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In 2010, the World Health Organization issued the Asturias Declaration — a call for the primary prevention of
environmental and occupational contributors to cancers. The Declaration called for countries around the world
to undertake a range of actions to prevent cancer caused by chemicals across their lifecycle—from extractive
operations to manufacturing, to product use and end of life/disposal. Ten years later, a broad array of
stakeholders participating in the Cancer and Environment Network of Southwestern Pennsylvania has led the
development of a regional Declaration focused on preventing environmentally-mediated cancers “...to chart a
course towards an equitable future where no individual in our region is diagnosed with cancer due to
exposures in the environments where they live, work, play and go to school.” The purpose of this document is
to provide additional information about the scientific evidence which underlies the Declaration. View the
Declaration at: https://censwpa.org/join-us/

l. Trends in environmentally-mediated cancers

Cancer remains a devastating health crisis nearly fifty years after President Nixon’s declared a “War on
Cancer”. In the U.S., people with cancer are living longer, thanks to improved treatment and earlier detection.
Overall, cancer rates nationally are declining (1). Particularly striking are the declines in cancer rates resulting
from changes in behaviors such as smoking; for example, lung cancer incidence rates in men. Reductions in
smoking rates have occurred because of an array of activities, including actions by employers, government
agencies, researchers, clinicians, advocates, community organizations and individuals, among others—
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The rates of new cases of
many types of cancer
continue to increase,
however. Breast cancer,
multiple myeloma, non-
Hodgkin lymphoma, thyroid : o
and testicular cancer are 5R3355R83¢
among the cancer types that
have risen dramatically since
national surveillance for
cancer began in 1975 (2). Common risk factors that are the primary focus of cancer prevention and control
programs, such as smoking, poor diet, alcoholic beverage use and lack of exercise, cannot fully explain the
rising trends in these cancer types. In addition, although most cancers occur later in life, rates of cancers
among children and adolescents/young adults are also increasing (Figure 1) (2)(3).

1S}
S

iy
«

2005
2008
2011
2014
2017
975
978
981
984
987
990
993
996
999
02
2005
2008
2011
2014
2017

Source: National Cancer Institute - Surveillance Epidemiologic End Results Program, Delay-Adjusted Incidence Rates Per 100,000, 1975-2018



https://www.who.int/phe/news/events/international_conference/Call_for_action_en.pdf

Table 1: Are incidence rates of environmentally-sensitive cancers elevated in the counties of Southwest Pennsylvania?
Comparisons of Observed versus Expected Incident Cases of Selected Cancer Types for the period 2014-2018.
Allegheny Beaver
uUs PA uUs PA
M F Fl ™ F M F

