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ABSTRACT 

Data from the Third National Cancer ,Survey have been 

analyzed in conjunction with air quality data, in an inves

tigation of possible associations between site~specific 

cancer incidence and levels of two pollutants. total 

suspended particulate (TSP) and carbon monoxide (CO), in the 

San Francisco Bay Area. Median family income of the census 

tract of residence was used to stratify the cancer incidence 

cases according to socio-economic status. The results are 

consistent with earlier investigations reporting associa

tions between TSP levels and cancer. No such association is 

found for CO. 

The work described in this report was funded by the California Air Resources 
Board (ARB) under Contract No. A7-l85-30, and by the Office of Health and 
Environmental Research, Assistant Secretary for Environment of the u.s. 
Department of Energy under Contract No. W-7405-ENG-48. 
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INTRODUCTION 

The data and methods used to study the influence of air pol

lution on the occurrence of disease have not yet led to 

widely accepted conclusions. Perhaps the strongest case for 

an etiologic connection between concentrations of pollution 

and disease can be made for chronic respiratory disease and 

stomach cancer. l - 3 Relationships between air pollution and 

cancer mortality have been noted by several investigators. 

3-6 However, the difficulties in accurately estimating pol

lution exposure, low fre~uencies of most site-specific canc

ers, and the lack of data and methods for handling confound

ing factors make rigorous conclusions concerning general 

mortality or specific cancer mortality difficult. An alter

native method for reaching useful conclusions is the assess

ment of a series of epidemiologic studies for consistency of 

results. Such epidemiological investigations typically 

employ a variety of data sources and statistical methods 

providing a series of perspectives to help outline and 

define the relationships, if any, between air pollutants and 

disease risk. The existing evidence for a relationship 

between air pollution and cancer occurrence has been 

reviewed by Higgins.? 

The following study is another attempt to provide insight 

into the relationship between pollution exposure and cancer 

frequency. Like its predecessors, it is not methodologically 

perfect. However, in an area where imperfect study design 

is the rule, the present approach possesses some strengths. 

Relatively small areas (census tracts) within a single geo

graphic entity (San Francisco-Oakland Standard Metropolitan 

Statistical Area) serve as the fundamental geographic units 

of study. Age-specific cancer incidence rates for each of 

38 individual cancer sites, rather than cancer mortality 

data, are employed. Air pollution measurements are care

fully defined and interpolated to provide estimates of expo

sure. The statistical methods do not depend on mathematical 

models (particularly regression models) to adjust for the 

influences of confounding factors and are purposely chosen 
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to be simple and straightforward. 
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MATERIALS AND METHODS 

Three types of data were combined to investigate the possi

ble influences of air pollution on the incidence of 38 

selected canCers: rates that reflect age-, race- and sex

specific cancer incidence, a measure of socio-economic 

status, and estimates of expdiure to air pollution. 

Cancer incidence cases were extracted. from the Third 

National Cancer Survey (TNCS). White male and female 

residents of the San Francisco-Oakland Standard Metropolitan, 

Statistical Area (SMSA) over age 34 were selected from the 

1974 (version 8) master extract. Age, sex, census tract· of 

residence, and cancer site constituted the data record for 

each individual. A list of the 38 cancer sites selected for 

this investigation is given in Table 1. Excluding carcinoma 

in situ and non-melanoma skin cancers, the sample consisted 

of 31,675 individuals. The inclusion criteria led to 

slightly fewer cases than reported in the TNCS monograph 8 

for some sites. For example, the number of male cases of 

cancer of the lung, bronchus and trachea is lower by 46 

cases (2641 males versus 2687).8 

Air quality data were obtained from the Environmental Pro

tection Agency. (EPA) Storage and Retrieval of Aerometric 

Data (SAROAD) data bank in the form of yearly summaries 

(1974-1976). Values of total suspended particulate (TSP) 

and carbon monoxide (CO) concentration were assigned to each 

monitoring station. Other pollutants retrieved from SAROAD 

were not used in this analysis for the following reasons: 

insufficient monitoring station data (sulfates, total hydro

carbons, non-methane hydrocarbons, ozone and oxidants); and 

different laboratory methods of measuring the pollutant, 

producing inconsistent results (sulfur dioxide and nitrogen 

dioxide). The station values'are geometric means of three 

years of daily TSP and hourly CO measurements, expressed in 

micrograms per cubic meter. TSP was selected because of the 

large number of studies employing particulates as a general 

index of air quality. The CO measurements provide another 
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"criterion" pollutant with a contrastinq geographic pattern 

(correlation of TSP and CO levels = -.48) and a fairly wide 

range of levels over the San Francisco-Oakland SMSA. There 

is also no reason to believe that CO would be associated 

with cancer occurrence and it, therefore. is viewed as a 

"control" variable. 

