
Abstract. Background: There are large geographical
variations of cancer mortality rates in the United States.
In a series of ecological studies in the U.S., a number of
risk-modifying factors including alcohol, diet, ethnic
background, poverty, smoking, solar ultraviolet-B (UVB),
and urban/rural residence have been linked to many types
of cancer. Air pollution also plays a role in cancer risk.
Materials and Methods: Cancer mortality rates averaged
by state for two periods, 1950-1969 and 1970-1994, were
used in multiple-linear regression analyses with respect to
many of the risk-modifying factors mentioned with the
addition of an air pollution index in the form of a map of
acid deposition in 1985. This index is correlated with
emissions from coal-fired power plants. In addition, lung
cancer mortality rates for five-year periods from 1970-74
to 1990-94 were used in multiple linear regression
analyses including air pollution and cigarette smoking.
Results: The air pollution index correlated with
respiratory, digestive tract, urogenital, female, blood and
skin cancer. Air pollution was estimated to account for
5%  of male cancer deaths and 3%  of female cancer
deaths between 1970-1994. Solar UVB was inversely
correlated with all these types of cancer except the
respiratory, skin and cervical cancer. Cigarette smoking
was directly linked to lung cancer but not to other types
of cancer in this study. Conclusion: Combustion of coal,
diesel fuel and wood is the likely source of air pollution
that affects cancer risk on a large scale, through
production of black carbon aerosols with adsorbed
polycyclic aromatic hydrocarbons. 

There are large-scale variations in cancer mortality rates in
the United States: For the period 1970–1994, rates for white
males were higher in the eastern United States than in the
western United States, whereas for white females, rates were
highest in the northeast and west. In 1950–1969, rates for
white males were highest in the northeast, Louisiana and
California, whereas for white females, they were highest
only in the northeast. Previous ecological studies first
investigated the correlations with solar ultraviolet-B (UVB)
doses (1-6). More recently, additional factors have also been
included: alcohol consumption, ethnic background, poverty
level, lung cancer (an index for smoking), and urban versus
rural residence (7, 8). Although these investigations have
yielded results in general agreement with the literature for
many of the factors and have added several types of cancer to
the list of those for which solar UVB and vitamin D appear
to be protective, there is always the possibility that, as new
indices become apparent, they can be added to the analysis to
develop better models to explain the geographic variation of
U.S. cancer mortality rates.

Another important factor for cancer is air pollution,
primarily from fossil fuel combustion. Particulates were
identified as the pollutant most highly correlated with
mortality rates from air pollution in the U.S. (9). An article in
2002 reported that each 10 μg/m3 elevation in fine particulate
air pollution was associated with approximately a 4% , 6%
and 8%  increased risk of all-cause, cardiopulmonary and
lung cancer mortality, respectively (10). A more recent study
found that a 10 μg/m3 increase in the yearly average PM2.5
(air pollutants particles with a diameter of 2.5 micrometers
or less) is associated with 10.9%  (95%  confidence
interval=9.0% -12.8% ) and 20.8%  (95%  confidence
interval=14.8% -27.1% ) increases in all-cause mortality for
the American Cancer Society and Harvard Six Cities study
counties, respectively (11). Air pollution levels are generally
higher in the eastern United States than in the west (12)
because of such factors as the prevailing westerly winds that
bring air from over the Pacific Ocean to the west and a higher
population and industrial density in the east, which thus uses
more fossil fuels.

3537

Correspondence to: William B. Grant, Ph.D., Sunlight, Nutrition
and Health Research Center (SUNARC), P.O. Box 641603, San
Francisco, CA 94164-1603, U.S.A. Tel: +1 4154091980, e-mail:
wbgrant@infionline.net

Key Words: Aerosols, air pollution, cancer, polycyclic aromatic
hydrocarbons, ultraviolet-B, vitamin D.

ANTICANCER RESEARCH 29: 3537-3546 (2009)

Air Pollution in Relation to U.S. Cancer Mortality Rates: 
An Ecological Study; Likely Role of Carbonaceous 
Aerosols and Polycyclic Aromatic Hydrocarbons

WILLIAM B. GRANT

Sunlight, Nutrition and Health Research Center (SUNARC), San Francisco, CA, U.S.A.

