industrial area had higher age-
apecific rates in every age group except the tuo youngest 0-29 years and
30-34 years. Thege differences were statistically significant (at the
.05 level) for ages 50-54 and 55-59, using the difference of means test.
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TABLE 1. FIVE-YEAR AVERAGE ANNUAL AGE-ADJUSTED* INCIDENCE RATES FOR
CANCER OF THE BRONCHUS AND LUNG, INDUSTRIAL AND NON-INDUSTRIAL
AREAS OF CONTRA COSTA COUNTY, 1975-79

Group Industrial area Non-industrial area
Males 101.2 (89.4 - 113,0)%* 76.9 (71.2 - 82.6)%*
Females 41.7 (34.6 - 48.8) 30.3 (27.2 - 33.4)
White males 108.6 (94.5 - 122.7) 77.9 (71.8 - 84.0)
White females 44.7 (36.5 - 52.9) 31.0 (27.7 - 34.3)
Black males 92.9 (65.9 - 120.0) 70.7 (40.7 -100.7)
Black females 37.2 (21.5 = 52.9) 15.6 ( 3.8 - 27.4)
Total 69.4 (62.7 - 76.1) 50.0 (47.1 - 52.9)

*Rates are expressed as cases per 100,000 population and are adjusted to

the 1970 U.S. standard.

**Numbers in parentheses are 95% confidence intervals.



TABLE 2. NUMBER OF INCIDENCE CASES OF LUNG CANCER CASES*, CANCER
DEATHS**, AND ESTIMATED POPULATION**¥* CONTRA COSTA COUNTY,
WHITE AND BLACK POPULATION, 1969-1979

Year Number of cases Number of deaths Estimated population
1969 176 131 555,083
1970 222 165 559,491
1971 236 182 563,909
1972 239 178 568,328
1973 255 177 572,735
1974 271 201 577,148
1975 282 214 581,640
1976 303 203 508,830
1977 359 250 614,171
1978 322 260 629,511
1979 333 233 644,852

*Resident incidence cases with site codes 162.0-162.9 by ICD-0 (World
Health Organization, 1976).

**Deaths among residents with primary cause coded 162 by ICD-0 (World
Health Organization, 1976).

*¥*¥population estimated using 1970 and 1980 U.S. census totals and Contra
Costa County census of 1975.

Source: Unpublished SEER data, Resource for Cancer Epidemiology Section



TABLE 3. NUMBER OF LUNG CANCER CASES* BY SEX AND YEAR,
INDUSTRIAL AND NON-INDUSTRIAL AREAS, CONTRA COSTA COUNTY,
WHITE POPULATION, 1969-1979

Industrial area Non-industrial area

Year Total White White Total White White
male female male female

1969-1979 663 481 182 1985 1387 598
1969 41 33 8 109 83 26
1970 45 32 13 152 115 37
1971 46 32 14 166 123 43
1972 62 52 10 158 19 39
1973 56 a7 9 171 114 57
1974 53 41 12 190 144 46
1975 81 55 26 174 121 53
1976 74 49 25 187 126 61
1977 76 52 24 239 153 86
1978 65 39 26 210 142 68
1979 64 49 15 229 147 82

*Excludes 99 cases for the period 1969-79 where a census tract number
could not be assigned to the address.

Source: Unpublished SEER data, Resource for Cancer Epidemiology Section



TABLE 4. NUMBER OF LUNG CANCER CASES* BY SEX AND YEAR,
INDUSTRIAL AND NON-INDUSTRIAL AREAS, CONTRA COSTA COUNTY,
BLACK POPULATION, 1969-1979

Industrial Mon-Industrial
Year Total Black Black Total Black Black
male female male female
1969-1979 128 94 34 58 44 14
1969 7 6 1 5 0
1970 7 5 2 4 4 0
1971 11 7 4 3 1 2
1972 10 8 2 2 1 1
1973 10 9 1 9 6 3
1974 12 10 2 4 3 1
1975 12 9 3 7 5 2
1976 15 12 3 6 4 2
1977 12 8 4 4 4 6]
1978 16 10 6 9 7 2
1979 16 10 6 5 4 1

*Excludes 6 cases for the period 1969-79 where a census tract number could
not be assigned to the address.

Source: Unpublished SEER data, Resource for Cancer Epidemiology Section
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Figure 2. Three year annual age adjusted lung cancer incidence
rates. Industrial and Non-industrial areas. Contra
Costa County, white males, 1970-1978.
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TABLE 5. THREE YEAR AVERAGE AGE ADJUSTED RATES FOR LUNG CANCER
INDUSTRIAL AND NON-INDUSTRIAL AREAS*, CONTRA COSTA COUNTY,
WHITE MALES AND WHITE FEMALES, 1970-1978

Average age-adjusted incidence rates per 100,000 population

Three
year White males White females
average
Industrial Non-industrial Industrial Non-industrial

area area area area
1970 74.2 70.4 24.9 18.1
1971 89.7 75.9 26.6 20.2
1972 103.0 74.3 23.9 23.3
1973 112.3 76.5 21.4 23.1
1974 115.1 T5.7 32.5 24.8
1975 114.6 78.3 42.7 24.8
1976 120.3 78.3 50.3 30.4
1977 104.2 79.4 48.1 31.8
1978 100.0 79.9 40.0 33.9

*Excludes 99 cases where a census tract could not be assigned to the
patient's address.

Source: Unpublished SEER data, Resource for Cancer Epidemiology Section
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Figure 3. Three year annual age adjusted lung cancer incidence
rates. Industrial and Non-industrial areas. Contra
Costa County, white females, 1970-1978.



TABLE 6. AGE SPECIFIC INCIDENCE RATES* FOR LUNG CANCER,
INDUSTRIAL AND NON-INDUSTRTAL AREAS, CONTRA COSTA COUNTY
WHITE MALES AND FEMALES, 1975-1979

Age White males White females
group Industrial Non-industrial Industrial Non-industrial
0-29 - 0.2 0.7 0.4
30-34 - 3.6 7.3 2.3
35-44 19.9 1.9 15.6 8.8
45-49 80.6 52.6 90.6 28.7
50-54 201 .4 61.8 70.5 55.8
55-59 324.8 1471 173.0 90.7
60-64 374.0 303.6 192.2 166.5
65-69 421.3 395.0 167.8 139.9
70~74 605.0 525.7 195.1 143.4
T5+ 724 .4 586.4 137.5 125.6

*Rates expressed as cases per 100,000 population

Source: Unpublished SEER data, Resource for Cancer Epidemiology Section
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White females in the Industrial area had higher rates in every group
when compared to the Non-industrial area. The difference in rates for
females in the 45-49 and 55-59 age groups was statistically significant
at the .05 level (Table 6).

Figure 4 presents cumulative risk comparison for the 1975-1979 period.
For both white males and white females the major Industrial/Non-industrial
difference in the risk is established by age 60. By age 75, the cumulative
risk of acquiring lung cancer for white males in the Industrial area is
10.6% versus 7.6% for males in the Non-industrial area, equating to an
excess risk in the Industrial area of approximately 40%. Comparable risk
figures for white females by age 75 are 4.6% in the Industrial area versus
3.2% in the Non-industrial area equating to an excess risk in the Industrial
area of approximately 44% as shown in Table 7.

CONCLUSIONS

A review of lung cancer incidence data by age, race and sex for various
time periods between 1969 and 1978 shows excess risk in the Industrial area
of Contra Costa County.- Overall the excess is approximately 40% in the time
period, with a maximum difference occurring around 1976, followed by
narrowing differences in 1977 and 1978.
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Figure 4. Contra Costa County incidence analysis. Cumulative risk
of acquiring lung cancer. White population, 1975-1979.
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TABLE 7.

1975-1979

CUMULATIVE RISK OF ACQUIRING LUNG CANCER EXPRESSED AS PERCENT,
AGE 30-75, INDUSTRIAL AND NON-INDUSTRTIAL AREAS, CONTRA COSTA COUNTY,
WHITE MALES AND WHITE FEMALES,

White males

White females

Age Industrial Non-industrial Industrial Non-industrial
area area area area

35 - - .1 -

40 - A .1 -

45 .2 o .2 A

50 .6 .4 .6 .2

55 1.6 T 1.0 .5

60 3.2 1.4 1.8 1.0

65 5.1 3.0 2.8 1.8

70 7.2 4.9 3.6 2.5

75 10.6 7.6 4.6 3.2

Source: Unpublished SEER data, Resource for Cancer Epidemiology Section
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SECTION 3

AIR POLLUTION MONITORING

INTRODUCTION
The air pollution study had a number of goals:

1. To provide data for determining the association, or lack thereof,
of the present cancer incidence rates with air pollution.

2. To determine whether or not mutagenic activity as measured by
the Ames assay could be accounted for by the chemical
characterization of the samples.

3. To develop baseline data on ambient air pollutants for
comparisons with future measurements and for use in future
epidemiological cancer studies.

METHODS

Equipment, Placement and Specimen Collection

A total of 15 hi-volume particulate samplers were strategically sited
at 13 locations in Contra Costa County and two locations in adjacent
counties so as to characterize air quality variations over the entire county
(Figure 5).