The locations of some monitoring stations given in the EPA 

monitoring station directory were found to be erroneous and 

were corrected. Then air quality levels for each of the 737 

Bay Area 'census tracts were estimated from the levels 

observed at individual stations These estimates are 

weighted geometric means of data from all stations within 

100 kilometers of the census tract. The weight of station i 

is taken to be 

w· - n' e' 1 - 1 

where ni is the number of observations at station i, di is 

the distance from monitoring station i to the tract cen

troid, and dO is a scaling paramete~ of the order 'of 5 to 20 

kilometers. The geometric mean level for the census tract 

is estimated as 

exp ~ W· In x' 1 1 

where xi is the geometric mean of observati~ns at station i. 

The estimates are based on 39 stations measuring TSP and 21 

stations measuring CO. Stations further than five times dO, 

which have a negligible weight wi, we~e ignored Further
more, the resulting tract estimate was suppressed for any 

tract having no stations within a distance equal to three 

times dO. 

The locations of 18 TSP and 10 CO stations withjn the San 

Francisco-Oakland SMSA are shown in Figures 1 and 2. The 

geometric means and a measurement of the monitoring activity 

of these stations are given in Figures 3 and 4. 

I, ., 

~l 
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To choose the "optimum"-value of dO and investigate the 

accuracy of these weighted averages, a predicted value for 

each siation was generated from observations at the other 

stations, and compared to the actual value observed it the 

selected station. This "leave-one-out" method yields a 

predicted value for each of the Bay Area monitoring sta

tions. The correlation between the predicted and observed 

'value~ provides an assessment of predictability employing 

weighted averages derived from monitoring station cata. The 

relationship between the scale parameter dO and the correla

tion coefficient is shown in Figure 5 for both CO and TSP. 

Predictabillty (correlation) increases with dO to a maximum 

in the neighborhood of dO = 10 km, and then declines. The 

same pattern is observed for both pollutants. The maximum 

correlation is 0.82 for TSP and 0.81 for CO. 

To demonstrate the importance of selecting the optimum value 

of dO' Figures 6 (TSP) and 7 (CO) show the geographic dis

tribution of the interpolated values of. TSP and CO for three 

specific v~lues. of the scale parameter dO (5, 10 and 20 km). 

When dO = 5 km, the estimated census tract values are dom

inated by the nearest monitoring station(s). A number of 

tracts have no station within 3 x dO = l5km, and hence no 

estimate. When dO = 20 km, the station values lose tlleir 
individual identity and the variation across most of the Bay 

Area almost disappears. The choice dO = 10 km generates 

estimated census tract air quality levels that vary 

smoothly, and yields nearly the maximum correlation between 

predicted and observed values when tested on station level 

data. With the value 

were more than 3 x d 0 
(for either TSP or 

analysis. 

dO = 
= 30 

CO) 

10 km, ten Bay Area census tracts 

km from any monitoring station 

and were eliminated from the 

Figures 8 (TSP) and 9 (CO) show in greater detail the geo

graphic distribution of estimated pollution levels (with dO 

= 10 km) for the Bay Area census tracts. These values con

stitute the measure of exposure to air pollutants TSP and CO 

for this investigation. A brief statistical description of 
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these estimates is given in Table 2. 

·The 1969 median family income associated with each census 

tract, as reported by the 1970 U.S. Census~ serves as an 

indicator of socio-economic status. That is, the general 

standard of living of each person in the Bay Area is assumed 

to be reflected by the median family income of that person's 

tract of residence. The geographic pattern of median family 

income in the San Francisco Bay Area is shown in Figure 10. 

To investigate possible associations between air quality and 

cancer incidence, the Bay Area census tracts were classified 

into six categories with respect to income level and expo

sure to TSP and co. Three levels of median family income 

«$9,700, $9,700 to $12,000, and >$12,000) and two levels of 

air pollution exposure (above and below the median) were 

chosen. This choice of income levels produces approximately 

equal numbers of tracts in each group. While it would have 

been desirable to use an air pollution classification of at 

least three levels, the narrow range of variation (see Table 

2) precluded more than a two-level classification sch~me. 

Each census tract belongs uniquely to one of these incorne

exposure groups. The tracts belonging to the low TSP expo

sure group are not necessarily the same tracts as in the low 

co exposure group. The two-way classification of each 

census tract is depicted in Figures 11 (TSP) and 12 (CO) 

with respect to the six possible income-exposure categories. 