0250-7005/2009 $2.00+.40



Many of the studies on the effects of air pollution and
cancer identify aerosols and polycyclic aromatic hydrocarbons
(PAHs) such as benzo(a)pyrene as the components seemingly
most associated with cancer risk (13). Aerosols associated
with transportation, coal combustion and wood burning have
higher benzo[a]pyrene concentrations (14-16). In contrast, oil
combustion is not a major source of PAHs (17). PAHs are
adsorbed onto many types of solid aerosols, including black
carbon and road dust, and when they reach the lungs, PAHs
can be activated, having cytotoxic effects (18) and possibly
generating DNA adducts (19, 20).

More recently, adenocarcinoma of the lung (ADL) time
trends and geographic patterns seemed to be strongly correlated
with atmospheric emissions of nitrogen oxides (NOx) (21).
ADL rates started to rise rapidly in the 1970s, about 10-20 years
after an equally fast rise in NOx levels, and ADL rates were
about twice as high in regions with high NOx emissions than
in regions with low NOx emissions. ADL accounted for about
35%  of lung cancer cases in 1973-1994 on the basis of
Surveillance, Epidemiology and End Results (SEER) (22) data.
During that period, rates for squamous cell lung carcinoma and
small cell lung cancer peaked in the late 1970s or early 1980s. 

Thus, there is good evidence that ambient air pollution
increases the risk of lung cancer. This report presents an
ecological study of cancer mortality rates in the U.S. with
respect to a suitable index for air pollution, as well as several
other cancer risk-modifying factors.

Materials and Methods

The data and methods used in this study are similar to those used
in a previous study (7). Details of why each index was chosen are
given therein.

Age-adjusted, gender-specific and race-specific cancer
mortality rates were obtained from the National Cancer Institute’s
Atlas of Cancer Mortality in the United States (23). This study
used state-averaged data for whites for the periods 1950-1969 and
1970-1994, age adjusted to the age distribution of the total U.S.
population in 1970. 

DNA-weighted UVB data for July 1992 derived from Total
Ozone Mapping Spectrometer measurements (24) were determined
for each state. This index is highly asymmetric, with highest doses
in the southwest and lowest doses in the northeast. This asymmetry
is due to two factors: higher surface elevation in the west and the
thinner stratospheric ozone layer west of the Rocky Mountains. 

Data on smoking prevalence by state were obtained from Shopland
et al. (25). The respective minimum, maximum and mean values were
18.9% , 39.5%  and 32.6%  (standard deviation, 4.2% ) for males and
10.6% , 34.9%  and 26.0%  (standard deviation, 3.9% ) for females.
The 95%  confidence intervals of the data in (25) were reported as
between 3%  and 9% . Lung cancer mortality rates were used as the
index of the health effects of smoking. Lung cancer death rates are a
good index of tobacco smoke exposure for approximating non-lung
cancer death rates in black men (26). This index yielded correlations
with cancer mortality rates in previous ecological studies that are in
good agreement with the literature (7, 8, 27).

For the period 1950-1969, data on alcohol consumption (gallons
of ethanol per capita of the drinking-age population) for 1960-1962
were obtained from the Center of Alcohol Studies, Rutgers
University (28). Additional data starting with 1970 were available
from the National Institutes of Alcohol Abuse and Alcoholism (29).
The 1970 data were used for the period 1970-1994. Alcohol
consumption rates vary slowly, and the relative consumption rates
stay somewhat constant. 

Hispanic heritage is a known risk factor for several types of
cancer (30). The category “white Americans” includes people of
Hispanic heritage. This analysis included the proportion of white
Americans in each state considered Hispanic. The values used here
were for 1980, the earliest year for which comprehensive data were
available (31). 

The fraction of each state’s population living in urban areas from
1940 to 1970 was obtained from the U.S. Census Bureau (32). Data
for 1960 were used for the period 1950-1969, whereas data for 1970
were used for the period 1970-1994. 

The index used for poverty in this study was the fraction of
inhabitants living below the poverty level in 1969 (33). 