Bladder +18% | +35% | -5% +7% N +41% | +39% | +14% | +10%

Breast - +11% +5% - +10% | - +4%

Kidney +7% | +10% | -4% 0% -5% +9% | -15% | 0%

Lung/Bronchus +29% | +39% | +2% | +15% | +44% | 25% 13% +3%

Leukemia +17% | +11% | +9% | +7% +22% | -8% +14% | -11%

Thyroid +47% | +21% | +20% | +4% | +31% | +42% | +7% +22%

Childhood Cancer* -6% -29% -12% +32% | -28% +10%

Butler Fayette
us PA us PA
M F M F M F M F

Bladder +11% | +30% | -10% | +3% | +14% | +6% | -6% -16%

Breast - +10% | - -1% - +47% - -1%

Kidney +8% | +13% | 3% +4% | +9% | +30% | -2% +19%

Lung/Bronchus +22% | +14% | -4% -5% +57% | +35% | +24% | +12%

Leukemia +17% | +19% | +10% | +15% | +3% +26% | -4% +22%

Thyroid +76% | +26% | +44% | +9% | +6% | +30% | 13% | +12%

Childhood Cancer* -30% | -12% -27% -45% | -46% -53%

Greene Washington Westmoreland
us PA us PA us PA
M F F M F M M F M F

Bladder +24% | +8% | +2% 4% | +32% | +22% | +8% | -3% +27 +48% | +4% | +17%
Breast - +5% - 0% - +8% - +3% - +13% - +7%
Kidney +8% | +19% | 2% +9% | +16% | +46% | +4% | +33% ) +5% | +12% | -6% +3%
Lung/Bronchus +57% | +26% | +25% | +4% | +42% | +33% | +12% | +10% | +22% | +19% | -4% -1%
Leukemia +17% | +8% | +11% | +5% +31% | +10% | +23% | +7% +15% | 0% +8% | -3%
Thyroid +24% | 1% +1% -23% | +21% | +36% | 1% +17% | +8% | +41% | -12% | +22%
Childhood Cancer* +83% | +83% +94% +8% | +35% +28% +6% | +44% +32%
Notes: Calculated as Standardized Incidence Ratios as derived from US and PA cancer incidence rates for a given county
and shown as the % above or below expected cases. Red denotes statistically significant elevations or decrements.
*Ages 0-19.
Data sources: (a) Surveillance Research Program, National Cancer Institute. SEER*Explorer: An interactive website for
SEER cancer statistics. (b) Pennsylvania Department of Health. Enterprise Data Dissemination Exchange.

In seven Southwestern Pennsylvania counties, incidence
rates for six types of cancer that have strong links to toxic
chemicals (bladder, breast, kidney, lung, leukemia and

thyroid) are elevated, sometimes by more than 50%

compared with national rates (Table 1). The statistically

Figure 2. Age Adjusted Lung Cancer Incidence Rates
by Gender and Race, Allegheny County 1990-2018

significant elevation of childhood cancer (ages 0-19) in
Greene and Westmoreland counties are particularly striking,
although a non-statistically significant elevation is also
observed in Washington county. For lung cancer, racial
disparities are also apparent. Both black men and black
women in Allegheny county have higher rates of lung
cancer than white men and women (Figure 2).

Although some types of cancer in Table 1—including lung,
bladder as well as some types of leukemia—are strongly
linked to exposure to tobacco smoke, recent analyses
suggest that progress in reducing rates will require more
than smoking cessation activities. These analyses conclude
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that if Allegheny County were to have succeeded in eliminating smoking twenty years ago, incidence in lung
cancer would have declined by 11%, a substantial reduction but far less than the average decline of 62% in
other US counties, suggesting that other important risk factors for lung cancer are prevalent in the region
(4)(5).

l. The contribution of environmental chemicals to cancers

Many cancer prevention resources and public health policies focus on so-called “lifestyle” causes of cancer,
notably tobacco smoke, poor diet, alcohol and excess exposure to UV radiation. In contrast, cancer prevention
strategies are often silent about causes from exposures to toxic chemicals where people live, work and play.
Science suggests that the contribution of environmental chemicals to cancer—and opportunities for preventing
cancers by reducing exposures—should not be ignored.

Cancers are now understood to develop through a multi-stage process in which multiple risk factors play a
role. Cancers occur when damaged cells start to proliferate in an uncontrolled fashion and accumulate, over
time. There are eight identified “cancer hallmarks,” or specific biologic changes that need to happen for cancer
to develop (6) (7). For many decades we have recognized toxic chemicals that bind to DNA and cause
mutations — one of the cancer hallmarks — as carcinogens. However, we now understand that chemicals can
also act to cause or contribute to cancer development in other ways. Environmental chemicals that can
promote cell proliferation; change gene expression; alter signaling networks within and among cells, tissues
and organ systems; or influence metabolism or immune responses are now recognized as important
mechanisms of cancer causation because they can impact cancer halimarks, directly or indirectly.

There has been debate over many years about the importance of environmental chemicals are as risk factors
for cancer, and unfortunately, there is still a great deal of uncertainty about this question. In the federal
government’s “War on Cancer”, very little research money has been spent to address this knowledge gap.
The 2010 President’s Cancer Panel evaluated the evidence on environmental chemicals and cancer, and
concluded: “the true burden of environmentally induced cancer has been grossly underestimated”(8).

One important implication of the fact that cancers arise through a multi-stage process is that it makes little
sense to try to attribute (or “blame”)
any case of cancer to a single
cause. To see why this is important,
consider the “pie” in Figure 3, which
represents what epidemiologists
call the Sufficient-Component
Cause model for disease causation
(9). Any measure which prevents
the pie from being complete wiill
prevent the disease from occurring.
Thus, there will be multiple ways to
prevent any cancer, including
reducing exposures to one or more
environmental chemicals. With current knowledge, it is impossible to know how the component causes for a
specific cancer play out in a given individual and whether exposure to environmental chemicals are or are not
components that complete the pie. But to be precautionary, we should do the best we can do to minimize
exposure to all carcinogens wherever possible.

Figure 3: The Sufficient-Component Cause Model

* Slices A-E represent component causes of
cancer.

* Whenslices A-E are present, there is
sufficient cause for the cancer.

* If we can just prevent one component
cause from occurring, slice A, we can
prevent cancer.