The cancer cases included in the TNCS can be grouped into 

the six income-exposure categories, since the census tract 

of residence is recorded for each individual case. Further

more, these incidence cases can be combined with age- and 

sex-specific population counts from the 1970 u.s. Census to 

calculate average annual age- and sex~specific incidence 

rates for the six income-exposure categories (see Table 3, 

for example). That is, cancer incidence rates for areas 

with roughly equal income levels are computed for census 

tracts experiencing high and low levels of exposure to TSP 

and co pollution~ This comparison applies equally to all 

," 

l.• 

Ii. , 
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the cancer sites given in Table 1. 

If increased cancer incidence is associated with poor air 

quality, then within each age-income category the higher 

rate of cancer should be more or less consistently observed 

in the group having exposure to higher than median levels of 

pollution. A simple non-parametric sign test is employed to 

assess the likelihood that this type Df association can 

occur by chance variation. Under the hypothesis that cancer 

incidence and pollution are unrelated, the probability that 

the higher rate within an income group will be associated 

with the higher exposure category is ,1/2. There are 12 com

parisons for most cancer sites and sex (one comparison 

within each of 3 income levels for 4 age-specific groups). 

The probability, by chance alone, of observing the higher 

cancer rate in the higher exposure category for all 12 age

income combinations, is (1/2)12 = 0.0002. Other similar 

significance probabilities ("p-values") are calculated from 

the binomial distribution. 

As there are 33 male and 35 female cancer sites, the total 

number of possible comparisons for each pollutant is 12 x 33 

= 396 for males and 12 x 35 = 420 for females. Some of the 

age-sex-income-site categories have no observed incidence 

cases (for either pollution exposure category), so the 

actual number of comparisons for each pollutant is 367 for 

mal~s and 375 for females., 
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RESULTS 

Table 3 gives the incidence rates of cancer of the lung, 

bronchus and trachea among white males for six income-

exposure (TSP) categories for the four age-specific groups. 

The number of persons "at risk" is also shown. These lung 

cancer data illustrate the form of analysis applied to all 

68 cancer sites (33 male, 35 female) and both pollutants 

(136 separate analyses in all). In Table 3, nine of the 

twelve comparisons show the higher rate of lung cancer to be 

associated,with the higher TSP exposure category. The pro

bability of occurrence of this result or a stronger associa

tion (significance probability or up-value") when TSP pollu

tion and lung cancer incidence are unrelated is 0.073. In 

other words, chance variation is not a very likely explana~ 

tion for this particular association. 

Tables 4 and 5 present summaries of the identical analyses 

for all 38 specific cancer sites, for both sexes and both 

pollutants. The degree of association is described in terms 

of the number of times an increased rate of cancer incidence 

is found for individuals exposed to the higher (above the 

median) level of pollution, and in terms of up-values". 

In Figures 13 (TSP) and 14 (CO) the associations between 

pollution levels and cancer incidence rates are presented in 

terms of equivalent standard normal devia~ions (SND). Stan

dard deviations and up-values" for all sites combined were 

calculated after first adding together the number of compar

isons and the number of positive associations in each case . . 
(To relate accurately the standard normal deviations to the 

up-values" the continuity correction factor was employed.) 

The results are as follows: 



~: 

'" 

Iii' 
.. f' 

9 

Pollutant Sex Pos.Assns./Comparisons p-value 

TSP 1-1 197 / 367 .087 

TSP F 199 / 375 .128 

TSP M+F 396 / 742 .036 

CO M 175 / 367 .826 

CO F 181 / 375 .765 

CO M+F 356 / 742 .872 

There .is a 3.6% probability that chance alone could 

produced the overall association observed ~dth TSP. 

SND 

1.41 

1.19 

1.84 

-.89 

-.67 

-1.10 

have 
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For individual sites the strongest observed associations are 

as follows: 

Poll. Sex Site Pos.Ass~/Comp. p-value 

TSP M pancreas 11 / 12 .003 

TSP F ovary 10 / 12 .019 

CO M chron.lymp.leukemia 8 / 9 .020 

CO F bones & joints 6 / 7 .063 

TSP M lung,bronchus,trachea 9 / 12 .073 

TSP F stomach 9 / 12 .073 

TSP M testes 9 / 12 .073 

CO F Hodgkin's disease 9 / 12 .073 

The associations noted for individual sites should not be 

overemphasized. An important and often neglected statisti-

cal issue arises. When many comparisons are made within the 

context of a sifigle data set, chance associations with small 

probabilities of occurrence accumulate to increase the 

overall probability of observing some differences among a 

large number of comparisons: 