The National Atmospheric Deposition Program has made a series
of maps of acid precipitation. The maps represent kriged data based
on measurements at about 100 field laboratories around the country.
Maps are available for hydrogen, nitrate, sulfate and various
minerals. The index chosen for air pollution was hydrogen ion
concentration as pH from measurements made at the field
laboratories (34). In the web site where the National Atmospheric
Deposition Program pH maps are archived, the oldest available one
is for 1994. A map from 1985 was kindly provided by Roger
Claybrooke (University of Illinois). It is the oldest map that has data
from a large number of stations. As can be seen at the web site, pH
is lowest (4.2) in regions around Ohio and Pennsylvania, a region
with large emissions from coal-fired power plants, and highest (5.2-
5.8) in the western half of the country. That this map is
representative of carbon emissions from fossil fuel combustion,
especially from coal-fired power plants, is strongly supported by a
modeling study of carbonaceous aerosols (35) based on an
inventory of fossil fuel emission data for 1984 (36). Data from these
maps were digitized for each state on the basis of an estimate of the
pH value at the center of population for each state. 

The data were used in multiple linear regression analyses with
the SPSS version 13.0 (Chicago, IL, USA). The square roots of the
mortality rates were used in the analysis to reduce the effect of
extreme values. However, the regression results using the actual
values rather than the square roots were not noticeably different.
Most factors were initially used in the analysis for each cancer, but
only factors that were statistically significant in at least one analysis
for the particular cancer were retained in the final result.

The correlations between the various factors used in this study
are presented in Table I. Many of the factors are highly correlated
with other factors. In the analysis, highly correlated factors were
examined individually to help ensure that the results were not due to
interactions between the independent factors.

Results

The regression results are given in Tables II and III. Twelve
cancers, as well as all excluding lung cancer, were directly
correlated with the index of air pollution in this study:
respiratory (oral, nasopharyngeal, laryngeal and lung),
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digestive tract (esophageal, colon, rectal), bladder, female
organs (cervical, endometrial and breast), and blood cancer
(Hodgkin’s lymphoma). Most of these types of cancer were
correlated with lung cancer in the period 1970-1994;
endometrial cancer and Hodgkin’s lymphoma were not
correlated in this study nor a previous one (7); colon and

rectal cancer were not correlated with lung cancer for the
period 1970-1994 in this study but were in the previous
study (7). For the period 1970-1994, the adjusted R2 values
were 0.03 to 0.20 higher than in the previous work for males,
except for Hodgkin’s lymphoma for males, probably due to
the low mortality rate and paucity of data. The corresponding
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Table II. 1970-1994 cancer regressions.

Cancer Gender pH Lung UVB or Alcohol Poverty Urban Hispanic  Adjusted 
1985 cancer latitude2a 1970 1969 1970 1980 R2, F, p
(β, p) (β, p) (β, p) (β, p) (β, p) (β, p) (β, p)

All less lung M –0.56,* –0.35,* 0.30,* 0.73, 44,*
F –0.38,* 0.16, 0.02 –0.57,* 0.13, 0.04 –0.22, 0.009 0.23, 0.004 0.87, 51,*

Nasopharyngeal M –0.23, 0.10 0.52,* 0.44,* 0.55, 20,*
F –0.39, 0.003 0.37, 0.004 0.20, 0.06 0.48, 15,*

Oral M –0.53,* 0.23, 0.03 0.46,* 0.73, 43,*
–0.68,* 0.39,* 0.70, 57,*

F –0.16, 0.13 0.39, 0.001 0.48,* 0.58, 23,*
Esophageal M –0.45,* –0.32,* 0.39,* –0.25,* 0.87, 82,*

F –0.19, 0.02 0.34,* –0.31, 0.001 0.53,* 0.17, 0.05 0.79, 37,*
Colon M –0.41,* –0.59,* 0.36,* 0.78, 57,*

F –0.49,* –0.39,* –0.30, 0.001 0.72, 42,*
Rectal M –0.32,* –0.68,* –0.28, 0.001 0.28, 0.002 0.81, 50,*

F –0.40,* –0.51,* –0.35, 0.001 0.23, 0.03 0.72, 32,*
Laryngeal M –0.65,* 0.25, 0.01 0.26, 0.001 0.77, 55,*

F –0.45,* 0.32, 0.001 0.42,* 0.73, 45,*
Lung [omit Nevada (NV)] M –0.71,* –0.27, 0.008 0.36, 0.001 0.63, 28,*