Adapted from Rothman KJ. Epidemiology— An Introduction. Oxford: Oxford University Press; 2002,

Recent science concludes that more environmental chemicals than previously understood contribute to
cancer. The Halifax Project, an exhaustive effort by multiple scientists over several years, concluded that
dozens of endocrine disrupting chemicals considered non-carcinogens because they do not, in and of
themselves, cause cancer, can interfere with cancer hallmarks at environmentally relevant levels of exposure



(10). Thus, although these chemicals will give negative results when tested in standard rodent cancer assays,
they may nonetheless contribute to the development of cancers by influencing individual cancer hallmarks —
contributing one piece to an aimost complete pie.

In addition, we now know that cancer risk from environmental exposures is influenced not only by the chemical
substance, but also by the timing of the exposure. Exposure to toxicants during periods of rapid growth and
cell differentiation — from fetal life through puberty — increases risk of cancers later in life. For example,
childhood cancers are linked with parental exposures to pesticides prior to conception, in utero exposures and
direct exposures during childhood (11). A recent study demonstrates that girls exposed to elevated levels of
the pesticide dichlorodiphenyltrichloroethane (DDT) before puberty—when mammary cells are more
susceptible to the carcinogenic effects of hormones, chemicals and radiation—are five times more likely to
develop breast cancer when they reach middle age (12).

Finally, even if exposure to any one pollutant poses a small increased risk of cancer to an individual, if
exposures to that pollutant are widespread and occur in most people, even small increases in individual risk
can result in substantial numbers of cases in the population. The more a population is exposed, the greater the
number of cases of cancer that can be prevented by reducing those exposures.

This evidence—that environmental chemicals are among the risk factors that contribute to the cascade of
events that cause a case of cancer; that many more chemicals than previously understood may contribute to
cancer, even if they are not “complete carcinogens;” that timing matters and it is impossible to ensure that an
individual would not be exposed during times of vulnerability—is the foundation for initiatives across multiple
sectors to reduce and ultimately eliminate environmental carcinogens. Science is also informing the
development of safer materials and technologies, as discussed in Section V.

Il Priority environmental chemicals: State of the evidence and connections to

Southwestern Pennsylvania

The sections below provide a brief overview of the state of the science regarding environmental chemical risk
factors for cancer, including pollutants in air and water, pesticides, and contaminants in consumer products.
Also reviewed are sources of exposure in Southwestern Pennsylvania that are of particular concern given wide-
spread exposures and disproportionate impacts on marginalized and vulnerable communities.

The evidence is clear: there are dozens of known and suspected environmental risk factors for cancer. This
evidence is based on evaluations of the science from authoritative sources, including the World Health
Organization’s International Agency for Research on Cancer (IARC) and the U.S. National Toxicology Program
(NTP). These institutions convene panels of scientific experts to evaluate the carcinogenicity of a given agent to
humans based on the current state of the evidence. Meta-analyses and systematic reviews — analyses that
pool data and synthesize findings across multiple studies — can also reveal important connections between
environmental exposures and cancer. These analyses are useful sources of evidence, especially given that it
may take decades for the science associated with a specific substance to be reviewed by IARC or NTP.
Although toxicological studies and individual epidemiologic studies are never enough to definitively prove
causation in humans, such studies are supportive of precautionary attention and action.

Air pollution

Decades of research has established that air pollution is a known cause of cancer. Major sources of outdoor
air pollutants include industrial facilities and motor vehicles. In addition to air pollution being classified as a
human carcinogen by the IARC, there are dozens of chemicals in the air pollution mixture and/or exposure
circumstances that are known to cause or suspected of causing cancer (13).



The U.S. Environmental Protection Agency (EPA) has identified 71 cancer causing air pollutants which are
regulated under the Clean Air Act as Hazardous Air Pollutants (HAPs). Table 2 outlines a short list of
carcinogenic air pollutants as reviewed by IARC.