For this data set a reasonable estimate of the overall error 

is made by assuming each test to be statistically indepen

dent. Although a small amount of non-independence exists 

among the 136 tests employed for each pollutant, the assump

tion of independence will not be misleading. Only one asso

ci~tion (TSP, males, pancreas) has a "p-value" less than 

0.01. If all 136 tests with "p-values" of less than 0.01 

are declared as significant (i.e. due to non-random influ

ences), the probability of one or more type I errors (for 

either pollutant) among all tests is about 0.75. (Type I 

error: the association is declared as real when in fact it 

arises from chance variation.) Therefore, even at a conser

vative level of significance (0.01) a large probability 

exists that one or more of the associations noted in Tables 

4 and 5 results from chance variation. 

Sl~D 

2.95 

2.28 

2.34 

1.86 
L.: 

1. 68 
Ii 

1.68 

1.68 

1. 68 
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DISCUSSION 

Past epidemiological studies of cancer and air pollution 

have employed mortality data derived from death certifi

cates. Cancer incidence rate~, when based on carefully ~ol-

1ected data, are generally more effective indicators of 

cancer risk"particu1ar1y for sites with low· or rapidly 

changing case fatality ratios- Employing race-, sex-, age~, 

and site-specific incidence rat~s decrea~es var~abi1ity . due 

to these four important cancer-related variables and 

increases the specificity of the analysis, but ~auses a 

reduction in the number of cases relevant to each compari

son. The trade-off between specificity and samp1e size 

always· exists and in numerous instances has forced investi

gators to analyze rather broad age and site categories of 

cancer in order to include significant numbers of deaths. 

The 38 cancer sites in this analysis have, for the most 

part, sufficient numbers of cases to produce ra~es that 

re1iab1y- reflect cancer t isk for the 12 age-income-exposure 

groups. For example, in the analysis of acute lymphocytic 

leukemia among fema1~s, the rarest observedt 10 cases were 

employed. At the other exbreme, female breast cancer 

involved 3755 cases. 

The accuracy of the rates computed for the 38 cancer sites 

depends on the completeness of reporting and the precision 

of diagnosis. 8 Extensive efforts were made to produce the 

best possible data for the TNCS.8 

As mentioned, the associations observed for individual 

cancer sites should not be overemphasized. Neverthess, of 

the five most significant cancer-TSP associations observed, 

two (male lung and female stomach) are consistent with pre

vious observations.3,~ Among, the eight gastro-intestina1, 

sites (TNCS codes 500 through 579 in Table 1), we find (for 

both sexes combined) seven positive associations and one 

null association with TSP. No such pattern is observed for 

Co-

The use of CO as a control (since CO is not thought to be 
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associated with cancer) seems successf~l. The observed 

associations between CO and cancer are not more than 

expected by chance alone. The fact that CO show~ no remark

able associations with cancer occurrence for any of the 38 

sites gives some confidence that the approach and methods 

used here do not produce spurious positiv~ results. 

The lack of data and/or statistical adjustment for variables 

·that confound possible influences of pollution is a funda

mental problem in linking pollution with disease.IO,ll The 

most commo~ interfering (uncontrolled) variable is cigarette 

smoking, which certainly influenc~s the occurrence of cancer 

of a number of sites. If populations exposed to high levels 

of pollution also have elevated rates of cigarette smoking, 

a positive association would be observed which is, at least 

partially, induced by differences in smoking frequency. On 

the other hand, the lack of any observed association is less 

easily attributable to the influences of differing smoking 

rates. No association results when smoking-related 

increases in cancer rates occurin~ in populations experienc

ing low pollution are balanced by pollution-related 

increases among individuals living in high pollution areas. 

Although this possibility seems remote, the counterbalancing 

influences of one or more covariables (such as smoking or 

occupational exposures) could lead to the observation of 

only small net effects in cancer frequency. In general, the 

lack of an association is not parsimoniously explained in 

terms of opposing influences that prev~nt the detection of 

an association. 

Another important covariable is socio-economic status. The 

cancer rates of many sites are influenced by social class 

status. To isolate the effects of air pollution, this con

founding variable must be taken into account. The simple 

method of stratifying incidence cases into fairly homogene

ous groups based on median family income of the tract of 

residence was adopted to remove the effects of social class. 

