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I have dedicated much of my 30 year career in epidemiology and public health to evaluating the environmental and occupational determinants of human disease with one focus being cancer epidemiology. I report and comment for the President’s Cancer Panel on my work that assessed risk of cancer associated with Air Pollution (Lung and Breast Cancer) and Water pollution (Bladder, Rectal and Breast Cancer). I do not attempt a comprehensive review but highlight some of the findings and research issues regarding exposures to selected air and water pollutants that might inform policies and research priorities. I focus on tobacco smoke, environmental tobacco smoke (ETS), and particulate air pollution including traffic-related air pollution, Polychlorinated Bi-phenyls and Disinfection Byproducts. (1, 2-11). 
LUNG CANCER 
One of the first studies I undertook 30 years ago, examined the relationship of Air pollution and Lung cancer in a historically polluted geographic area of New York State utilizing a case-control design (2). Evaluation of the subgroup of Erie County, NY all-life residents offered the best assessment of risk associated with air pollution since this group was free from confounding due to air pollution exposure outside the study area. Risks associated with 50 or more years of exposure to high or medium air pollution for Erie County all-life residents approached two times the risk of those exposed less than 50 years. Age and smoking adjusted risks were significant and the OR was 1.69. This study suggested that exposure to air pollution in combination with smoking was synergistic. This was one of the first analytic studies with quantitative estimates of air pollution exposures based on lifetime residential history and estimates of exposure based on air monitors. With adjustment for confounders we estimated a 60% increase in risk with very long-term exposure to particulate pollution. Over the last 30 years many more studies have been done and reviews compiled concluding that exposure to air pollution is associated with an increased independent risk of lung cancer. Recent cohort studies estimate an 8-10% increase in risk for each 10 microgram per cubic meter of particulate air pollution exposure (17). A recent prospective study in Europe (1998-2005) estimated exposure to air pollution and environmental tobacco smoke (ETS) in 10 countries (18). Among never and ex-smokers the proportion of lung cancers attributed to air pollution was 5-7% and the proportion attributed to ETS was 16-24%(18).ETS and risk of lung cancer was comprehensively reviewed in the Surgeon General’s report and therefore is not commented on in this brief paper.
BREAST CANCER
The bulk of epidemiologic studies do not support an association between smoking and breast cancer risk (19). Ambrosone and Shields hypothesized that the antiestrogenic effects of smoking may override potential carcinogenic effect and that associations with smoking may only be noted among women who are less capable of detoxifying tobacco smoke carcinogens (19). In 1996, this author (Vena ) was part of the study team that published the first report of results from an investigation of potential modification of associations between smoking and breast cancer risk by genotypes for N-acetyltransferase 2 (20). Among postmenopausal women, NAT2 genotypes greatly modified the association of smoking with breast cancer risk. For slow acetylators, smoking 2, 10, and 20 years before the interview was associated with increased breast cancer risk in a dose-dependent manner, with more than a 4-fold increase in risk with smoking more than one pack of cigarettes per day 20 years before the interview. For rapid acetylators, there was a reduction in risk associated with smoking (20). Ambrosone et al. recently pooled data from 10 existing studies and also conducted a meta-analysis of 13 studies published from 1996 to October 2006(21).In the pooled analysis, there was a significant interaction between smoking, NAT2 genotype, and risk of breast cancer [pack-years (continuous variable, P interaction = 0.03)], with higher pack-years significantly associated with an