Table 2. Examples of known or suspected carcinogens found in air pollution (not comprehensive)
e Acetaldehyde e (Cobalt e Nickel compounds
e  Arsenic compounds e Diesel exhaust Perchloroethylene
e Asbestos e Dioxins e Radon
e  1,3-butadiene e Fine particulate matter e Soot [polyaromatic
e Benzene (PM,.5) hydrocarbons (PAHSs)]
e  Cadmium and compounds e Formaldehyde e Styrene
e  Carbon tetrachloride e Hexavalent chromium e Trichloroethylene
e  Coke production e lIron and steel founding
Source: IARC List Classifications. https://monographs.iarc.who.int/agents-classified-by-the-iarc/

Exposure to air pollution indoors often exceeds outdoor levels because air pollutants tend to concentrate in
confined spaces where ventilation is poor, and there are indoor sources as well. Furthermore Americans
spend an estimated 87% of their time inside (14) (15). Sources of exposure in indoor environments include
outdoor air pollution that infiltrates indoors and contaminants in building materials, such as formaldehyde in
pressed wood products or flame retardant chemicals that are used on upholstered furniture and mattresses
(16). Chemicals that can volatilize from polluted soil or water from industrial or agricultural activity or from the
leaching of hazardous waste sites can also be a source of indoor air pollution (16). Radon, a natural occurring
substance, is a carcinogen found in indoor air that is of particular concern in many areas of the country (17).
Inadequate ventilation can magnify indoor pollutant levels by not bringing in enough outdoor air to dilute
emissions from indoor sources and by not carrying indoor air pollutants out of the building space.

Over the last decade, several meta-analyses and systematic reviews have provided evidence that air pollution
is a risk factor of concern for childhood leukemias (18) (19). Research has focused primarily on children
exposed to traffic-related air pollution in which a number of carcinogens are released in the exhaust of
motorized vehicles. These include 1,3-butadiene, benzene, formaldehyde and fine particulate matter (PM.s),
among others. Children exposed during their first years of life appear to be particularly at risk (18) (19).

Air pollution: Risks in Southwest Pennsylvania

Data from the U.S, EPA’s 2014 National Air Toxics Assessment (NATA) suggest that high-risk exposures to air
pollution are common in Southwest Pennsylvania and could contribute substantially to cancer risks, especially
in Allegheny County. Across the region, nearly all of the cancer risk from air pollution comes from a handful of
pollutants: formaldehyde, coke oven emissions (which includes a mixture of toxicants), benzene, carbon
tetrachloride, acetaldehyde, naphthalene, hexavalent chromium and 1,3-butadiene (20). Estimated average
cancer risk from exposure to HAPs and diesel particulate in the County exceeds 100 cases per million (20).
This ranks Allegheny County in the worst 4% of counties nationwide. The risk is likely to be even higher when
accounting for impacts from PM. s, a pollutant not included in the NATA data. When considering specific
sources of air pollution, Allegheny County ranks among the worst 1% of counties nationwide for cancer risks
from industrial point sources, such as manufacturing facilities (20). Nearly 90% of the point source cancer risk
estimated in Nearly 90% of the point source cancer risk estimated in Allegheny County is attributable to coke
oven emissions, with ~90% of those emissions from the Clairton facility (20). Vehicle emissions are also
problematic in Allegheny County, ranking among the worst 7% of all counties nationally (20).

NATA data also reveal disparities in cancer risk experienced by environmental justice communities (defined as
those census tracts in which 20% or more of individuals live at or below the federal poverty line and/or 30% or
more of the population identifying as a non-white minority in a given census tract (20)). Estimated cancer risks
from HAPs and diesel particulate matter were 26% greater among those living in environmental justice
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communities versus non-environmental justice communities (20). A principal driver of the cancer risk in
environmental justice communities is coke oven emissions as well as HAPs from mobile sources including
benzene, 1,3-butadiene and naphthalene (20).

There are numerous facilities in Allegheny County that release carcinogenic air pollutants. Recently, Penn
Environment updated its “Toxic Ten” report. Data available through EPA’s Toxic Release Inventory were
analyzed and facilities were ranked based on the overall toxicity of their emissions using EPA’s Risk-Screening
Environmental Indicators (RSEl) Hazard model. The ten most toxic facilities in the County all release
carcinogens. Table 3 lists these facilities and their respective carcinogenic emissions.