(with NV) –0.62,* 0.43,* 0.53, 28,*
(with NV) F –0.35, 0.01 0.29, 0.03 0.21, 7.2, 0.002
(omit NV) –0.50,* 0.23, 15,*

Other skin M –0.30, 0.01 0.30, 0.03 –0.37, 0.001 0.38, 0.002 0.69, 27,*
F –0.37, 0.004 –0.33, 0.001 0.38, 0.009 0.37, 10,*

Breast F –0.25,* –0.42,* 0.27,* –0.27, 0.001 0.24, 0.002 0.87, 65,*
Cervical F –0.41,* 0.38,* –0.49,* 0.54, 20,*
Endometrial F –0.54,* –0.38, 0.002 0.19, 0.06 0.71, 39,*
Bladder M –0.19, 0.07 –0.39, 0.001 –0.21, 0.02 0.27, 0.001 –0.57,* 0.77, 34,*

F –0.45,* 0.35,* –0.17, 0.03 0.26, 0.001 –0.21, 0.009 0.82, 46,*
Hodgkin’s lymphoma M –0.80,* 0.33, 0.04 0.35, 0.01 0.40, 12,*

F –0.40,* –0.54,* 0.23, 0.01 0.62, 27,*

aLatitude2 for other skin cancer; UVB for all other cancer; *p<0.001.

Table I. Correlations between the factors used in this study for 1970-1994.

Factor Hispanic Lung cancer, M Lung cancer, F pH Poverty Urban UVB
(r, p) (r, p) (r, p) (r, p) (r, p) (r, p) (r, p)

Alcohol 0.13, 0.37 –0.17, 0.24 0.35, 0.015 –0.17, 0.25 –0.40, 0.005 0.42, 0.003 –0.13, 0.37
Hispanic –0.30, 0.03 0.07, 0.64 0.22, 0.13 0.03, 0.85 0.39, 0.005 0.57, *
Lung cancer, M 0.67, * –0.60, * 0.41, 0.004 –0.22, 0.12 –0.006, 0.97
Lung cancer, F –0.40, 0.005 –0.06, 0.67 0.17, 0.25 0.06, 0.68
pH 0.04, 0.80 –0.10, 0.50 0.37, 0.01
Poverty –0.44, 0.001 0.47, 0.001
Urban 0.14, 0.33

*p<0.001.



values for females are –0.02 to 0.17. For the period 1950-
1969, the differences ranged from –0.01 to 0.02 for males
and from –0.05 to 0.26 for females. Thus, it appears as if this
air pollution index had little effect on male cancer in the
earlier period.

Solar UVB was inversely correlated with the digestive and
elimination organs, two of the female organs (breast and
endometrial cancer), and Hodgkin’s lymphoma in the second
period, in agreement with the previous study (7). However,
UVB was no longer significantly inversely correlated with
laryngeal cancer as reported in (7).

Alcohol was correlated with several of the respiratory
organ cancers (oral, nasopharyngeal and laryngeal), two of
the digestive/elimination organ cancers (esophageal and
bladder), and one female organ cancer (breast). The alcohol
index is more appropriate for males than females because
males drink more than females. Results were similar to those
for the first period.

Urban residence was directly correlated with all excluding
lung, one respiratory cancer (nasopharyngeal), two female
organ cancers (breast and endometrial), and Hodgkin’s
lymphoma, and it was inversely correlated with cervical
cancer in both periods.

Hispanic heritage was directly correlated with all cancer
excluding lung (females in both periods), rectal in the
second period, and all less lung (females) and lung (females)
in the first period. 
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Table III. 1950-1969 cancer regressions.