increased risk of breast cancer among women with NAT2 slow genotypes (pooled analysis relative risk, 1.49; 95% confidence interval, 1.08-2.04). These findings were supported by the meta-analysis including all studies; pack-years were significantly associated with risk among slow acetylators in a dose-dependent fashion (meta-analysis relative risk, 1.44; 95% confidence interval, 1.23-1.68 for >20 pack-years versus never smokers), but not among rapid acetylators. Similar relationships were noted for smoking status (ever, never) and duration of smoking (21). Their results show that cigarette smoking is associated with an increased in breast cancer risk among women with NAT2 slow acetylation genotypes. Because slow NAT2 genotypes are present in 50% to 60% of Caucasian populations, smoking is likely to play an important role in breast cancer etiology. This also supports the biologic plausibility that susceptible women could also be at increased risk from environmental tobacco exposure, especially if exposed at critical ages.
Early life exposures, including exposure to PAHs, may have particular importance in the etiology of breast cancer (22). Early age at exposure to ionizing radiation, for example, confers increased risk of breast cancer when compared with later age at exposure (23, 24). In addition, several other established risk factors also indicate the importance of early life factors in the etiology of breast cancer. We conducted a population-based, case-control study of exposure to PAHs in early life in relation to the risk of breast cancer using TSP, a measure of ambient air pollution, as a proxy for PAHs exposure (25). We examined time periods that are thought to be critical exposure periods with regard to susceptibility to breast cancer: at the time of birth, at menarche, at the time when the participant first gave birth, and 20 and 10 years before interview. In postmenopausal women, exposure to high concentrations of TSP (>140 Mg/m3) at birth was associated with an adjusted odds ratio of 2.42 (95% confidence interval, 0.97-6.09) compared with exposure to low concentrations (<84 Mg/m3). However, in premenopausal women, where exposures were generally lower, the results were inconsistent with our hypothesis and in some instances were suggestive of a reduction in the risk of breast cancer. Our study suggests that exposure in early life to high levels of PAHs may increase the risk of postmenopausal breast cancer; however, other confounders related to geography could not be ruled out (25).
Traffic Emissions
Incidence of breast cancer is particularly high in the Northeastern US, an area with heavy industrial and traffic emissions. While some of the observed geographic differences in rates are likely to be related to differences in distribution of known reproductive risk factors investigators have been interested in identifying potential carcinogens in the environment, including compounds in air that may also contribute to the observed variation. Traffic emissions are the major source of air pollutions in urban areas, and they contain many potential carcinogens, e.g., polycyclic aromatic hydrocarbons (PAHs) and benzene. Using lifetime residential histories in our case-control study (26), exposure to traffic emissions was modeled for each woman using her residence as a proxy. Estimates were calculated for residence at menarche, her first birth, and 20 and 10 years before interview. Higher exposure to traffic emissions at the time of menarche was associated with increased risk of premenopausal breast cancer (OR 2.05, 95% CI 0.92–4.54, p for trend 0.03); and at the time of a woman’s first birth for postmenopausal breast cancer (OR 2.57, 95% CI 1.16–5.69, p for trend 0.19). Statistically significant associations were limited to lifetime non-smokers; there was a significant interaction between exposure at time of menarche and smoking for premenopausal women. Our findings add to accumulating evidence that early life exposures impact breast cancer risk and provide indication of potential importance of traffic emissions in risk of breast cancer.  Perry et al. 2008, have commented that these findings are consistent with a growing body of