Table 3: Carcinogenic Emissions from Penn Environment’s 2019 “Toxic 10”

Facility by TOXICITY rank Carcinogenic Air Releases (TR, 2010)

1. ATI Flat Rolled Products Holdings LLC Chromium Compounds, Cobalt Compounds, Lead Compounds, Nickel
Compounds

2. Harsco Metals Chromium Compounds, Lead Compounds, Nickel Compounds

3. U.S. Steel Clairton Coke Works Benzene, Ethylbenzene, Lead Compounds, Naphthalene, Polycyclic
Aromatic Compounds, Pyridine, Styrene

4. Universal Stainless and Alloy Products Chromium, Lead, Nickel

5. Thermal Transfer Corp. Chromium, nickel

6. Holtec Manufacturing Chromium, Lead, Nickel

7. Cheswick Power Plant Dioxin and Dioxin-Like Compounds, Lead Compounds

8. USS Mon Valley Works - Edgar Thomson Plant | Benzene, Beryllium Compounds, Chromium Compounds, Lead
Compounds, Nickel Compounds

9. Carpenter Powder Products, Inc. Chromium, Cobalt, Nickel

10. PPG Industries Inc. — Springdale Complex Chromium Compounds, Cobalt Compounds, Cumene, Ethylbenzene,

Methyl Isobutyl Ketone, Naphthalene, Nickel Compounds, Styrene

Note — only hexavalent chromium is a carcinogen, however it is unclear what type of chromium is being released by these facilities
as only “chromium” or “chromium compounds” was reported.

Source: Penn Environment. 2019. Toxic Ten. Available at: https://toxicten.org/

Over the last two decades, the emergence of Unconventional Natural Gas Development (UNGD) in the
Southwest Pennsylvania region has created additional sources of concern for carcinogenic air pollution. UNDG
includes the processes of extracting, processing and transporting of natural gas, using well pads, compressor
stations, condensate tanks, process plants and many other pieces of infrastructure. Air pollution associated
with fracking, flaring and vehicle emissions is significant. Among the 200+ air pollutants that have been
measured in association with UNGD activities, nearly two dozen are considered known or suspected
carcinogens as listed in Table 4 (21) (22). Although the UNGD industry in Pennsylvania is required to report
yearly emissions of just 13 compounds,

carcinogens are among the compounds Table 4. Known or suspected carcinogens found as air pollutants in
reported, including emissions of association with UNGD activities
benzene, PM, s, formaldehyde and ®  Acetaldehyde e  Fine particulate matter
ethylbenzene (23). A recent pilot-level o saleniie (PM.5)
study found carcinogenic chemicals * 13butadiene * Formaldehyde
known to be associated with UNGD * Benzene . ° :“de”°(1'2r3‘Cd)Pyre”e
activities in the air (as measured through * E‘;rbo” eiae dloricle : E;Fge”e
the use of personal air monitors) and in : c ;:Seenze v Nesthalene
the urine of families residing near UNGD " P

. . . e Dibenz(a,h)anthracene e Radon
operations in Southwest Pennsylvania .

ies (24). Gi h , e Diesel exhaust e  Styrene
cpuntles (24). Given that cancer is a e Ethylbenzene e Tetrachloroethylene
disease of long latency, cancer effects
associated with exposure to Source: Elliott EG, et al. Sci Total Environ. 2017;576:138-147

carcinogens from UNGD activities still
unknown. However, studies outside of Pennsylvania are beginning to show associations between UNGD



activities and childhood leukemias (25). Exposures of concern include not just air pollutants, but also drinking
water contamination associated with UNGD activities.

Radon is a naturally occurring radioactive gas that can enter buildings from the surrounding soil or from
underground water wells. As with other indoor air pollutants, radon levels can concentrate when ventilation
systems are insufficient. Despite availability of effective mitigation systems for radon, the PA Department of
Environmental Protection estimates that 40% of homes in the state have elevated radon levels (17). Radon
levels in Southwest Pennsylvania schools are also of concern, but testing has been limited (26).

Water pollution

Many water pollutants can increase cancer risk (Table 5). Exposure to these pollutants can occur by drinking
contaminated water, bathing, showering and/or swimming.

One major water pollutant that increases cancer risk comes from disinfection processes in place to prevent
other diseases. Disinfecting public water supplies with chlorine reduces illness and death associated with
waterborne microbes. However, when chlorine

interacts with organic compounds often found in Table 5. Known or suspected carcinogens found as drinking

surface water, hundreds of different chemical water contaminants

mixtures—called disinfection byproducts—can ® Arsenic

form. In experimental animal studies, several ® Benzene

disinfection byproducts were found to cause e  Chlorinated solvents (e.g., trichloroethylene,

perchloroethyene)

Disinfection by-products
Perfluorooctanoic acid (PFOA)
Perfluorooctanesulfonic acid (PFOS)

cancer, including chloroform, other
trihalomethanes, and some haloacetic acids (27).
Evidence suggests that long-term exposure to

disinfection byproducts in drinking water e  Radioactive nuclides, e.g., radium and radon

increases the risk of bladder cancer and possibly Sources: (a) Cantor KP, et al. Water contaminants. In Cancer

colon, rectal and esophageal cancers (27). Given | gpidemiology and Prevention. 4" Ed. 2017; (b) Hu XC, Andrews DQ,
the large number of people who receive their Lindstrom AB, et al. Environ Sci Technol Lett. 2016 Oct 11;3(10):344-50.

water from public drinking water systems, even a
modest elevation in cancer risk from disinfection byproducts can have a significant impact on public health.