This strategy allows comparison of rates "free" from differ

ences in socio-economic status. Income is an often used 
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measure of social class, although in this case income is 

measured indirectly by using the median family income of the 

tract of residence rather than the personal income of each 

case. This "ecologic" approach to measuring social class 

confirmed knmln relationships bebleen income· and cancer 

incidence for many of the 38 sites. For example, Table 3 

illostrates, as: expected, increasing rates cancer of the 

lun~~ bronchus and trachea associated with decreasing income 

levels for each of the four age groups. Both positive and 

negative associations reported by other investigators were 

replicated for a variety of sites in the TNCS data with the 

use of median family income (not shown in this presenta

tion). Since previously reported relationships between 

social class and cancer occurrence emerge with the use of 

tract level family income data, assurance is provided that 

this indirect measure indicates an individual's socio

economic status. 

Nevert~eless, the use of median family income to control for 

differences in social class is still open to debate. If 

cancer patients represent a random sample of the resi~ents 

of a census tract, then the median family income would 

reflect the general level of income for those patients. 

Cancer cases are not a random sample, but rather tend to be 

older-and, for many cancer sites, with lower income than the 

average tract levels. In other words, if median family 

income represents socio-economic status, then it ' overstates 

the income level of cancer patients. An alternative argu

ment can be made that the median family income for a census 

tract indicates the average social and economic environment 

in which a person lives and should not be taken as represen-· 

tative 'of personal income. Furthermore, income correlates 

with many other indirect measures of the socio-economic 

environment of the census tract, such as median educational 

level, percentage of black resident~, and percentage of 

residents older than 65 years. Thus, median family income 

probably s~rves to represent a number of dimensions of 

social class, 3 and employing other "ecolog ic'" var iables adds 
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little new information. Although most geographic studies of 

air pollution3- 6 ,9,12,13 have used indirect measures of 

social class, the question of whether income (measured 

indirectly) sufficiently reflects social status of individu

als to allow for reasonable control of this fundamental con

founding variable remains unanswered for this study as well 

as others. 

The methods that have been used to interpolate air quality 

values over geographic areas vary from simplistic to 

extremely ~ophisticated. The method employed here using 

weighted geometric means of TSP and CO levels is somewhere 

between these extremes. The three-year average which was 

used undoubtedly reflects general pollution levels, and lit

tle sensitivity is gained by incorporating (modeling) other 

influences such as stationary sources of pollution, weather 

patterns, or seasonal trends. The critical issue in deter

mining pollution exposure of an area is not how air quality 

is measured .but when it is measured. 

It is widely agreed that most cancers take 10 to 20 years to 

develop to clinically recognizable stages. Therefore, the 

measurements of air quality should more or less correspond 

to the onset of the cancer under study. This is not the 

case in.this study or any other study of cancer and ~ollu

tion. In general, cancer rates and air pollution levels are 

assessed at roughly the same time. The assumption implicit 

in this approach is that present air quality measurements 

reflect rather consistent relative differences among geo

graphic areas over time. It is plausible but not demonstr

able that the relative patterns of TSP and CO for the 737 

census tracts have not changed dramatically, although the 

average levels of these pollutants have indeed varied over 

the last 10-20 years. To the degree that this assumption 

holds, the census tracts in this study are correctly classi

fied with regard to air pollution exposure. 

Another related assumption underlying geographic comparisons 

is that the populations being compared are fairly stable. 
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The analysis of recently measured air pollution and cancer 

rates assumes that the populations classified at high and 

low exposure are sufficiently stable so that the individuals 

who make up the cancer rates are those individuals who were, 

by and large, exposed to the differing levels of pollution. 

Again, this assumption is necessary for useful geographic 

comparisons of cancer occurrence but rarely, if ever, veri

fied. A reasonable speculation about the Bay Area's popula

tion is that the urban areas have been somewhat stable for 

the last decade or two and the rural areas (a small 'portion 

of the SMSA) have experienced large amounts of residential 

growth. 

Where the attempt to demonstrate a relationship between 

cancer incidence rates and urban air pollution as measured 

by TSP and CO shows negative results, two competing possi-

,bilities exist for not demonstrating an association: no 

relationship exists, or the data and methodology lack the 

power to demonstrate an existing relationship. That is, a 
, 

verdict of "not guilty" leaves two alternatives: "innocent" 

or "insufficient evidence." These two possibilities are not 

specifically separated in this analysis. The fact that the 

high and low exposure groups did not have extremely dif

ferent levels of pollution is the most plausible candidate 

for the lack of sensitivity in these data. The dose-

response relationship between air quality and the occurrence 

of cancer is not known, making it impossible'to rigorously 

define adequate differences in air pollution level that 

would lead to probable identification of differences in 

cancer rates. As in most epidemiologic 'studies, a calcula

tion of statistical power is not realistic. and leaves only 

informal and non-structured assessments of the "innocent" 

versus "insufficient evidence" .issue. 
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Table 1. List of cancer sites and Third National Cancer 

Survey (TNCS) codes for cancers investigated. 