Air particulate material was collected on 8" x 10" glass-fiber filters
(EPA Grade Whatman) in standard high-volume samplers which were collected
every sixth day at each of the 15 sampling stations from November, 1978, to
October, 1979. After sample collection, the filters were weighed to
determine the amounts of total suspended particulate material and delivered
to the Air and Industrial Hygiene Laboratory on a weekly basis. There the
filters were logged in, cut and the pieces distributed for further analysis.

Particulate matter was analyzed for total suspended particulate (TSP),
benzene soluble organics (BSO), sulfate (SO4), nitrate (¥0z), lead (PVv),
selected polycyclic aromatic hydrocarbons (PAH), and nutagenic activity.
Because of the constraints of sample size and resources, the measurements of
PAH and mutagenicity could not be done on each sample. Instead, samples
were composited over the three natural meterological seasons of the San
Francisco Bay Area, viz. Winter: November to February, Spring: March to
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June, and Summer: July to October. For each of the 15 stations, composites
were then prepared by combining all the samples collected over the three
four-month periods.

Chemical and Biological Analysis

TSP, NO3, SO4 BSO, Pb

Standard methods were used to analyze for the following five pollu-
tants: TSP was determined gravimetrically (BAAOMD, 1977); NO3 color-
imetrically (AIHL, 1980a); SO, turbidmetrically (AIHL, 1980b); BSO by
Soxhlet extraction (AIHL, 197%); and Pb by wavelength dispersive X-ray
fluorescence (Moore, 1976).

PAH

Specific PAH were separated by high-performance liquid chromatography
(Plessel et al., 1981). Column effluents were quantitated using ultraviolet
absorption and fluorescence. Five PAH were measured: benzo(a)pyrene(BAP),
benzo(ghi)perylene(BGP), benz(a)anthracene(BAA), chrysene(CHR) and
coronene(COR), a possible tracer for vehicle emissions.

Ames Test for Mutagenic Activity

Mutagenicity was measured using the Ames test (Ames, 1975). The Ames
asgsay was applied according to a two-part protocol. Part one involved
screening the sample in the five standard Ames tester strains both with and
without metabolic activation (S9). The data gave a quantitative estimate of
the mutagenic activity, the most sensitive strain, and the optimum
conditions of metabolic activation for a subsequent quantative analysis.

For the initial screening, five tester strains were used. All samples
showed activity in at least one stain and generally the most mutagenic
activity was measured in one specfic strain (T98). In part two of the
assay, all composite samples were then analyzed using that strain and dose
response curves were obtained. A measure of mutagenicity was obtained from
the slope of the curves. A typical dose-response curve is shown in Figure 6.

DATA ANALYSIS
Overview

The results of analysis of air particulate material for five standard
pollutants (TSP, BSO, Pb, SO4, and NO,) are summarized in Table 8. The
median and maximum value for each pollutant are listed for winter, spring
and summer. The median and maximum levels of these pollutants were
generally the highest in the winter, reflecting the occurrence of
meterological inversions. The highest level for benzene-soluble organics
(BSO) measured was 41.3 yug/m>_in Concord in December, 1978, and the
lowest was less than 0.8 pg/m’ at several sites in January and February,
1979. The highest Pb concentration was found in Antioch, also in December,
while the highest TSP concentration was in Brentwood in October.
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Relation Between PAH and Mutagenicity

The correlation coefficient (Spearman) between mutagenicity values for
each of the monitoring stations and the concentrations of the five PAH
measured (BAP, BAA, CHR, BGP, and COR) were 0.33, 0.41, 0.36, 0.31, and
0.51, respectively, indicating that chemical quantitation of the PAH was not
a good measure of the mutagenicity of the air. This is consistent with the
observation that BAP, BAA, BGP, CHR, and COR represent only about 2% of the
total mutagenic activity of the air. This was demonstrated by comparing the
mutagenicity of the five PAH in amounts proportional to their average levels
measured in the ambient winter air composites with the average mutagenicity
measured in the actual ambient air samples suggesting a2 poor association
between the ambient air chemical and biological measurements. This
indicated that a more chemical characterization of ambient air is needed in
order to account for the mutagencity as measured by the Ames test.

Geographic Distribution of Air Pollution

In order to correlate cancer incidence data to air pollution
measurements, information about the variations in levels of air pollution by
census tract was needed. Contour maps showing the geographic distribution
of the levels of the seven measured pollutants were constructed using a
computer program called SYMAP (Harvard University Laboratory for Computer
Graphics and Spatial Analysis, 1975). Sampling station coordinates and
associated pollutant levels were used to construct a matrix containing the
pollution levels throughout the county. Contours were then constructed from
the matrix values (Figures 7,8).

Values of the pollutants from each of the 15 sampling stations obtained
were used to compute estimated values for each of the population centroids
for each of the 115 census tracts in the county. The Pearson product moment
correlation coefficients between pollutants were computed for the 113 cenus
tracts (two atypical tracts, a naval base and a retirement community, were
removed). The correlation coefficients between pollutants for the 113
census tracts show very similar relationships to those based on the 15
monitoring stations. While the correlation between Pb and BSO for the 15
monitoring stations was 0.78, the value for the 113 census tracts was 0.70
(Table 9). Likewise, the correlation between BSO and BAA (one of the five
PAH) for the 15 monitoring stations was 0.87, the value for the 113 census
tracts was 0.89. For the fifteen stations, the correlation between BSO
and the two mutagenicity tests (with and without S9) were 0.28 and 0.24
while the correlations based on the 113 census tracts were 0.32 and 0.28,
respectively. Thus, it was felt that the real relationships between various
air pollution constituents, as evidenced from the correlation coefficients
with the data from the 15 stations, were preserved by the computer mapping
technique so that the computed values of the 113 census tracts could be used
with confidence in subsequent analyses using cancer data.

Figures 7-8 show contour maps for Pb, S0,, BSO, the five PAH and
mutagenicity. The geographic distributions for Pb and BSO are similar in
showing that the highest levels are found in a north-south band located in
central Costa Costa County, a region corresponding to the Diablo Valley, a
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Figure 7. Contour map of indicated pollutants, Contra Costa County,
November 1978-February, 1979
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TABLE 9. PEARSOY CORRELATION COEFFICIENTS FOR THE MEAN ANFUAL MEASURED
YALUES FOR 15 MONITORING STATIONS AND FOR COMPUTED VALUES FOR 113 CENSUS
TRACT CENTROIDS, CONTRA COSTA COUNTY, MOVEMBER 1978 - QCTOBER 1973

Comparison 15 Stations 113 Census tracts
BSO vs Pb .78 .70
B3O vs Mut (-89) .24 .28
BSO vs Mut (+359) .28 .39
BSC vs BAA 87 .29
BSO wvs BAP .80 .B4
BSG vs EGP LG4 .71
B30 s CHR 83 a4
BSO vs 50, .18 7
TSP v8 N0y .64 75




natural pollution sink and the path of a freeway. The Pb map is consistent
with the fact that the largest source of Pb in the area is the automobile.
Comparison of the BSO and Pb maps suggests the contribution of the
automobile to the BSO levels may be significant. The SO, distribution
differs from the Pb distribution by running in an east-west direction along
the industrial belt. This is consistent with the fact that sulphur dioxide
gas (S0,), the precursor of SO,, is emitted by stationary sources,
primari%y chemical industries, refineries and power plants, all located
along the industrial belt. The patterns of the five PAH are similar to one
another and to lead.

Sources of PAH and Mutagenicity

Table 10 gives the correlation coefficients among the pollutants
measured. Values are high between Pb, BSO, and the five PAH, implicating
vehicles as the source of these pollutants. However, the correlation
coefficients between mutagenicity and Pb, BSO, and the five PAH are small
suggesting that mutagenicity concentrations may come from multiple sources.

Information can be obtained on sources by the use of simple ratio
techniques. The ratio, for example, between BAP and BGP for a number of
combustion sources have been established. Automobiles tend to have the
lowest ratio, 0.3 to 0.4 while other sources tend to be equal or greater
than 1. The ratio found in winter in Contra Costa County ranged from 0.08
to 0.25, consistent with the automobile being a major contributor of BAP.
The high correlation between Pb and PAH, the similarity of Pb and PAH
contour maps, and the value of the ratio all point to the automobile as a
major contributor to PAH.

CONCLUSIONS

The Ames test can be carried out with enough precision to make it a
useful tool for determining trends, geographic distributions, or temporal
variations of the mutagenic potential of ambient air particulate matter.

It is advantageous to use both the Ames test and chemical character-
ization together in attempting to predict the potential carcinogenic effects
of ambient air particulate matter.

In order to account for the mutagenicity as measured by the Ames test,
a more complete chemical characterization of ambient air particulate matter
will be needed.