Additional carcinogens of concern in drinking water include inorganic arsenic, radionuclides and a variety of
contaminants from hazardous waste sites as well as industrial, agricultural, commercial uses. Exposure to
arsenic in drinking water is an established cause of cancer (27). Some areas of the U.S. have high levels of
arsenic in private well water because the inorganic chemical occurs naturally in ground water sources (27).
Other sources include past use of arsenical pesticides, as well as mining/ore processing and various industrial
activities. Cancer risks associated with water contamination from UNDG activities have been reported. For
example, studies have revealed that exposing human cells to waste water from Marcellus shale fracking
operations can induce malignant transformations (28).

Radium, which can be found in drinking water from both natural sources and contamination from industrial
activities, behaves chemically like calcium and, therefore, deposits in significant quantities in bone mineral,
where it is retained. IARC classifies radium-224, -226, and -228 as known carcinogens of the bone (29). Public
and private water supplies can be also contaminated by a range of pollutants that come from industrial,
commercial and domestic sources. Studies of water contamination by solvents (e.g., benzene,
trichloroethylene, perchloroethylene), heavy metals (e.g., hexavalent chromium), chlorophenaols, and agricultural
chemicals (e.g., pesticides and nitrates) have observed elevated risks of several types of cancer (27).

Over the last 15 years, evidence has emerged linking the ubiquitous compounds, per- and poly-fluoroalkyl
substances (PFAS) with cancer. These chemicals are used in an extensive array of applications and products
as they are highly effective at providing water, stain and oil resistance. Epidemiologic studies link specific PFAS



— perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) — with kidney and testicular cancers
(80). Even though these particular PFAS are no longer produced in the U.S., they are extremely persistent in
the environment and thus continued exposure is of concern. Based on monitoring data, harmful levels of PFAS
have been detected in the public drinking water supplies of over 16 million people across 33 states (31). More
recent analyses suggest more widespread contamination (32).

Water pollution: Risks in Southwest Pennsylvania

In the Southwest Pennsylvania region, public drinking water systems are routinely contaminated by disinfection
by-products, which are suspected carcinogens. As part of a national study of public drinking water systems
(2012-2017) the Pittsburgh Water and Sewer Authority reported 16.8 parts per million of
bromodichloromethane, a disinfection by-product (33) (34). This concentration of a suspected carcinogen was
nearly three times higher than the national average of 5.7 parts per billion (ppb) and double the state average of
8.34 ppb (31). Additional disinfection by-products with suspected carcinogenic properties, such as chloroform,
were also detected, as was hexavalent chromium. Water contaminants from power plants as well as UNDG
operations contribute to the formation of these disinfection by-products (35) (36) (37). Despite these cancer
risks, there are no federal (or state) legal limits for an array of disinfection by-products in drinking water.

Populations served by private wells, especially those living near UNDG operations, have experienced drinking
water contamination. According to the Pennsylvania Department of Environmental Protection, there have been
over 300 confirmed reports of private drinking water wells impacted by UNDG operations in the state, including
numerous reports in Southwest Pennsylvania counties (38).

Dozens of pollutants—including carcinogens—associated with UNDG activities have been identified in surface
and groundwater serving private and public water systems in Western Pennsylvania (22) (39). There have been
few attempts to study links between these exposures and cancers, in part because of long latency periods
between exposure and the development of cancer. The apparent clustering of osteosarcoma and leukemia
among children in the Southwestern Pennsylvania counties of Washington and Westmoreland — currently the
focus of a study by the University of Pittsburgh researchers — is of significant concern, especially given known
associations between these types of cancers and substances associated with UNDG activities such as radium
(bone) and benzene (leukemia) (29).

PFAS contaminated drinking water is still another issue in Pennsylvania. The Pennsylvania Department of
Environmental Protection recently released a report documenting PFAS contamination across hundreds of
sites (40). PFOS and PFOA, the two PFAS linked with cancer, were detected at over 20% of sites (40).
Although minimal testing has been conducted in Southwest Pennsylvania counties, completed tests suggest
less significant impacts than in other parts of the state (41). Counties most heavily impacted by PFAS
contamination include those with former military bases and airports that used a PFAS-containing product
called aqueous film forming foam (AFFF) to fight fuel fires (or for fire-fighting training exercises).