Cancer Sites 

1. lip 

2. tongue 

3. salivary gland 

4. gum and mouth 

5. nasopharynx 

6 •. esophagus 

7. stomach 

8. small intestine 

9. colon 

10. rectum 

11. liver 

12. gall bladder 

13. pancreas 

14. larynx 

15. lung, bronchus and trachea 

16. breast 

17. cervix (invasive) 

18. corpus 

19. uterus (nos) 

20. ovary 

21. vulva 

22. prostate 

23. testes 

.24. penis 

25. bladder 

26. kidney 

27. bones and joints 

28. soft tissue 

29. melanomas 

30. eye and orbit 

31. brain 

32. thyroid 

TNCS Codes 

400-409 

410-419 

420-429 

430-459 

471-479 

500-509 

510-519 

520-529 

531-539 

540-541 

550 

560 

570-579 

610-619 

621,623,624 

740-749 

800-809 

820 

829 

830 

842 

859 

869 

870 

889 

890 

700-709 

710-719 

730-739 

900-909 

910-919 except 9531-9533 

930 
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33. Hodgkin's disease 9653-9683 

34. multiple myeloma 691 

35. acute lymphocytic leukemia ,690-699, type 9825 

36. chronic lymphocytic leukemia 690-699, type 9827 

37. acute granulocytic leukemia ,690-699, type 9865 

38. chronic granulocytic leukemia 690-699, type 9867 
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Table 2. Estimated total suspended particulate (TSP) and 

carbon monoxide (CO) levels (micrograms per cubic meter) for 

the 737 census tracts of the San Francisco-Oakland SMSA. 

geometric 

mean 

entire SMSA: 

TSP 

CO 

47.3 

2152.-2 

geometric 

standard 

deviation 

5.06 

307.73 

minimum 

37.4 

1697.0 

median 

47.0 

2008.0 

maximum 

77.6 

2935.7 

pollution exposure above median: 

TSP 

CO 

50.8 

2376.6 

5.75 

274.8 

47.0 

2008.0 

48.3 

2381.8 

77.6 

2935.7 

pollution e:<:posure below median: 

TSP 

CO 

44.7 

1911. 8 

2.23 

64.0 

*Ten tracts did not meet the 

estimate of air pollution, 

i~cluded in the TNCS data. 

37.4 

1697.0 

45.7 

1926.8 

47.0 

2008.0 

requirements for a "valid" 

and twelve tracts \'iere not 

number 

of 

tracts 

417 

342 

298 

373 

715 

715 
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Table 3. Average annual age-specific incidence rates per 

100,000 for cancer of of the lung, bronchus and trachea in 

white males by TSP exposure (high/low) and income level (3 

groups). The corresponding population at risk is given in 

parentheses. 

Income TSP Level (micrograms per cubic meter) 

below 47 above 47 all tracts 

age 35-44: 

<$ 9,700 

$9,700-$12,000 

>$12,000 

all tracts 

age 45-54: 

<$ 9,700 

$9,700-$12,000 
" 

>$12,000 

all tracts 

age 55-64: 

mean = 44.7 

24.6( 8,131) 

30.1(21,019) 

15.7(57,146) 

20.1(86,296) 

102.1( 8,488) 

85.3 (23,831) 

61.8(60.960) 

71.5(93,279) 

<$ 9,700 230.3( 7,670) 

$9,700-$12,000 242.9(20,999) 

>$12,000 181.G(39,091) 

all tracts 206.1(67,760) 

age over 64: 

<$ 9,700 

$9,700-$12,000 

>$12,000 

all tracts 

393.7(10,413) 

450.4(19,391) 

365.3(27,464) 

399.3(57,268) 

mean = 50.8 

34.8(14,354) 

21.0(22,216) 

24.4(31,415) 

25.5(67,985) 

141.6(13,889) 

84.1(22,985) 

64.0(29,689) 

87.1(66,563) 

316.8(13,256) 

262.7(18,274) 

214.4(20,367) 

257.6(51,897) 

539.5(15,508) 

409.5(17,906) 

381.1(16,267) 

440.8(49,681) 

mean = 47.3 

31.1( 22,485) 

25.4( 43,235) 

24.4( 88,561) 

22.5(154,281) 

126.6( 22,377) 

84.7( 46,f/16) 

62.5( 90,649) 

80.0(159,842) 

285.1( 20,926) 

252.1( 39,273) 

192.9( 59,458) 

228.4(119,657) 

480.9( 25,921) 

430.8( 37,297) 

371.2( 43,731) 

418.6(106,949) 
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Table 4 •. The number of positive ·associations among the 

t~elve comparisons (tied values excluded) between TSP levels 

and average annual age-specific cancer incidence rates for 

38 sites with significance probabilities ("p-values") for 

males and females. The number of comparisons for a given 

~ sex and site is less than 12 when deaths did not occur in 

all age-income categories. 