In Contra Costa County, mobile sources are significant contributors to

PAH; however, more research is needed to define the major sources of
particulate mutagens.
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TABLE 10. SPEARMAN RANK CORRELATION COEFFICIENTS BETWEEN MEASURED POLLUTANTS
FOR CONTRA COSTA COUNTY, NOVEMBER, 1978 - FEBRUARY, 1979
Pb B3SO BAP BAA CHR BGP COR +39 -39 TSP SO4 NO3
Pb 1.00
BSO .87 1.00
BAP .84 .92 1.00
BAA .84 .94 .90 1.00
CHR .82 .96 .92 .94 1.00
BGP .88 .87 .93 .92 .88 1.00
COR .87 .82 .88 .82 .80 <91 +.00
+59 44 .51 .33 41 .36 31 .51 1.00
-59 46 .59 .39 .44 47 « 34 .42 .88 1.00
TSP 33 .58 .39 .65 .59 .48 .35 .45 .48 +.00
SO4 <39 .26 <31 .20 31 .37 N 27 .25 07 1.00
N03 - W14 .20 -.04 .23 .21 A2 .06 +39 42 .71 .38 1.00




SECTION 4

CORRELATION ANALYSIS

INTRODUCTION

A correlation analysis between cancer incidence rates with air
pollution constituents and census tract characteristics was conducted to
establish any relationships which might suggest a cause of the excess of
lung cancer found in the Industrial area residents and to formulate
hypotheses which could be tested through the case-control study.

METHODS

Case Selection, Population Estimates and Socio-economic Variables

The following information was available for the correlation analysis:
1. Estimates of air pollution data.

2. Refined population estimates by age, race and sex.
3, Number of lung/bronchus cancer cases by age, race and sex.

4. Demographic information (i.e. socio-economic variables) obtained
from the 1970 U.S. census and the 1975 Contra Costa County census.

5. Ten and five-year average annual age-adjusted lung cancer incidence
rates, by sex and race based on (2) and (3) above.

Correlation Methods

Pearson product moment correlation coefficients were computed for
comparisons between estimated annual values for each air pollutant
constituent for each census tract and the 5- and 10-year average annual age-
adjusted incidence rates for cancer of the lung for males and females
for each census tract. Certain census tract-specific socio-economic
variables from the 1970 United States census and 1975 Contra Costa County
census were also correlated with cancer incidence and air pollutants.
Partial correlations were computed to control for these attributes.
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TABLE 11. CORRELATION OF THE CENSUS TRACT SPECIFIC, FIVE-YEAR AVERAGE
ANNUAL AGE-ADJUSTED LUNG CANCER INCIDENCE RATES IN CONTRA COSTA COUNTY FOR
WHITE MALES AND WHITE FEMALES*, 1970-74 AND 1975-79

White males White males White females White females

1970-74 1975-79 1970-74 1975-79

White males

1970-74 1.00 - - -
White males

197579 A7 1.00 - -
White femzles

1970~74 - .02 .14 1.00 -
White females

1975-79 .23 .54 (p<0.01) .05 1.00

*Correlation of the 10-year rates for white males vs
white females = .50 (p<0.0001) (N = 113 census tracts)

DATA ANALYSIS

Since the correlation of census tract-specific average annual lung
cancer rates for the 5-year periods, 1970-1974 and 1975-1979, for white
males and white females differed significantly from zero for only two out of
the six possible correlations, only ten-year rates were used {(Table 11). No
statistically significant differences were demonstrated for the black
population owing possibly to the sparse geographical distribution of the
black population mentioned in the incidence analysis. The correlation
between the ten-year census tract-specific lung cancer incidence rates for
white males and females was 0.33 {p<.000!) for all tracts and 0.50 (p<.0001)
with the two atypical tracts removed (a naval base and a retirement
community).

The ten-year census tract-gpecific lung cancer incidence rates were
significantly correlated with only one measure of particulate air pollution,
that of 50, (Table 12). The correlation coefficient for white males was
0.46 (p<.0601) and for white females the correlation coefficient was 0.16,
not significant. Controlling for the percent of households in the census
tract in which the head of the household had resided in the unit for 20 plus
years, as determined in the 1975 Contra Costa Census, did not effect the
correlation. Controlling for the percent of census tract residents of
Spanish origin reduced the correlaiion slightly for males (Table 13).
Controlling for the percent of blue collar workers significantly reduced the
correlation between SO4 and lung cancer for males. This reduction was

29



TABLE 12. CORRELATION OF THE TEN-YEAR (1970-79) AVERAGE ANNUAL AGE-ADJUSTED
LUNG CANCER INCIDENCE RATE TO PARTICULATE AIR POLLUTION CONSTITUENTS* BY
INDIVIDUAL CENSUS TRACT**, CONTRA COSTA COUNTY, CALIFORNIA

Air pollution vs Average annual incidence rate (per 105)
constituent White males White females
Mutagenicity (-S9) -.01 -.07
Mutagenicity (+S9) .05 -.01
BS0 .11 -.09
BAA -.05 -.18
BAP -.09 -.18
BGP -.13 ~-.16
CHR -.03 -.14
TSP .20 (P<0.05) -.07
Py .11 .06
NO< -.09 ~.24 (P<0.05)
S04 .46 (P<0.0001) .16

*Mean annual value, November 1978 - October 1979

*#*113 tracts

30



TABLE 13. CORRELATION BETWEEN SULFATES AND THE 1970-79 TEN-YEAR AVERAGE
ANNUAL LUNG CANCER INCIDENCE RATES, BY INDIVIDUAL CENSUS TRACT*, CONTRA
COSTA COUNTY, CONTROLLING FOR SEVERAL CENSUS TRACT CHARACTERISTICS**

Controlling for: SO4 vs SO4 vs
White males White females
1. Nothing .46 (p<.0001) .16
2. Head of household resident of
census tract for 20+ Years .46 (p<.0001) .13
3., Percent Spanish origin .42 (p<0.001) .19 (p<0.05)
4. Percent blue-collar workers**# .21 (p<0.05) .02
a) Percent unskilled laborer*¥* .29 (p<0.01) .04
b) Percent skilled Laborer*** .29 (p<0.01) .09
5. Percent of households below poverty level .30 (p<0.001) .07
6. Median family income .21 (p<0.05) -.03
7. Median school completed by head of
household A7 -.06

*113 census tracts

**Data from 1975 Contra Costa County special census

**4#Data from 1970 U.S. census
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from independent effects of both the skilled and unskilled laborer
components of blue collar workers. Controlling for the percent of
households below the poverty level reduced the SO4 lung cancer correlation
only moderately. Controlling for education or income variables reduced or
destroyed the correlations for males (Table 13).

CONCLUSIONS

Several conclusions can be drawn from the correlation analysis in
association with the data from the incidence analysis and air monitoring
portion of the study.

It is apparent that an excess of lung cancer exists in the Industrial
area of the county. This excess has developed over the past decade.

Mutagenic activity, as measured by the Ames test, is identifiable in
the particulate matter in ambient air in Contra Costa County and is best
associated with the distribution of BSO and Pb, suggesting mostly automobile
sources.

The ten-year occurrence of lung cancer in white males is only weakly
but significantly associated with the distribution of S0, particulate
matter in the ambient air. This association is reduced equally by
controlling for the percent of skilled, or unskilled, laborers in each
census tract. Controlling for both factors combined nearly destroys the
observed association.

The source of SO, in the air is known to be almost exclusively from
0il refining, chemical manufacture or 0il combustion for electrical power
generation. The association of lung cancer in males with this factor might
suggest a carcinogenic effect from past petrochemical emissions were it not
for three factors:

1. The current mutagenic activity in the particulates is distributed
differently.

2. The association does not occur in females.

3. The association appears to be mediated through a residential
pattern of blue collar workers which correlates well with the
distribution of 30, (0.67; p<0001). Although these data
permit no conclusions regarding the causes of lung cancer in the
county, they suggest that a significant contribution to
incidence by blue collar workers residing in areas of close
proximity to petrochemical plants.
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SECTION 5

OCCUPATIONAL MONITORING

INTRODUCTION

The objective of this project was to determine the identification
of occupational cohorts at increased risks of cancer.

METHODS

A data base was available from an occupational surveillance systen,
based on files from the RCE first prepared in 1976, consisting of membership
rosters of various unions in the San Francisco~Qakland SMSA. A cohort,
composed of approximately 6,400 union members who were residents of the San
Francisco-0akland SMSA, was selected from these data. Six occupational
groups were represented; asbestos workers, bakers, painters, plasterers,
plumbers and roofers.

The basic methodoleogical approach used in this study consisted of
computer matching the cohort of occupational workers to the master file of
cancer cases maintained by the California Tumor Registry (CTR). The
obgerved cases for each cohort and primary site were then compared to
expected cancer cases which were calculated using age-sex-year specific
incidence rates for the SMSA. Standardized Incidence Ratios (SIR's) were
also estimated.

DATA ANALYSIS

Increased cancer incidence was demonstrated among asbestos workers, an
occupation widely recognized as having high risk for respiratory and
gastrointestinal cancers.

CONCLUSIONS

This part of the study was not continued due to the lack of cooperation
of additional sources of cohorts, i.e., employees and unions. Since this
effort was consuming an inordinate amount of project resources it was
discontinued. ’
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SECTION 6

CASE CONTROL STUDY

INTRODUCTION

The Relationship of Lung Cancer Incidence in Contra Costa County to Air
Pollution

The over-all goal of this part of the study was to identify specific
environmental factors responsible for lung cancer in Contra Costa County.