evidence that traffic emissions contain particles that have significant estrogenic activity (27). Inhalation of such particles is more significant than ingesting similar compounds due to the fact that inhalation allows a direct entry into the systemic circulation thus bypassing hepatic metabolism. Perry recently investigated the relationship between mammographic density, which is a reliable predictor of breast cancer risk (27) and area of residence (unpublished data). London residents had significantly higher levels of density (OR = 1.32, 95% CI 1.04–1.70, p = 0.02). The major difference occurred in the age group 45–54 and was most strongly manifested as a higher rate in London for density of 25% or more as compared to almost entirely fatty (OR = 2.22, 95% CI 1.05–4.68, p = 0.035).
Environmental Tobacco Smoke

Exposure to secondhand smoke (SHS) during childhood may be one such exposure. As part of our WEB Study (Western New York Exposures and Breast Cancer Study) (28), participants were queried regarding household and workplace SHS exposure. Person-years of lifetime cumulative SHS exposure were computed as well as cumulative exposure up to 21 years of age. 

Lifetime cumulative exposure to household SHS was not associated with an increase in breast cancer risk for premenopausal (OR = 1.17, 95% CI = 0.54–2.56) or postmenopausal (OR = 1.29; 95% CI = 0.82–2.01) women. Neither was risk increased among women exposed to SHS before the age of 21 or at the time of birth, menarche, or a women’s first birth. In this study, exposure to SHS either in adult or early life does not appear to be associated with the risk of breast cancer. However, The California Environmental Protection Agency (Cal/EPA) recently completed a health effects assessment of exposure to environmental tobacco smoke (ETS). They concluded that the data indicated an association between ETS and breast cancer in younger primarily premenopausal women (26). Thirteen of 14 studies (10 case–control and four cohort) that allowed analysis by menopausal status reported elevated risk estimates for breast cancer in premenopausal women, seven of which were statistically significant. Our meta-analyses indicated elevated summary relative risks ranging from OR 1.68 (95% C.I. 1.31, 2.15) for all 14 studies to 2.20 (95% C.I. 1.69, 2.87) for those with the best exposure assessment. Our study (28) was not included in the review because they only included studies published up to early 2005.

Persistent Organic Pollutants (POPs)
Breast cancer risk and exposure to persistent organic pollutants (POPs) such as Polychlorinated Biphenyls (PCBs) has been extensively investigated. I report briefly here on our work investigating PCBs and gene interactions and risk of breast cancer (30) and sport-caught fish, an exposure source for a mix of POPs, as a risk factor for breast cancer.  

We were interested in determining whether genotype would relate to risk when PCB body burden was taken into account. In a subset of a case-control study in western New York, serum levels of 56 PCB peaks were determined by high resolution gas chromatography with electron capture. PCR-RFLP analyses of the CYP1A1 polymorphism were performed. Among women with serum PCB levels above the median of the distribution in the control group, there was increased risk of breast cancer associated with the presence of at least one valine allele, compared with women who were homozygous for the isoleucine alleles (odds ratio, 2.93; 95% confidence interval, 1.17-7.36). Among women with low PCB body burden, no association between CYP1A1 genotype and breast cancer risk was observed. We concluded that PCB body burden may modify the effect of the polymorphism on postmenopausal breast cancer risk through increased CYP1A1 enzyme induction or by activation by specific PCB congeners (30). Based on a relatively small number of studies since that time, the evidence to date generally supports an association between breast cancer and polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) in conjunction with certain genetic polymorphisms involved in carcinogen activation and steroid hormone metabolism (21). At this time, several studies suggest that specific PCBs may be associated with breast cancer, a conclusion that has some biological plausibility (31).There have been some studies of the potential role of genetic polymorphisms in breast cancer risks related to PCBs including our own, and it is possible that certain subgroups in the population may be more susceptible to the effects of these environmental exposures. In addition, the potential for interactions between PCBs and other exposures remains unexplored.
In addition to the studies of POPs, a report by McElroy and colleagues found increased breast cancer risk among premenopausal women who consumed Great Lakes sport fish (RR = 1.70; 95% CI = 1.16-2.50); risk was not increased in postmenopausal women (RR= 0.78; 95% CI = 0.57-1.07) (32).
We matched the 17,110 NYSACs cohort records against 2,584,968 New York State Cancer Registry matching elements.  A total of 216 cohort members matched to the Registry with tumors diagnosed since 1992 to 1999, eight of whom had been reported with multiple tumors.. Despite the relatively short follow-up and the young age of the cohort, we did have sufficient number of cases for some preliminary analyses with all cancers combined, thyroid cancer, and breast cancer. For all cancers combined, we observed that the relative odds was 1.44 (1.05-1.99) times higher among those who reported ever eating Lake Ontario fish compared with those who never ate Lake Ontario fish after adjusting for sex and age at enrollment. The incidence of breast cancer was also elevated among female Lake Ontario fish consumers compared with non-consumers (OR = 2.22; 95% CI = 1.05-4.68). We anticipate that with 17 years of follow-up in the entire NYSACS (nine additional years with our research currently underway for cancer endpoints), and with the greater average age of the cohort, that the incidence rates for a number of cancers likely will be more stable and thus provide a sufficient number of events to conduct analyses for the most commonly occurring cancers.
Water Disinfection By-products (DBP) and Rectal and Bladder Cancer
Dr. Cantor at this panel meeting will present a review of cancer epidemiology related to DBPs and other water pollution exposures. Therefore I will only briefly highlight recent work on rectal and bladder cancer (15,16). Levels of byproducts that result from the disinfection of drinking water vary within a water distribution system. This prompted us to question whether the risk for rectal cancer also varies, depending upon one's long term geographic location within the system (15). Using a combination of case control methodology and spatial analysis, the spatial patterns of THMs and individual measures of tap water consumption provide estimates of the effects of ingestion of specific amounts of some DBPs on rectal cancer risk. Trihalomethane levels varied spatially within the county; although risk for rectal cancer did not increase with total level of trihalomethanes, increasing levels of the component bromoform (measured in ug/day) did correspond with an increase in odds ratios (OR = 1.85; 95% CI = 1.25 – 2.74) for rectal cancer. The highest quartiles of estimated consumption of bromoform (1.69–15.43 ug/day) led to increased risk for rectal cancer (OR = 2.32; 95% CI = 1.22–4.39). Two other THMs were marginally associated with an increase in risk – chlorodibromomethane (OR = 1.78, 95% CI = 1.00–3.19) and bromodichloromethane (OR = 1.15; 95% CI = 1.00–1.32). Levels of THMs in the water distribution system exhibited spatial variation that was partially due to variation in water age. We also observed a geographic pattern of increased risk of rectal cancer in areas with the highest levels of bromoform in the county (15).