MALE FEMALE 

No.of No.of p-value No.of No.of p-value 

~ I •• 

~I 

CANCER SITE 

1. lip 

2. tongue 

3. salivary gland 

4. gum and mouth 

5. nasopharynx 

6. esophagus 

7. stomach 

8. small intestine 

9. colon 

10. rectum 

11. liver 

12. gall bladder 

13. pancreas 

14. larynx 

cases positive 

associ

ations 

106 

137 

66 

168 

33 

181 

567 

60 

1280 

730 

123 

31 

467 

312 

IS. lung,bronch,trachea 2641 

6/12 

3/11 

5/11 

6/12 

5/11 

7/11 

5/12 

7/10 

7/12 

8/12 

7/11 

4/9 

11/12 

8/12 

9/12 

8/11 16. breast 30 

17. cervix (invasive) 

18. corpus 

19. uterus (nos) 

20. ovary 

21. vulva 

22. prostate 

23. testes 

1985 

89 

5/11 

9/12 

.613 

.967 

.726 

.613 

.726 

.274 

.806 

.172 

.387 

.194 

.274 

.746 

.003 

.194 

.073 

.113 

.726 

.073 

cases positive 

associ

ations 

13 

70 

92 

III 

16 

109 

376 

45 

1532 

661 

64 

76 

372 

51 

1630 

3755 

475 

1268 

74 

651 

69 

3/5 

7/11 

5/11 

6/12 

6/9 

7/10 

9/12 

4/8 

6/12 

6/12 

4/11 

8/11 

6/10 

6/11 

4/12 

4/:1.2 

7/12 

4/12 

8/12 

10/12 

6/11 

.500 

.274 

.726 

.613 

.254 

.172 

.073 

.G37 

.613 

.613 

.887 

.113 

.377 

.500 

.927 

.927 

.387 

.927 

.194 

.019 

.500 
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24~ penis 32 7/12 .387 

25. bladder 862 5/12 .806 339 8/12 .194 

26. kidney 277 6/12 .613 146 6/12 .613 

27. bones & joints 18. 4/8 .637 20 5/7 .227 

28. soft tissue 81 8/12 .194 57 6/12 .613 

29. melanoma 164 6/12 .613 186 4/12 .927 \). 

30. eye & orbit 23 5/11 .726 29 6/11 .500 

, 31. brain 212 4/12 .927 198 6/12 .613 b 
32. thyroid 98 7/12 .387 206 6/12 .613 

33. Hodgkin's ~isease 104 5/12 .806 63 6/12 .613 

34. multiple myeloma 160 5/11 .726 139 6/12 .613 

35. aeute lymph.leukemia 12 2/5 .813 10 3/5 .500 

36. ehron.lymph.leukemia 262 5/9 .500 65 2/7 .938 

37. aeute gran. leukemia 97 4/12 .927 77 6/12 .613 

38. ehron.gran. leukemia 44 4/11 .887 27 , 3/9 .910 

total, all sites 11452 197/367 .087 13072 199/375 .128 
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Table 5. The number of positive associations among the 

twelve comparisons (tied values excluded) between CO levels 

and average annual age-specific cancer in~idence rates for 

38 sites with significance probabilities ("p-~alues") for 

males and females. The number of comparisons for a given 

~ sex and site is less than 12 when deaths did not occur in 

all age-income categories. 