The particular objectives were twofold: first, to identify any
gignificant environmental factors which contribute to lung cancer
incidence in that county and second, to specifically evaluate whether air
pollutants, released into the ambient air, have had any effect on the
observed incidence of lung cancer in the community.

Preceding components to this project generated findings to be addressed
by this component. The incidence analysis established that when the county
was divided into two parts, the Industrial area of the county had an excess
of lung cancer as compared to the remaining Non-industrial area. Further-
more, this excess had increased significantly during the decade of the
1970's to a peak in 1976, after which a decline in the excess was apparent.
Through a census tract specific analysis it was further demonstrated that,
although an incidence rate excess of approximately 40% was found in the
Industrial area of the county, considerable variability existed in both
areas, so that significantly high and significantly low rates of lung
cancer were found in census tracts in both areas. Thus the Industrial area
was a mixture of census tracts of high, medium, and low rates, the average
of which exceeded the overall rate of census tracts comprising the Non-
industrial area.

Through a correlation analysis of 1970-79 lung cancer rates by census
tract and various air pollution constituents only one statistically
significant relationship was found to exist. That relationship was between
ambient air SO, and lung cancer in males, but not in females. However,
the percent of the population categorized as blue collar workers was also
associated with lung cancer in males and the previous association between
lung cancer in males and ambient air SO, levels was considerably reduced
when this third factor was taken into consideration.
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The results of *he indirect studies such as the correlation aralysis
summarized above, led to the case-control study of individuals described
helow.

Literature Review

Respiratory cancer restes vary wiih geographic lecaticn but are still
incressing ocver time {Doll,1981). TFor the period 1373-1977 the age-adjusted
incidence rate in U.S. males was 72.3/100,000 for cancer of the lung and
bronchus. In females, the corresponding rate was 22.2/100,000.

In the San Francisco Bay area, the age-adjusted ircidence rates for
lung cancer during this period were higher; 83.2/100,000 in males and
£9.8/100,000 in females {Young,1981).

Overall survivel rates for lung cancer are so poor that incidence and
mortality rates are often used interchangeably. In the United States and
most other developed countries cancer of the lung presently is responsible
for almost 40 percent of male cancer mortality (del Regato,1977). Yet in
1923, the Massachusetts age-adjusted mortality rate/100,000 was 1.55 for
males and 1.50 for females (Lombard,1968). The increase, which has taken
place z2girly during the Zast forty years, has been related to cigarstte
smoking {Hammond,1975).

U.S. men began srcking cigarettes in eppreciakle nmombers at the turn of
the certury. Thz habit became zore widespread after Woerld War I, ard
reackeé & peal of 55 percent in 1537 (Feamis,1975;Burbenk,1972}. It egan
to decline in 1957 <o sbout 42 percent in 1970 and 39 percent in 1975
(National Clearinghouse,1975). For women, the rise began during World War
II, reaching a high of 39 percent in 1961, then falling to 30 percent by
1970 and 29 percent in 1975 (Beamis,1975). In pmale heavy smokers the risk
for lunz cancer has been established at about ten times that for non-smckers
(Hammond,?Q?S). Third Natiopnal Cancer Survey interview data indicate that
for women whe smoke heavily, the risk may be as high as gixteen times that
for non-smokers. C{igar and pipe smokers have an approximately twofold risk
of developing lung cancer (Williams,1977).

Burbank (1972), using an estimated latert period of thirty years
between first exposure fto smoking and tumor development, has fitted both
male and female lung cancer mortality rates from 1950-1968 onto a tobacco
dose response curve based on estimates of past cigarette consumption.

There has alsc been consideralble speculation on the extent to which
generzl air pellution combributes to lung cancer mcrizlity in urben areas.
Clemmesen [1977) has suggestad tha: it may have a ron-specific effect on the
hronchial mucecsa %o make it nore susceptidla ta carcinogens zuck 28 tobaczcso
sacke. Many polyaromatic aydrscarbons (PAH) are krown to be carcinogenic
and the most commonly used indicator for 2AH is henzo(a}pyrene concentration
(Pike, 1975) a known carcinogen directly measured in the present project.

More recently, Vena {1982) reported a study of the effects of air
pollution in Erie County, Pennsyivania, using total suspended particulates
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as a measure. He found evidence suggesting a relationship between air
pollution and smoking and possibly between air pollution, occupation and
smoking, for 50 or more years of exposure to air pollution.

Evidence on other pollution components is scanty. Higgins (1977) found
a correlation between sulfates and lung cancer in fifty SMSA's. Blot and
Fraumeni (1975), also in a correlative study, found excess lung cancer in
counties that had arsenical air pollution from non-ferrous metal smelters
and refineries.

METHODS

Case-Control Study Design

Case-control studies are a standard tool of epidemiological research.
Simply put, a grouo of persons having a disease (cases in this study, lung
cancer) is compared with a group of persons not having the disease
(controls). In matched case-control studies, the controls are carefully
selected so that they are similar to cases in important background
variables. In this study, cases were matched to controls of the same race
and sex, and similar age. The study populations of cases and controls are
interviewed to obtain detailed information on study variables pertaining to
each participant. The data are then subjected to statistical analyses to
detect significant differences in known or suspected risk factors for
contracting the disease. The outcome of these analyses is the product of
the study. The report typically identifies risk factors which predict the
probability of any individual in the study being a case. When these risk
factors fulfill the criteria for causal factors their relative importance as
a cause of the disease under study can be directly determined.

Questionnaire Design

The questionnaire was developed to conform to standard survey research
practice. The questions were designed to be read verbatim and were
extensively pretested to eliminate any ambiguities. Question order, probes,
and skip patterns were organized so that the same instrument would be
administered to each respondent. Care was taken to format the questionnaire
for ease of administration, in the interest of both accuracy and of the time
required to record the answers. The questionnaire was pilot-tested on a
small sample of respiratory cancer patients and healthy residents of Alameda
and Contra Costa counties who were not included in the study.

A manual of detailed interviewer instructions was prepared. This
included question-by-question specifications for the questionnaire.

To ensure the accuracy of the data collection and to minimize refusals
by cases and controls, we employed interviewers, trained in survey research
interviewing techniques, for adminisitration of the questionnaire and
selection of controls. An interviewer training session for the study was
held before the start of the fisld work and at intervals during the study
period. This included mock interviewing during the briefing and practice
interviews in the field. These were reviewed by the field work supervisor
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and, wiaere indicated, farthszr fraizing was ccrducted.

Questionnaires were edited and reviewed by the supérvisor before deing
coded apd sent far key data entry.

Case/Proxy 3Selesciion

#11 cases af cancer of the Yracnszz, bromchus or Zuorg ameag black or
white res:den*s of Contra Costa County, nevwly diagnosed between Hay 2, 1980
and July 31, 1981, and who were ab% least 35 years of age snd leas than 75
years of age 2% disgnosis, coamprised a group of 332 eligible cases.

Some eligible lung cancer patiepts were too i1l %o participate in the
gtud¥ gr, in cther instances, had succumbed to their disease before an
interview could be conducted. Whenmever possible, a proxy for the case was
identified for interviewing. Mosi proxies were ths spouse or other
immediate family amember of the case but in a few instances the proxy was a
clage frieud of the case,

Caatrol Selec tiom

To mest a -atching reguirement of at least cne control per case, the
required number of controls in each of 32 age, yvace, and sex strata was
computed btasgd on the percent distributioo of the cases. The control
population was therefore a representative sample of that non-cancer
population ¢f Contra Coata County with an age, race, &né sex distribution
gauivelent %o the Zugg cancer cases. To assure sn adequate number aof
controls, each atratum was slightly overfilled to pllouw for possible
sebsequent deletions necessitated by inmsufficiept reapondent-supplied
detail.

A target mumber af 350 controls for the casess was selacted. Decause so
mepy variables were under consideration, each with a different prevalence in
the study population, it is not possible to present a single “beta error” or
& minimum required sample size. 7Tor most variables, a sample of 250 cases
and 350 controls is adequate to detect relative riska of <wo or greater, at
a significance level of = 0.05% and a probdability of detection of 80% or
greater {Qliphant, 1381}.

Hapdom Digit Dialing

Controls were sslected from the general pepulatiocn of Contra Costa
Coun<y by a random digit 4ialing (R2D; technique. Brisfly, this technique
required obtaining from the telepnons company the telephens grefixes in use
in “he &res 1% bz =appled. To sslecs & numbsr o bte dialad, s telephone
prefix was first selected by a random process from among *he prefixes
gerving tre sampliag arza. Then by a second random process the suffix wes
chosen {rac among all possible suffizes to the selscted prefix. Chis
numayzr, @hich may havs been & busineas zuzber, an umassigned number ar even
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an unlisted number as well as a listed residential number was called to
select an individual feor the study. Business numbers were not eligible for
selecting contrecls. For non-answered calls to working numbers, repeat calls
were made on a specified schedule which assured at least six calls; two on
weekday mornings, two on weekday evenings and two on weekends, until either
an answer was received or gix calls were placed. TFor calls made to a
regidence, a census of all household members was taken and from among the
eligible members (if any) one person was selected, also by a random process,
and invited to participate in the study.