Cancer Gender pH Lung UVB or Alcohol Poverty Urban Hispanic Adjusted 
1985 cancer latitude2a 1960 1969 1960 1980 R2, F, p
(β, p) (β, p) (β, p) (β, p) (β, p) (β, p) (β, p)

All less lung M 0.27,* –0.61,* 0.15, 0.06 0.36,* 0.84, 62,*
–0.20, 0.009 –0.58,* 0.54,* 0.80, 63,*

F –0.29,* –0.74,* 0.14, 0.04 0.23, 0.003 0.20, 0.007 0.88, 71,*
Oral M –0.47,* 0.28,* 0.34,* 0.82, 72,*

F –0.27, 0.03 –0.61,* 0.39, 15,*
Esophageal M –0.40,* –0.33,* 0.30,* 0.34,* 0.85, 71,*

F –0.46,* 0.39, 0.001 0.53, 28,*
Colon M –0.20, 0.001 –0.62,* 0.56,* 0.87, 109,*

F –0.36,* –0.50,* –0.24, 0.01 0.24, 0.006 0.84, 63,*
Rectal M 0.20, 0.008 –0.56,* –0.31, 0.001 0.28, 0.003 0.85, 68,*

F –0.30,* –0.42,* 0.29, 0.001 –0.34, 0.001 0.77, 41,*
Laryngeal M –0.40,* 0.48,* 0.31,* 0.90, 143,*

F –0.42, 0.002 0.40, 0.003 0.35, 0.008 0.44, 11,*
Lung M –0.54,* 0.22, 0.05 0.49,* 0.57, 22,*

F –0.50,* 0.27, 0.03 0.30, 0.02 0.44, 14,*
Other skin M –0.66,* –0.21, 0.007 0.25, 0.01 –0.20, 0.005 0.81, 53,*

F –0.41, 0.002 0.51,* –0.28, 0.004 0.68, 32,*
Breast F –0.65,* 0.23, 0.002 0.46,* 0.88, 115,*
Cervical F –0.63,* 0.27, 0.05 0.33, 0.006 –0.54,* 0.54, 15,*
Endometrial F –0.47,* –0.35,* –0.34, 0.008 –0.29, 0.004 0.52, 14,*
Bladder M 0.42,* –0.27,* 0.31,* –0.35,* 0.83, 58,*

0.28, 0.001 –0.43,* 0.34,* 0.28, 0.005 0.79, 47,*
F –0.65,* 0.47,* 0.74, 68,*

Hodgkin’s lymphoma M –0.56,* 0.30, 21,*
F –0.67,* 0.25, 0.02 0.49, 23,*

aLatitude2 for other skin cancer; UVB for all other cancer; *p<0.001.

Table IV. Estimate of effect of air pollution on mortality rates.

Period Gender Cancer Fraction Variance* Attributable 
(β2) mortality rate*

(fraction 
X variance)

1970-1994 M All less lung 0.18 38 6.8
Lung 0.10 36 3.6

F All less lung 0.14 31 4.3
Lung 0 10 0
Total 14.7

1950-1969 M All less lung 0.04 60 2.4
Lung (0.22) 28 (6.2)

F All less lung 0.08 44 3.5
Lung (0.18) 2.8 (0.5)
Total 5.9

*Deaths/100,000/year, with respect to pH 1985 in a linear regression
using the regression results in Tables II and III.



The regression results in Tables II and III can be used to
estimate the probable mortality rate due to this air pollution
index. For this calculation, the square of the highest partial
regression coefficient, β, for pH in the multiple regression
analysis is used to determine the fraction of the variance
attributable to air pollution. The variance is determined by
graphing the regression results versus the original data and
determining the linear fit to the data. The results are given in
Table IV. In the period 1970-1994, the air pollution index was
thought to account for 3.6 deaths/100,000/year from lung cancer
and 11.1 deaths/100,000/year from other types of cancer. For
the period 1950-1969, up to 5.9 deaths/100,000/year were from
cancer other than lung cancer. Without good information on
smoking rates by state for the first period, it is impossible to
provide a useful estimate of the contribution of air pollution to
lung cancer rates. Moreover, a significant fraction of lung cancer
rates in that period were due to exposure to asbestos such as at
shipyards (37). Thus, the non-lung cancer mortality rates may
have increased by 90% . However, the number of cancer deaths
per year increased by a factor of 1.58 between the two periods
(23), so that the total effect of air pollution was magnified by
that factor as well. The effect of air pollution in the second
period corresponds to 5%  of male cancer deaths and 3%  of
female cancer deaths.