MALE FEMALE 

No.of No.of p-value No.of No.of p-:-value 

CANCER SITE 

1. lip 

2. tongue 

3. salivary gland 

4. gum and mou'th 

5. nasopharynx 

6. esophagus 

7. stomach 

8. small intestine 

9. colon 

10. rectum 

11. liver 

12. gall bladder 

13. pancreas 

14. larynx 

cases positive 

associ

ations 

106 

137 

66 

168 

33 

181 

567 

60 

1280 

730 

123 

31 

467 

312 

15. lung,bronch,trachea 2641 

6/12 

8/11 

5/11 

4/12 

6(11 

5/11 

6/12 

4/10 

6/12 

6/12 

6/11 

2/9 

5/12 

3/12 

7/12 

2/11 16. breast 30 

17. cervix (invasive) 

18. corpus 

19. uterus (nos) 

20. ovary 

21. vulva 

22. prostate 

23. testes 

1985 

89 

6/11 

3/12 

.613 

.113 

.726 

.927 

.500 

.726 

.613 

.828 

.613 

.613 

.500 

.980 

.806 

.981 

.387 

.994 

.500 

.981 

cases positive 

associ

ations 

13 

70 

92 

III 

16 

109 

376 

45 

1532 

661 

64 

76 

372 

51 

1630 

3755 

475 

1268 

74 

651 ' 

69 

4/5 

5/11 

4/11 

,4/12 

3/9 

6/10 

8/12 

5/8 

6/12 

7/12 

8/11 

5/11 

3/10 

5/11 

4/12 

4/12 

4/12 

5/12 

7/12 

5/12 

4/11 

.188 

.726, 

.387 

.927 

'.910 

.377 

.194 

.363 

.613 

.387 

.113 

.726 

.945 

0726 

.927 

.927 

.927 

.806 

.387, 

.806 

.887 



26 

24. penis 32 5/12 .806 

25. bladder 862 5/12 .806 339 4/12 .927 

26. kidney 277 5/12 .806 ,146 7/12 .33; 

27. bones & joints 18 3/8 .855 20 6/7- .063 

28. soft tissue 81 7/12 .387 57 6/12 .613 

29. melanoma 164 5/12 .806 186 4/12 .927 i 

30. eye & orbit 23 4/11 .887 29 6/11 .500 

31. brain 212 5/12 .806 198 6/12 .613 'b 

32. thyroid 98 4/12 .927 206 6/12 .613 

33. Hodgkin' s -disease 104 8/12 .194 63 9/12 .073 

34. multiple myeloma 160 7/11 .274 139 8/12 .194 

35. aeute lymph. leukemia 12 3/5 .500 10 2/5 .813 

36. ehron.1ymph.1eukemia 262 8/9 .020 65 2/7 .938 

37. aeute gran. leukemia 97 8/12 .194 77 5/12 .806 

38. ehron.gran. leukemia 44 8/11 .113 27 4/9 • 7116 

total, all sites 11452 175/367 .826 13072 181/375 .765 
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FIGURES 

Figure 1.' Locations of monitoring stations measuring total 

suspended particulate in the San Francisco-Oakland SMSA 

(1974-76). 

Figure 2. Locatioris of monitoring stations measuring carbqn 

monoxide in the San Francisco-Oakland SMSA (1974-76). 

Figure 3. Geometric mean concentration and percent of time 

active, for monitoring stations measuring total ~uspended 

particulate in the San Francisco-Oakland SMSA (1974-76). 

Figure 4. Geometric mean concentration and percent of time 

active, for monitoring stations measuring carbon monixide in 

the San Francisco-Oakland SMSA (1974-76). 

Figure 5. Relationship between the predicted value (corre

lation) and the ~cale parameter dO' for total suspended par

ticulate (TSP) and carbon monoxide (CO). 

Figure 6. Estimated concentrations of total suspended par

ticulate 'for dO = 5, 10 an~ 20 km for the San Francisco

Oakland SMSA (1974-76). 

Figure 7. Estimated concentrations of carbon monoxide for 

dO = 5, 10 and 20 km for the San Francisco-Oakland SMSA 

(1974-76). 

Figure 8. 

culate (dO 

(1974-76). 

Estimated concentration of total suspended parti

= 10 km) for the San Francisco-Oakland SMSA 

Figure 9. Estimated concentraiion of carbon monoxide (dO = 

10 km) for the San Francisco-Oakland SMSA (1974-76). 

Figure 10. Median white family income 

Francisco-Oakland SMSA (1969 income as 

Census). 

for the San 

reported in 1970 

Figure 11. Distribution of six income-exposure (TSP) 

categories for. the 737 census tracts of the San Francisco

Oakland SMSA. 
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Figure 12. Distribution of six income-exposure (CO) 

categories for the 737 census tracts of the San Francisco

Oakland SHSA. 

Figure 13. Association between total suspended particulate 

and cancer incidence in standard normal deviations, for - -

males, females and both sexes combined. 

Figure 14. Association between carbon monoxide and cancer 

irrcidence in standard normal deviations, for males, females 

and both sexes combined. 
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