The possibility of bias by the RDD technique exists if different
proportions of controls had multiple phones or had no phones through which
they could be reached. Because all cases had telephones it was permissable
to limit control selection to those who could also be reached by phone. A
small proportion, approximately the same among cases and controls, had two
or more telephones in their household.

Other sources of bias, not peculiar tc this control selection technique
but which are hazards to the general process of control selection in case-
control studies, include a "response" bias. This bias can occur in several
ways. It is possible that proportionally more (or fewer) cases than
controls agree to participate in the study and that those who refuse to
participate differ from the participants in some way that is related to one
or more variables under study. In this study, another source of response
bias was possible. This was the possidility of different response rates in
different areas. In fact this was the case and will be discussed in a later
section.

DATA REVIEV

Final Case-Control Counts

After key data entry, the process of editing the file began. Each
variable was checked for completeness and interfield comparisons for
consistancy and accuracy were performed. A4t the beginning of this process
there were a total of 268 cases and proxies and a fotal of 410 controls.
Twenty-six respondents were found to have incomplete data fields and were
deleted. Fourteen of the 19 cases deleted due to incomplete data were
proxies. In addition, 7 controls were deleted due to incomplete data.

There were a few age, race and sex combinations in which no cases
occurred during the study period, even though one or two were anticipated.
Controls collected for those particular combinations were dropped.
Altogether, thirty controls were dropped for a lack of corresponding cases.
At the end of the editing and matching processes 19 cases and 37 controls
had bveen deleted leaving 249 cases and 373 controls for znalysis. Through
interviewing either proband or proxy cases, 75% of the eligibles were
available for analysis. These results are summarized in Tavle i4.
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TABLE 14. DISPOSITION OF THE 332 CASES ELIGIRLE FOR INTERVIEVW
AND ANALYSIS IN THE CONTRA COSTA COUNTY
LUNG CANCER CASE-CONTROL STUDY

Probands Proxies

Eligibles 238 94
Refused participation 12

Dead, no proxy available 1

Tll 5

Moved 11

Other 25

Incomplete questionnaire 5 14
Total deletions 69 14
Interviewed and analyzed 169 80

Generated Variables

Additional variables were generated from information collected in
the questionnaire or in combination with other data concerning air
pollution, residential water supply, or county population estimates.

Air Pollution

The measure of the respondent's exposure to air pollution was
expressed as an estimated cumulative dose in Contra Costa County for each
pollutant. In the air monitoring component of this study, census tracts
in Contra Costa County were assigned air pollutant values based upon
measurements taken at various monitoring stations throughout the county
and constructed by interpolation of air pollution station measurements.
Air pollutant values for each census tract were those values at each
census tract population centroid. A total air pollutant dose for each
study participant was calculated from the length of residence in each
census tract. Thus, an air pollutant dose is the sum of the products of
the duration of residence in each census tract times the corresponding
air pollutant values for each census tract. Because the purvose of this
analysis was to evaluate the effect of air pollution in Contra Costa
County on lung cancer incidence, residence time outside the county was
not given any value. This approach does not create any bias although

recent immigrants to the county contribute little information to the
analysis.
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Smoking

The respondents' smoking experience was characterized by several
parameters; total smoking duration, total pack years and average packs
smoked per day. The respondents' smoking history was recorded by separate
smoking periods. Each period was defined by the number of cigarettes (later
converted to packs) smoked per day and the number of years of smoking at
that level. Thus, total smoking duration is the sum of the durations for
each smoking period. Pack years is the sum of the products of the number of
packs smoked per day and the duration for each period. Average packs smoked
per day is pack years divided by total smoking duration.

Occupation

The analysis for occupational exposure associations was based on the
classification of occupation and industry titles in the 1980 Alphabetical
Index of Industries and Occupations (IIO), (Bureau of Census, 1980). For
each work experience, an occupation and industry code was assigned.

The employment groups considered to be at risk of possible exposure to
hazardous substances in the analysis were derived from the occupations
listed under the IIO classifications of precision production, craft and
repair occupations, operators, fabricators, and laborers. Four major
industrial groups: petrochemical, metal, construction and all "other"
remaining industries were also created.

"Construction"” is a single industrial classification. "Petrochemical"
industries include the manufacturs of chemicals and allied products,
petroleum and coal products, and rubber and miscellaneous plastics
products. "Metal" industries include metal mining, primary metal industries
such as blast furnaces and foundries, metal product manufacturing, and
machinery manufacturing including electrical and transportation equipment.

The remaining group of industries, "Other", includes agriculture; the
manufacturing categories of food and tobacco, textiles, paper and printing,
leather, lumber and furniture, stone products, and professional equipment;
the transportation, communication and public utilities industries; wholesale
and retail trade; repair and personal services; and professional and public
administration.

Over the entire employment nistory, if the worker fell into an
indicated employment group and industry group, the duration of time worked
in the industrial group was calculated and accumulated.

An asbestos exposure variable was created from various occupational
categories. 411 shipyard occupations rlus 211 other jobs for which astestcs
exposures wWere reported by the respondent were combined to form a total
duration of asbestos exposure per resvondent. Thais variable is not mutually
exclusive of other occupational categories. No attempt was made to quantify
individual asbestos exposures other than as job duration.
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Water Source

The distribution of the water sources in Contra Costa County were
available from the Sanitary Engineering Branch of the Health Services
Department. The three main water sources for Contra Costa County are
Mokelumne River, San Pablo Reservoir, and Sacramento River Delta water
systems. The census tract population centroid and the distribution of the
water sources were used to assign a water source to every census tract. 1In
turn, each participant was assigned a water source based on the census tract
of residency at the time of interview or, for cases, diagnosis.

Toxic Waste Dumps

Certain of the census tracts in Contra Costa County contain known dumps
of toxic or chemical waste. These census tracts were combined to form a
toxic waste dump area for comparison to all other tracts.

Sample Adjustment Factor

In addition to matching the controls to the percent distribution of
cases, they were also selected to represent the geographic distribution of
the non-cancer population. To evaluate possible response variation, the
number of controls expected from each census tract was computed and compared
to the number actually obtained. It was found that one area of the county
was overrepresented among controls and a separate small area of the county
was underrepresented. Therefore the responses of the controls from those
two areas were appropriately weighted in analyses to eliminate any effect
of the response bias.

To assess the results of randem sampling for controls within age, race,
sex categories, the observed results were compared with expected numbers
computed as follows.

© For each age group (under 50, 50 and over), race (white, black), sex
(male, female) category (k), the expected number of controls for a census
tract was computed as the proportion of the population of category k

residing in census tract "x" times the total number of sampled controls
observed in the study for category k. Mathematically this can be expressed

- Txk

Py

Exk Ck

where, Exk = expected number of controls for tract x, category k.

Py = estimated population of tract x, category k.
TPk = total population in the county of category k.
Cy = total number of sampled controls of category k.
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Summing across all (k) categories for a given tract yielded the total number
of controls E, expected for tract (x).

8
By = L B
k=1
where, E_ = total number of expected controls for tract (x).

X

An over- or under-response rate of observed controls in the tract was
said to exist if the statistical quantity, chi-square,

2
0-E
X2 = —i———l exceeded 3.5.

w

past]

The result of this comparison showed an over-response rate in 13 census
tracts of the Richmond-San Pablo area of the county. The ratio of observed
to expected in these tracts was as much as 9 times greater than expected.

An under-response rate, as low as one-tenth of expected was found to have
occurred in two census tracts in Concord, one in Antioch, one in the
Brentwood area, and one in Pinole (see Figure 6).

An adjustment factor variable, the observed divided by expected, was
therefore assigned for each control meeting the above criteria. This factor
was incorporated in all statistical analyses to adjust for the variable
response rate.

Alcohol Intake

Alcohol consumption was estimated on the basis that the amount of
alcohol in an average glass of wine, a can of beer and a jigger of spirits
or liquor is approximately the same. The number of each of these drinks
consumed per week was added to form a total number of servings per week,
treated as a continuous variable.

Matching Within Age, Race, and Sex Strata

For the purpose of subsequent statistical analysis, i.e., multiple
logistics regression with matched case-control data, it was necessary to
stratify the case-control population such that each case was matched to
controls with identical race, identical sex, and approximately equal age. A
variable matching ratio was used.
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TABLE 15. RESULTS OF MATCHING CONTROLS TO CASES
BY SEX AND MATCHING RATIO

The number of (249) cases matched to the indicated
number of (373) controls

Matching ratio

Sex 1 2 3 4 5 Total
Male 80 58 4 1 1 144
Female 65 29 11 o} 0 105
Total 145 87 15 1 1 249

Within a particular age, race, sex stratum an algorithm for matching
cases to controls by age was developed. Within a stratum cases and controls
were separately ranked from low to high by ascending age. The number of
controls assigned to a case was given by the following formula:

No. of controls for case (i) = INTEGER(.5+ CR; * IR) -
INTEGER(.5+ CR;_, * MR)

where, CR. case rank number,

i
MR = matching ratio = (No. of controls in cell)/
(No. of cases in cell)
INTEGER = use the number to the left of the decimal

result of the computation within parentheses.
For the first case, CR;_; = O.
The algorithm produced a variable matching ratio in which a case may

have one or more matched controls. The results of this process are
summarized in Table 15.
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DATA ANALYSIS

The Method of Multiple Logistics

Multivariate risk analysis is motivated by the need for methods that
assess the direct predictive strength associated with each member of a
cluster of interrelated risk factors. With univariate analysis, each
neasure is examined separately for its relation to disease incidence.
However, only multivariate risk analysis provides a method for determining
whether (1) both measures have direct predictability for disease, or (2) one
appears as a predictor in the univariate sense wholly or in part because of
its association with the other.