Pesticides Table 6. Examples of known or suspected carcinogens currently
registered for use as pesticides in the US by EPA

Pesticides are routinely used by migrant farm e 24D e  Glyphosate

workers, landscapers, maintenance workers e  Diazinon e Lindane*

as well as individuals for use in homes and e Dichlorvos e  Malathion

gardens. Not all pesticides can cause the e  Heptachlor* e  Parathion

same types of cancer. For example, studies e  Ethylene dibromide *  Pentachlorophenol*

support links between non-Hodgkin *  Formaldehyde ® _ Toxaphene

lymphoma and glyphosate (a.k.a. Roundup), *restricted uses. Source: IARC List Classifications.
https://monographs.iarc.who.int/agents-classified-by-the-iarc/

prostate cancer and non-Hodgkin lymphoma
with malathion, and non-Hodgkin lymphoma and lung cancer with diazinon (42). As shown in Table 6,
numerous pesticides that are still registered for use in the U.S. are considered known or suspected
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carcinogens. Others, such as DDT, dieldrin and similar chlorinated pesticides are banned in the U.S., but may
still be present in the environment because of their persistent properties.

Results from the U.S. Agricultural Health Study (AHS) provide compelling insights regarding cancer risks from
pesticide exposures. This ongoing prospective study of nearly 90,000 individuals, which includes licensed
private pesticide applicators (mostly farmers), their spouses, and commercial pesticide applicators,(43) has
revealed higher incidence of several types of cancer associated with higher exposure to pesticides, though
overall cancer incidence is lower than in the general population. Compared to the general public, increased
cancer risks were seen for lip and prostate cancer, leukemias, non-Hodgkin lymphoma, thyroid cancer, and
testicular cancer (44). These results are consistent with historical reviews of the evidence, which in addition
showed observed associations between pesticide exposure and multiple myeloma, brain and stomach cancers
(45).

Children are highly vulnerable to pesticide exposure and subsequent cancer risk. A robust evidence-base now
links early life exposures to pesticides used at home to increased risk of leukemia and brain tumors
(46)(47)(48). Studies have also examined parental occupational exposure to pesticides and risk of childhood
cancer. Associations are particularly strong for mothers’ exposure during pregnancy and subsequent risk of
childhood leukemia (49). Both maternal and paternal exposures from working in the agricultural sector are
associated with elevated rates of childhood brain tumors (50). The childhood vulnerability to pesticides is
compounded by the fact that those exposed to high levels of agricultural pesticides are often low-income and
immigrant children.

Indirect exposure to pesticides is another significant problem for people living in agricultural areas. Studies
confirm that pesticides used in agricultural areas can be found miles from where they are applied and “take-
home” occupational exposures can be significant (51). These pesticides are often found in dust in people’s
homes, at concentrations that may be 10- to 200-fold higher than indoor air levels (52). Pesticide-laden dust
can also resist degradation in indoor areas where sunlight is limited (51). Indoor pesticide exposure can be
especially problematic for children, since they spend time on the floor and experience the world by putting
objects in their mouths (53).

Similar to many areas of the country, Southwest Pennsylvania is highly reliant on migrant farmworkers in
agricultural production. Because of their working and housing conditions, farmworkers are often
disproportionately exposed to pesticides (54). Cancer among farm workers is an under-researched area given
the difficulty of conducting long-term studies of a highly mobile population. However, studies of migrant
farmworkers have observed elevated cancer risk (55).

Consumer products

Over 3,000 chemical are used in consumer products (56). Known or suspected chemical carcinogens can be
found in personal care products, cleaning products, building products and fumniture, among others (Table 7).

Some studies have documented links between consumer products and cancers. For example, an extensive
literature examines associations between chemicals in hair dyes and cancer risk, mostly among hairdressers
using the products in a professional setting (57). However, recent studies have also revealed increased risk of
breast cancer from consumer or personal hair dye use, especially among black women (58). Use of hair
straighteners also increases risk of breast cancer among both black and white women and increased risk of
premenopausal breast cancer in young women exposed to these products during adolescence (58).

Research on the risk of cancer from consumer products would also benefit from new investment. What we
know about cancer risks from chemicals in consumer products is primarily from evidence related to other parts
of the product life cycle, in particular exposures during product manufacturing or exposures via contamination
(air or water pollution) at the end of the product lifecycle.