Because these results were for 25- and 30-year periods, any
variations with time at smaller time scales are obscured. To
examine any trends, two sets of data for 5-year intervals were
studied: all excluding lung and lung cancer. The situation is
complicated because whereas male lung cancer mortality rates
increased from 60.79 deaths/100,000/year in the period 1970-
1974 to 73.05 between 1985-1990 and then declined, female
mortality rates increased from 12.80 deaths/100,000/year in the
period 1970-1974 to 33.43 deaths/100,000/year between 1990-
1994. These differences generally relate to increased smoking
by females after their doing so became socially acceptable. The

regression results are given in Table V. For males, the effect of
pH diminished with time, whereas the correlation with poverty
level in 1969 increased with time. The effect of Hispanic
heritage increased with time. For females, the effect of pH was
relatively unchanged for the three periods; the effect of alcohol
in 1970 was not apparent in the third period. 
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Table V. Regression results for lung cancer for various periods.

Gender Years Smoking pH Alcohol Hispanic Adjusted R2, F, p
(β, p) (β, p) (β, p) (β, p)

M 1950-1969 0.19, 0.14 –0.47, 0.001 0.36, 0.002 0.50, 17,*
1970-1974 0.41,* –0.46,* –0.07, 0.83 0.55, 21,*
1975-1979 0.53,* –0.39, 0.001 –0.15, 0.11 0.63, 28,*
1980-1984 0.56,* –0.35, 0.001 –0.26, 0.004 0.67, 33,*
1985-1989 0.64,* –0.24, 0.002 –0.31,* 0.69, 36,*
1990-1994 0.66,* –0.20, 0.04 –0.33,* 0.69, 37,*
1970-1994 0.61,* –0.31, 0.003 –0.24, 0.006 0.68, 35,*

F 1950-1969 0.23, 0.05 –0.42,* 0.28, 0.02 0.39, 0.001 0.52, 14,*
1970-1974 0.34, 0.005 –0.30, 0.009 0.28, 0.02 0.39, 0.001 0.52, 14,*
1980-1984 0.42, 0.001 –0.23, 0.06 0.28, 0.02 0.12, 0.32 0.44, 10,*
1990-1994 0.57,* –0.19, 0.14 0.04, 0.72 0.002, 0.98 0.40, 9.0,*
1970-1994 0.50,* –0.16, 0.21 0.17, 0.19 0.15, 0.21 0.38, 8.2,*

*p<0.001.

Table VI. Reports of cancer significantly correlated with ambient
pollution or occupational exposure, smoking, and PAHs.

Cancer Smoking Ambient Occupational PAHs
(Reference) pollution exposure 

(Reference)
(Reference) to PAHs

(Reference)

Bladder 40 41 42, 43 13
Breast 44 45 46 47
Cervical 40 48 49
Colon 50 51 52 53
Endometrial 54 55
Esophageal 40 56 57
Gastric 40 58
Laryngeal 40 59 42, 60, 61 62
Liver 40 42 21
Lung 40 10, 11, 63, 64 42, 58, 60 13
Nasopharyngeal 40
Oral 40 45 60
Ovarian 43
Pancreatic 40 58
Pharyngeal 40 45 60
Rectal 50 42 65
Renal 40 42, 43, 58
Skin 66 42 67, 68
Small bowel 50 67
Urothelial 69

Bold type indicates cancer linked to air pollution in this study.



Discussion

The results of this study are generally similar to those in the
previous multifactorial study (7). In the present work, factors
that were not statistically significant were generally removed
from the analysis. Thus, a few factors previously considered
significant for some types of cancer were no longer found to
be significant. Some of these would not have been
considered significant if the Bonferroni criterion (p<0.05/n,
where n is the number of factors) were invoked. More
importantly, UVB did not significantly correlate with any of
the types of respiratory cancer in this study but did for
laryngeal cancer in the previous study.

These results indicate that air pollution is an important
contributor to many types of cancer in the U.S., going well
beyond lung cancer. The likely mechanism linking ambient air
pollution to risk of cancer in this study is deposition of black
carbon aerosols with adsorbed PAHs in the respiratory system
(38, 39). PAHs have been correlated with nearly all the types
of cancer linked to air pollution in this study but not with
some linked to smoking and not to air pollution (Table VI).
For example, a PubMed search found no reports of ambient
air pollution as a risk factor for endometrial, gastric, ovarian,
pancreatic or renal cancer, in agreement with this work. 