The essence of multiple risk analysis is to examine changes of risk
with varying levels of one factor at various fixed levels of the remaining
factors. When many risk factors are being considered, a traditional method
for multiple risk analysis based on cross-tabulation is not feasible.
Brratic results occur because too few cases of disease must be distributed
over too many risk subgroups. Instead, multiple risk analysis can be
approached with use of risk models.

The multiple logistic risk model is the most widely used. It is
constructed so that risk of disease is automatically restricted to the
appropriate range, O to t. In this model risk, R, is represented by the
equation

R =17 - e-(Bo + ByXy oo+ BXy)

where Bo' B1, "'Bk are the k + 1 logistic coefficients. These are
estimated from data which measure levels for k risk factors
(X1,X2,...,Xk) for each subject.

The rather formidable logistic model can be simplified somewhat by
linearizing it to give 1n R/(1 - R) = By + B;X; + BoXy...*B X
The quantity, 1n R/(1 - R), is called the "logit" of risk and is the
mathematical transformation of risk from which this model derives its name.
By thinking in terms of logit of risk, which ranges from minus infinity to
plus infinity as risk ranges from O to 1, it is possible to interpret the
logistic coefficients, 31,82,...,Bk. They measure the change in logit
of risk per unit change in the respective risk factors.

Descriptive Statistics

Tables 16 and 17 present the mean and standard error for a number of
variables used in the analysis. Data are given by sex and case-control
status.
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TABLE 16. DESCRIPTIVE STATISTICS FOR MALES. MEANS AND STANDARD
DEVIATIONS FOR CASES (N=144) AND CONTROLS (N=217)

Cases Controls
Standard Standard

Variable Name Mean deviation Mean deviation
Air pollutants
Total suspended

particulate* 1424.30 942.55 1275.88 803.58
Lead* 11.49 7.58 10.80 6.20
Sulfate®* 176.01 114.33 160.65 99.76
Nitrate* 146.42 94.49 136.24 77.46
Benzene soluble

organics* 95.72 63.59 88.75 50.85
Mutagenici ty*¥* 122.96 77 .95 119.83 75.27
Mutagenicity with SQ** 149.63 94.47 146.03 89.18
Benzo(a)Pyrene*** 3.78 3.64 3.53 2.56
Benz(a)Anthracene**#* 2.57 2.78 2.29 1.81
Chrysene*** 3.12 3.12 2.80 2.00
Benzo(ghi)Perylene®*** 22.65 18.00 22.05 14.18
Industry, duration (yrs)
Asbestos related 3.50 7.79 1.91 5.70
Petrochemical 1.57 5.62 1.35 5.60
Construction 2.63 8.10 2.58 6.09
Metal 3.38 8.09 1.88 6.53
Other 12.08 13.78 T7.42 11.57

(continued)
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TABLE 16 (continued)

Cases Controls
Standard Standard

Variable Name Mean deviation Mean deviation
Water source (yes/no)
Mokelurme River 37% 4% 52% 3%
San Pablo 219 3% 13% 2%
Sacramento River Delta 42% 4% 35% 3%
Lifestyle
Smoker (ever/never) 97% 1% 74% 3%
Smoking duration (yrs) 38.10 13.45 24.95 18.58
Smoking (pack yrs) 53.97 35.15 26.19 27.86
Smoking
(Average # packs/day) 1.34 0.70 0.79 0.70
Alcohol (servings/week) 20.95 34.07 10.61 16.21
Diet
Green vegetables

(servings/week) 5.17 2.42 5.59 2.30
Yellow vegetables

(servings/week) 4.28 2.49 4.44 2.46
Demographic
Bducation (yrs) 12.80 6.00 14.00 3.20
Income**** 317,000 38,000 $21,500 38,200

*Yr x pg/md
**Yr x rev/m>

*¥%Yr ¥ ng/mo

**%¥*0gges (N = 113), Controls (N =
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TABLE 17. DESCRIPTIVE STATISTICS FOR FEMALES. MEANS AND STANDARD
DEVIATIONS FOR CASES (N = 105) AND CONTROLS (N = 156)

Cases Controls
Standard Standard

Variable name Mean deviation Mean deviation
Air pollutants
Total suspended

particulate* 1155.34 879.59 1284.54 977.82
Lead* 9.59 7.33 10.96 8.351
Sulfate* 144.85 113.31 167.38 130.39
Nitrate* 120.93 88.92 129.49 94.73
Benzene soluble

organics* 79.86 59.98 86.72 64.06
Mutagenicity** 107.27 79.33 112.41 83.82
Mutagenicity with S9** 130.66 96.33 104.75 104 .81
Benzo(a)Pyrene**# 3.19 3.01 2.89 2.84
Benz(a)Anthracene*** 2.17 2.27 1.85 2.04
Chrysene*¥** 2.52 2.27 2.52 2.63
Benzo(ghi)Perylene** 19.31 15.79 18.87 15.50
Industry, duration (yrs)
Asbestos related 0.32 1.67 0.18 0.59
Petrochemical 0.17 1.3 0.02 0.20
Construction 0.%2 3.30 0.01 0.14
Metal 0.54 3.11 0.32 1.81
Other 1.39 3.81 1.69 5.62

(continued)
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TABLE 17 (continued)

Cases Controls
Standard Standard
Variable name Mean deviation Mean deviation
Water source {yes/no)
Mokelumne River 45% 5% 43% 49
San Pablo 17% 4% 21% 3%
Sacramento River Delta 339 5% 369 4%
Lifestyle
Smoker (ever/never) 86% 3% 58% 4%
Smoking duration (yrs) 33,11 15.91 19.98 19.27
Smoking (pack yrs) 39.30 27.29 14.27 17.52
Smoking
(Average # packs/day) 1.03% 0.66 0.43 0.48
Alcohol (servings/week) 10.93 23.61 5.67 9.20
Diet
Green vegetables
(servings/week) 5.57 2.71 5.97 2.67
Yellow vegetables
(servings/week) 4,22 2.21 4.27 2.62
Demographic
Education (yrs) 12.76 .96 13.92 2.16
Income**** 313,700 $8,700 $14,900 87,900
*Yr x ug/m3
*%Yr y rev/mo
*H¥YP x ng/m3
*#%%0ages (N = 79), Controls (N = 120)

48



Analytic models

Fitting Smoking Variables

Smoking is known to be the single largest cause of lung cancer in the
population. As shown in Table 16 of this report, 97% of male cases fit the
criterion for being a regular smoker as compared to 74% of the controls.

The comparable figures for females (Table 17) are 86% of cases and 58% of
controls. Consequently, it was important to identify the best measurement
representing smoking so that all other variables could be examined, adjusted
for the effect of smoking. The "best" smoking measurement was that smoking
variable or combination of smoking variables which explained the largest
amount of lung cancer.

To account adequately for smoking and its relationship to lung cancer
in this data set, a number of logistic models of lung cancer and smoking
were tested and reviewed.

Available smoking variables were 1) ever or never smoked regularly,
i.e., one or more cigarette per day for 12 months, 2) duration, i.e., total
number of years smoked, 3) average packs per day smoked, and 4) total pack
years, i.e., packs per day times duration smoked. Variables were "fitted"
9ingly and in pairs for males and females as separate analytic groups.
Interaction terms, as well as various transformations (e.g., the square of
the variables) were modeled.

A simple "best fit" model was selected. Two measures, smoking duration
and average packs per day used as independent terms in a single model,
proved to be statistically significant for males. For females, only the
average packs per day proved to be statistically significant, but for the
purpose of parallel presentation, the smoking duration variable was also
retained. Therefore, both measures of smoking (duration and average packs
per day) were used in all subsequent analytical models.

Analysis with Additional Variables

Table 18 presents the odds ratios computed via the multiple logistics
analysis technique for two environmental factors, both with and without
controlling for the effect of smoking. None of the odds ratiocs are
statistically significant.