Vena et al. 1993, uncovered associations between increased total intake of fluids and risk for urinary bladder cancer which found increased risk with higher intake of tap water (33). This study had an estimate of tap water consumption but did not model estimated exposure to specific DBPs. We then planned to use DBP data made recently available to refine the tap water exposure estimate for a geographic subset of data from the previous study of tap water intake and cancer risk with estimated exposure doses to disinfection by-products based on residence location (16). We examined the relation between the estimated concentrations in drinking water of disinfectant by-product trihalomethanes (THMs) and the risk for urinary bladder cancer in a case control study of 567 white males ages thirty-five to ninety years in western New York State.  Higher estimated levels of consumption of THMs led to increased risk for cancer of the urinary bladder (Total 551 (a composite measure of THMs) OR = 2.34, 95 % CI = 1.01-3.66). Results were most significant for Bromoform (OR = 3.05, 95 % CI = 1.51-5.69), and risk was highest (OR = 5.85, 95% CI = 1.93-17.46) for those who consumed the greatest amount of water at points within the distribution system with the oldest post-disinfection tap water. Although results of specific studies of consumption of disinfected drinking water and cancer risks are mixed, this may be largely related to the difficulty of exposure assessment and sometimes simplified estimates of very complex and difficult-to-estimate exposure variables and/or a wide range of possible exposure scenarios (dermal, inhalation, direct consumption). 
Conclusion

Studies of low level exposure to carcinogens over long periods of time and their relation to risk of cancer are fraught with methodological challenges that limit our ability to estimate risks with precision especially if the risks are below 2. None-the-less the accumulated epidemiologic evidence to date combined with other supporting evidence supports the conclusion that a significant percentage of the burden of several cancers exposure can be attributed to exposures to air and water pollution. Limiting our reliance on hydrocarbon fuels for energy and transportation appears to be a prudent and important goal. National smoke free legislation is needed. Control of discharge of POPs should continue as a priority.
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