The air pollution index directly correlated with endometrial
cancer mortality rates in the first period but not the second
one. From the cancer atlas maps (23), it appears that rates in
several states in the South – Alabama, Louisiana and Georgia
– decreased more rapidly than in most other states. Smoking
has been found to be inversely correlated with risk of
endometrial cancer in postmenopausal women but not
premenopausal women (54). Lung cancer rates for males but
not females increased dramatically in the South in the second
period. This study cannot determine whether there is any
difference between the effects of cigarette smoke and air
pollution on the risk of endometrial cancer.

Poverty increased the risk of lung cancer, had no effect on
other respiratory system cancers, but decreased the risk of the
digestive tract, elimination and female organs types of cancer.
In earlier decades, smoking was more common among those of
higher socioeconomic status (SES), changing to where now
those of lower SES are more likely to smoke. This change is
reflected in lung cancer mortality rate trends: rates were higher
for the highest SES for males until about 1980 and remained
highest for females through 1998 (70). Because smoking is a
significant risk factor for many types of cancer, those below the
poverty level would have had lower rates for smoking-related
cancer, as was generally found to be the case (Tables II and III).

California. The San Francisco Bay Area has several counties
with cancer mortality rates among the highest in the country
between1950–1969: including all, other oral cavity and
pharynx, esophagus, stomach, rectum, lung, female breast,

ovary cancer and non-Hodgkin’s lymphoma (23). Bladder
and kidney cancer and multiple myeloma mortality rates
were elevated compared with the rest of California. Kidney,
lung and stomach cancer were linked to residential exposure
to petroleum and chemical air emissions in that region (71).

Southern California is a region infamous for its smog
during the period 1950-1990 or so. However, by 1985, air
pollution in Los Angeles as measured by pH was intermediate
(4.8) between the northeast (4.2) and the northwest (5.3)
regions, whereas within 100 miles of Los Angeles, pH was
5.1 (National Atmospheric Deposition Program, 2008). Rates
were elevated in Los Angeles County for the period 1950-
1969 for the following types of cancer: all, other oral cavity
and pharynx, stomach, rectum, lung, female breast, ovary,
bladder, brain and non-Hodgkin’s lymphoma. These types of
cancer generally overlap those identified as correlated with
the air pollution index in this study.

Louisiana. Mortality rates for several types of cancer are higher
in southeast Louisiana than in surrounding regions. Effects are
most noticeable for several respiratory organ cancers: larynx,
lung, nasopharynx, and other oral and pharynx, as well as
cancer of several other organs, including bladder, kidney,
pancreas and other or unspecified cancer (23). Most of these
are cancer of the respiratory organ, which would implicate
industrial emissions to the atmosphere. Several other organs are
also involved. Some excessive cancer mortality rates in the
region are linked to hydrocarbon emissions from local
industries, followed by chlorination in the water purification
process to make the water safe for drinking (72-74). However,
the effects attributed to drinking water are limited to a small
region in and around Baton Rouge and New Orleans.

Vitamin D. Solar UVB through vitamin D production remains
one of most important factors affecting cancer rates. Although
UV irradiance entails the risk of developing skin cancer and
immune suppression, increasing vitamin D oral intake and
photoproduction appears to be the most cost-effective way to
reduce the burden of cancer in the U.S. (75, 76) and Europe
(77). A recent randomized controlled trial found a 77%
reduction in all-cancer incidence rates for those women taking
1,100 IU of vitamin D and 1,500 mg of calcium per day (78),
with about 35%  reduction attributed to vitamin D intake.

Summary and Conclusion

This work extends the analysis of the geographical variation
in cancer mortality rates in the United States, confirming the
effect of several factors considered in previous studies and
including air pollution. 

This study appears to be the first to link ambient air pollution
from fossil fuel combustion in the United States to the risk of
digestive tract and elimination organs and female reproductive
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organs. Although the results seem reasonable based on the
journal literature for occupational exposures, because this is an
ecological study, the findings should be investigated further
using other approaches. One way to do this is to measure PAHs
in urine and PAH–DNA adducts in lymphocytes, as has been
previously performed in Thailand (79, 80).
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