Table 19 presents the odds ratios for several of the measured air
pollutants in Contra Costa County, controlled for known risk faciors. The
dose values pertain to the total cumulated exposure from residence in the
county. Four examples for males are presented. No value for any pollutant
for either males or females approached statistical significance, with or
without controlling for known risk factors.
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TABLE 18. RISK™ OF LUNG CANCER, BY SEX, ASSOCIATED WITH SELECTED
ENVIRONMENTAL FACTORS IN CONTRA COSTA COUNTY, WITH AND WITHOUT

CONTROLLING FOR SMOKING

Males Females
Factor OR p** OR pr¥*

Industrial area

Not controlled 1.68 0.06 0.71 0.40

Controlled for smoking 1.55 0.17 0.53 0.21
Near waste dumps

Not controlled 1.04 0.94 0.76 0.75

Controlled for smoking 0.97 0.95 0.67 0.67

*Risk expressed as the odds ratio (OR)

**Significance probability

TABLE 19. RISK* OF LUNG CANCER FOR VARIOUS AIR POLLUTANTS, CONTROLLED
FOR SMOKING, DRINKING AND ASBESTOS EXPOSURE, CONTRA COSTA COUNTY MALES

Factor OR p**
50, dose (ug/m> from county residence) 1.002 .155
NO3 dose (ug/m’ from county residence) 1.003 .142
Mutagen dose (rev/m3 from county residence) 1.001 .460
Benzo(a)pyrene (ng/m3 from county residence) 1.032 .505

*Risk expressed as the odds ratio (OR)

*%*3ignificance probability
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TABLE 20. RISK* oF LU¥e CANCRER FCR VARTIOUS QUTUPATIONAL CaTEGCRIES,
COWTROLLED $OR OWOMTHC, DRINRIRS, ASEISTOS EXPOSURT AMT SG# DGRE,
COHTRA COSTA COUNTY MALES

Paz+ors : Op e
Yz2al icfestry {per ras: ¢f employment) 1.016 472
"Ither” industriss {per sear ef erployment) T, 00% JAIT
Construction industry {per year of employment) 1.024 .254
Petrochenical indusiry {per year of employment: Q.53% L7113

*Tigk ermreszed es the sids ratie OB}
*E33gnificance probability

Table 23 presenta the odds ratios for ‘ke broad oscoupational categories
of male bloe collar worker. Wone of the e¢dds ratios approcached statiztiesl
significerce, with or ailthout controlling for kmows risk factors.

Tableg 21 ard 22 presgent the odds ratios Zor each Tactor incluced dia
the ssturated model for males and f{emalss, respectively., This multiple
logiatic armalwsis nsing 13 warisdles did oot srhatantially zlier the 2dds
rabiz for ary factoar froc ket found in si-pler modala.  Foovher, thes
gwscoeel Adal £9:iled o edplala Duck meme of Yas lecg ocenrzer Tisk <ram 34
tre gimpler madels using cnly wariables with eitlier 3 statiakicallr
significant relationship to lumg cancer or g known causal relationanip to
ung cEncer establisked fvom othar studies.



TABLE 21, RISK* OF LUNG CANCER FOR EACH FACTOR IN THE SATURATED MODEL

FOR MULTIPLE LOGISTIC ANALYSIS, CONTRA COSTA COUNTY MALES

Factor Unit OR p**
Smoking duration (per year smoked) 1.039 .0005
Smoking dose (per pack per day) 1.896 .007
Green vegtables (per weekly serving) 0.809 012
Alcoholic drinks (per weekly serving) 1.008 237
Asbestos exposure (per year of exposure) 1.035 .188
S0, dose (total ug/m> from county) 1.001 .547
Petrochemical industry (per year of employment) 0.987 617
Construction industry (per year of employment) 1.025 .293
Metal industry (per year of employment) 1.021 .354
"Other” industries (per year of employment) 1.008 .541
Mokelumne River water (source at interview) 0.620 .280
Sacramento delta water (source at interview) 0.724 .488
Yellow vegetables (per weekly serving) 1.022 .780

*Risk expressed as the odds ratio (OR).

**Jignificance probability
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TABLE 22. RISK* OF LUNG CANCER FOR EACH FACTOR IN THE SATURATED MODEL

FOR MULTIPLE LOGISTIC ANALYSIS, CONTRA COSTA COUNTY FEMALES

Factor Unit OR pi*
Smoking dose (per pack per day) 10.249 .004
Smoking duration (per year smoked) 0.998 .910
Green vegetables (per weekly serving) 1.194 176
Alcoholic drinks (per weekly serving) 0.967 .252
Metal industry (per year of employment) 1.210 244
"Other" industries (per year of employment) 0.928 .357
Yellow vegetables (per weekly serving) 0.897 442
Petrochemical industry (per year of employment) 1.327 477
Sacramento delta water (source at interview) 1.072 .923
Mokelumne River water (source at interview) 0.919 .906
Asbestos exposure (per year of exposure) 1.069 .780
Construction industry (per year of employment) 1.160 <917
504 dose (total ug/m3 from county) 1.001 811

*Risk expressed as the odds ratio (OR).

**3ignificance probability
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TABLE 23. THE RISK* OF LUNG CANCER FOR MALES SMOKING THE AVERAGE DQSE
AND DURATION OF SMOKING MALE CASES (¥=14C) AND FOR FEMALES SMOKING THE
AVERAGE DOSE OF SHOKING FEMALE CASES (N=90)

Males Females
Average years smoked 39.2 28.5
Risk per year 1.04 HgH*
Average packs smoked per day 1.38 1.21
Risk per pack .90 10.25
Total average smoking risk i1.28 15.47

*Risk expressed as the odds ratio

**Yot used in the computation since there was no statistically
significant effect

To assess the approximate contribution to lung cancer risk by smoking,
several methods were employed. The first estimated the effect from the
average daily dose and the average smoking duration among all male cases who
were smokers and for female cases, the average daily dose smoked among
smokers. The results, presented in Table 23, illustrate that the average
effect of the statistically significant smoxing variables on the risk for
lung cancer is similar for both males and females, e.g., 11.28 and 15.47
times that of nonsmokers, respectively.

The second nethod computed the propertion of the "explainable” lung
cancer contributed by smoking, under altiernate conditions {Tables 24 and
25) (Coles, 1980). There are three alternative conditions for accounting
for lung cancer by the variables under study. The first is to require that
only those factors statistically significantly related to lung cancer in the
analysis be considered candidates for a causal relationship. This is the
most conservative condition and, under this condition, the amount of lung
cancer "explained” by %the data, and the analytic model, is only that amount
"explained” by those factors bearing a statistically significant relation-
ship to lung cancer. Under this conservative condition, 29% of all lung
cancer among females and 27% of all lung cancer in males can be accounted
for by this analysis. Of that part which can be accounted for, 100% in
females and 83% in males is contributed by smoking.

The seccond alternative condition ig to allow those factors with
statistically significant relationships to lung cancer plus those factors
that have been shown by other studies to have a causal relationship to lung
cancer (even if in this study the relationship does not reach statistical
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TABLE 24. THE RELATIVE CONTRIBUTION BY EACH RISK FACTOR, UNDER THREE
ASSUMPTIONS*, TO THE EXPLAINABLE PROPORTION OF MALE LUNG CANCER IN
CONTRA COSTA COUNTY, EXPRESSED AS CUMULATIVE PERCENTS

Cumulative percent contributed
by Assumption®

Risk factor 9] 1 2 3
Smoking dose .007 } 8%.3 76.7 70.9
Smoking duration <.0005
Green vegetables 012 100.0 Q2.1 85.1
Alcoholic drinks 237 ~ 95.8 88.5
Asbestos exposure .188 - 100.0 92.3
so* dose .547 - - 93.8
Petrochemical industry H17 ~ - 94 .1
Construction industry 293 - - 95.8
Mokelumne River .280
Sacramento Delta .488
Metal industry .354 - - 100.0
Other industries 541
Yellow vegetables .780 J

Proportion of all lung
cancer explained: .268 .291 .315

*Assumption 1. The most conservative assumption: Lung cancer can be
causally related only to those factors to which it is statistically
significantly related (p<0.05).

Assumption 2. The moderate assumption: Lung cancer may be causally
related to those factors to which it is statistically significantly related
(p<0.05) and also to those factors known from other information to be
causally related.

Assumption 3. The most liberal assumption: Lung cancer may be causally

related to all factors studied, irrespective of the statistical
significance of the relationship.
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TABLE 25. THE RELATIVE CONTRIBUTION BY EACH RISK FACTOR, UNDER THREE
ASSUMPTIONS*, TO THE EXPLAINABLE PROPORTION OF FEMALE LUNG CANCER IN
CONTRA COSTA COUNTY, EXPRESSED AS CUMULATIVE PERCENTS

Cumulative Percent Contributed
by Assumption®

Risk Factor P 1 2 3
Smoking dose .004 100.0} 93.2 81.1
Smoking duration .910 -

Green vegetables 176 - 95.5 83.1
Alcoholic drinks .252 - 99.8 86.9
Asbestos exposure .780 - 100.0 87.0
S04 dose 811 - - 87.0
Petrochemical industry AT77 - - Q0.5
Construction industry 917 - - 91.0
Mokelumne River .906W

Sacramento Delta .923

Metal industry 244 ) - - 100.0
Other industries .357

Yellow vegetables '442J

Proportion of all lung
cancer explained: .294 316 .363

*Assumption 1. The most conservative assumption: Lung cancer can be
causally related only to those factors to which it is statistically
significantly related (p<0.05).

Assumption 2. The moderate assumption: Lung cancer may be causally
related to those factors to which it is statistically significantly related
(p<0.05) and also to those factors known from other information to be
causally related.

Assumption 3. The most liberal assumption: .Lung cancer may be causally

related to all factors studied, irrespective of the statistical gignifi
cance of the relationship.
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significance) to be considered as candidates for causal relationships. This
is a moderate condition and allows the effect of alcohol use and asbestos
exposure to help account for lung cancer, even though in this analysis
neither were found to bear a statistically significant relationship to lung
cancer. Given that asbestos and alcohol consumption are generally accepted
risk factors for lung cancer, the lack of statistical significance may be
due to either a very small contribution by each factor to lung cancer in
this study or that the cases and controls did not differ much in their
asbestos and alcohol exposure. Under this moderate condition, 32% of the
lung cancer among females and 29% of the lung cancer among males can be
"explained". Of the explainable portion, 93% for females and 77% for

males is contributed by smoking.

The third and most liberal condition is to allow all variables to be
considered eligible candidates for accounting for lung cancer, regardless of
the statistical significance of their relationship to lung cancer. Under
this condition a maximum of %6% among females and 32% of the lung cancer
among males is explainable by the saturated analysis model. Of this
explainable amount, smoking contributes 81% among females and 71% among
males.

While this last condition is clearly unacceptable for the purposes of
concluding causal relationships, it has the benefit of demonstrating the
maximum contribution by those variables studied if they were to have a
causal role. For example, even though SO4 exposure does not have a
statistically significant relationship to lung cancer in this analysis, it
is possible to estimate that only about 1.5% of the total explainable male
lung cancer (i.e., less than 1/2% of all male lung cancer) and none of the
female lung cancer could be attributed to SO, exposure if it were a causal
factor. '

DISCUSSION

In any analysis a major goal is to be able to explain as much of the
disease of interest as possible with the information gathered for
analysis by the study. 1In this study several variations on this goal
were also sought. One was to determine whether any lung cancer could be
attributed to constituents of air pollution. The other was to explain
the simultaneous occurrence of three factors in Contra Costa County:
higher incidence of lung cancer in males, higher proportions of blue
collar workers and higher levels of SO, in ambient air. Therefore the
analyses also sought to explain the earlier findings and to reconcile as
many of the facts regarding lung cancer in Contra Costa County as
possible.

It is unrealistic to exvect that a study explain, through its gathered
data, all of the cases of a disease with multiple causation. Reasonable
expectations are that observed differences in the rate of digease betwean
areas or groups be explained and that the information gathered account for a
significant portion of the disease.
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TABLE 26. COMPARISON OF THE RISK* OF LUNG CANCER, BY SEX, FOR AMBIENT AIR
SULFATE EXPOSURE MEASURED AS THE AVERAGE ANNUAL LEVEL OF THE CENSUS TRACT
RESIDENCE AT DIAGNOSIS (SO, LEVEL) AND AS THE COMPUTED TOTAL LIFETIME

OF DOSE IN CONTRA COSTA COUNTY (SO, DOSE)

Males Temales
Factor OR p** OR p**
S0, level 1.26 0.01 0.94 0.78
SO4 dose 1.00 0.23 1.00 0.41

¥Risk expressed as the odds ratio (OR)
**Significance probability

To determine whether the data collected at the individual level
corroborated the previous findings from this project, several analyses were
conducted that did not neccesarily test causal hypotheses. The earlier
incidence analysis showed that residents of the Industrial area experienced
lung cancer at a rate aporoximately 40% higher than residents of the Non-
Industrial area for the period 1975-79. The cases and controls in this
component of the study were categorized as to their residential address at
the time of interview (for controls) or at the time of initial diagnosis
(for cases). Table 18 shows that when male participants are so categorized
there is an elevated odds ratio (p = 0.06) associated with residence in the
Industrial area, as previously found. “hen smoking is taken into account,
however this relationship is essentially destroyed (p = 0.17), indicating
that in this set of data, the difference in lung cancer risk for males
between Industrial and Non-industrial areas can be substantially accounted
for by a difference in smoking practices of the males of the two areas. For
females no elevated odds ratio for residence in the Industrial area exists.

Proximity to known locations of toxic waste dumps had no effect on lung
cancer risk, as shown in Table 18.

The previous correlation analysis produced an association between
ambient S0,, percent blue collar workers and lung cancer among males.
That analysis used, as a measure of S0,, the level assigned to the census
tract at the time of diagnosis. Table 26 shows that for males, a positive
but not statistically significant relationship exists between the level of
S0, in the census tract at the time of diagnosis {(for cases) or interview
(for controls). If ambient S50, exposure really imparts an increased risk
of lung cancer one would expect a more precise measure, estimated cumulative
dose of ambient SO, in the county, to demonstrate a stronger relation-
ship. However, when the total cumulated dose of ambient S0, in Contra
Costa County is considered, no relationship exists between SO, and lung
cancer. Adjusting for smoking or other factors, whether significant or not,
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did not materially change this finding.

This analysis examined the effect of smoking and air pollution in
considerable detail. No measure of air pollution was found to have a
statistically significant relationship to lung cancer. In considering these
negative findings, the following must be weighed.

1. The estimated cumulative dose of each pollutant was computed from
values in Contra Costa County only. If the population in Contra
Costa County were highly mobile it could dilute the contribution
by each respondent such that a weak relationship could not be
detected. In this situation, however, no correlation with the
pollutant level at the place of residence at diagnosis would
represent a causal relationship unless the relationship were both
immediate and transitory, a requirement not met by any other known
carcinogenic agents.

2. Air pollutants were measured for only one year. Thus if that year
were atypical for the relative levels of each pollutant from area
to area or if measurement of levels were not typical of the census
tract, a real relationship would be obscured through
misclassification.

3. Another assumption is that each subject is locationally fixed at
his/her census tract of residence; consequently this excludes any
other locational exposure such as those in the workplace.

4. Only solid air pollutants were measured. At the start of the
project no reliable method existed for measuring the mutagenicity
of volatile gases. Also, the project was not funded to measure
levels of volatile gases, such as benzene, which could have
biologic effects at very low doses. However, in general the
volatile and particulate pollutants originate from the same
emigssion sources and the general air flow patterns remain the same
from year to year so that if there were a significant carcinogenic
effect from a volatile pollutant that was not measured, it would
be expected to exhibit its effect in a distribution similar to
that of a particulate pollutant from the same source.

Even with these caveats, the failure to detect any effect on lung
cancer by air pollution suggests that no significant effect exists.

The proportion of lung cancer explainable by this analysis was only
about a third, most of which was contributed by smoking. This may be due to
at least three reasons. The first is that the multiple logistics analysis
draws its information about risk from differences between cases and
controls. With regards to smoking, a high proportion of both cases and
controls smoked. This may have led %0 an underestimate of the risk from
smoking.

The occupational categories are very broad and undoubtedly contain
specific occupations that are of higher and lower risk than the mixture that
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constitutes the broad category. The occupational analysis therefore likely
explains less lung cancer than potentially it could. This would be expected
t0 be more true of males than of females since in general, males would be
expected to have 2 higher provortion of their numbers in occupations with
carcinogenic hazards. This supposition is supported by the fact that higher
preoportion of lung cancer amcng females is explained, under any assumption,
than among males.

Lastly, a major determinant for any cancer was not measurable by this
study. Phat factor is individual susceptibility. It may explain a
significant proportion of lung cancer but is not identifiable by a
comparison of exposures of cases and conirols.

SUMMARY AND CONCLUSIONS

This analysis of case-control data suggests that the major contribdbutor
to lung cancer in Contra Costz County is smcking. Further, smoking accounts
for mest of the previously identified difference in lung cancer incidence
between the Industrial and Non-industrial areas. Eecguse of the high
prevalence among both cases and controls, the contribution of amoking may be
underestimated.

There was no identified effect on lung cancer risk contributed from any
measured constituent of air pollution. The one air pollutant (S0,)
significantly correlated with male lung cancer incidence in the indirect
correlationa] analysis, in this case-control an2lysis had g pesitive but not
statistically significant relationship with lung cancer risk only when 504
lavel at the current address was used as the meazsurement. When a measure of
total lifetime dose of SO, from Contra Costa County was used, no elevated
risk was apparent.

One dietary factor had a significant (p = 0.01) protective effect for
males arnd a similar but not statistically significant (p = 0.18) effect for
females. This factor, weekly servings of green vegetables, is a crude
measure for several dietary constituents believed to reduce the risk of
cancer of geveral types. Both vitamin A and cruciferous vegetables would be
included in this dietary measure. The dietary measure, weekly servings of
yellow vegetables, did not discriminate between cases and controls.

flone cof the broad occupational categories had any significant
relationship to lung cancesr risk in males. A more detailec analysis of the
effect of various occupations on lung cancer risk is desiraple and support
for this subsequent analysis is being sought.

The effects of alcohol and asbestos exposure, as measured, did not bear
2 gtatistically significant relationship ito lung cancer in this analysis.
In any subsequent analysis a2 more quantitative- measure of asbestos exposure
would be desirable.

There was no apparent effect of source of drirking water or proximity
to known toxic waste dumps on the risk of lung cancer.
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These data confirm the known causal relationship between smoking and
lung cancer. They provide some reassurance that constituents of particulate
air pollution do not contribute measurably to the risk of lung cancer. This
is consistent with the findings of several other studies. These data
provide supportive evidence for the protective effect of dietary factors on
cancer risk, a finding consistent with other epidemiologic and laboratory
studies.
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