Table 7: Examples of known and suspected carcinogens found in consumer products (not comprehensive)

Known or suspected Consumer product types

carcinogen

1,4 dioxane Personal care products (shampoos, soaps), cleaning products (soaps)

Aromatic amines Hair dyes

Flame retardants Electronics; mattresses, upholstered furniture; carpets; children’s sleepwear

e e Personal care products (hair straighteners/keratin treatments); textiles/apparel; building
materials (pressed wood products; gypsum board)

PEAS Personal care products (make-up, e.g., mascara, foundation); textiles (water resistant and stain
resistant fabric); carpets/rugs; upholstered furniture; non-stick cookware; food packaging

Parabens Personal care products

Phthalates Personal care products; fragrances; shower curtains; food and beverage containers

Sources: (a) Singla V. Trends Cancer. 2020 Aug;6(8):619-22. (b) Clapp RW, Jacobs MM, Loechler EL. Rev Environ Health. 2008
Mar;23(1):1-37. (c) Takkouche B, Regueira-Méndez C, Montes-Martinez A. Int J Epidemiol. 2009 Dec;38(6):1512-31. (d) Eberle CE,
Sandler DP, Taylor KW, White AJ. Int J Cancer. 2020 Jul 15;147(2):383-9. (e) Gray JM, Rasanayagam S, Engel C, Rizzo J. Environ Health.
2017 Sep 2;16(1):94. (f) Ward MH, Colt JS, Deziel N, et al. Environ Health Perspect. 2014 Oct;122(10):1110-6. (g) Agency for Toxic
Substances and Disease Registry. Toxicological Profile for Perfluoroalkyls. May 2021.

\"A Prevention is Possible

An essential and powerful step towards change is understanding that prevention is possible. Primary prevention
efforts that control common sources of exposure to carcinogens are likely to be more effective than trying to
persuade thousands (sometimes millions) of people to each change their individual behaviors (59). Thus, policies
and practices that promote healthy working and living environments are clear pathways for cancer prevention.

There are several historical examples in which a reduction in exposure to a carcinogen resulted in dramatic
reductions in cancer risk. These include for example reductions of bladder cancers among dye workers after
eliminating exposure to aromatic amine dyes, reductions in nasal cancers among furniture workers exposed to
wood dust, and declines in non-Hodgkin lymphoma after Sweden banned the pesticide 2,4-
Dichlorophenoxyacetic Acid (2,4-D) in the 1970s (60)(61). Additionally, a wide range of interventions—from
institutional purchasing to environmental policies to ingredient and product substitutions—are known to reduce
exposures to toxic chemicals that can cause cancer. For example, leading wood product manufacturers have
substituted the use of the carcinogen formaldehyde in pressed wood products (such as particle board and
plywood) with safer soy-based adhesives (62). Use of ultrasonic aqueous processes for metal degreasing are
available rather than using the carcinogenic solvent, trichloroethylene (63). Professional wet-cleaning can be used
rather than dry cleaning clothes with perchloroethylene, a suspected carcinogen (64). Transitioning fleets to
electric vehicles and incentivizing clean public transportation can dramatically reduce levels of carcinogens in air
pollution (65). Organic agriculture or use of integrated pest management practices reduce exposures to
carcinogenic pesticides (66)(67).

The availability of safer alternatives makes clear that prevention doesn’t mean “doing without”. It is
technologically possible to substitute carcinogens with safer alternatives and still satisfy the products and societal
functions needed. Research and development investments are important—from both the public and private
sectors—to bring these alternatives to scale. Yet the most significant obstacle in the prevention pathway is the
lack of conviction and commitment on the part of the many stakeholders that have a role to play in ensuring
healthy environments. Endorsing “Reducing Pollution: Critical Pathway for Cancer Prevention” —an evidence-
based statement of concem, solutions and aspiration—is one step we can all take towards realizing a cancer-
free future.

Acknowledgments

10



The authors appreciate the contributions of the Science Support Working Group of the Cancer and
Environment Network of Southwestern Pennsylvania to this report. Special thanks to John Graham (Clean Air
Task Force), Beth Weinberger (Environmental Health Project), Barbara Fuhrman (University of Pittsburgh),
David Kriebel (University of Massachusetts Lowell) and Richard Clapp (Boston University School of Public
Health) for their reviews. Special thanks as well to The Heinz Endowments, The Fine Foundation and The Roy
A. Hunt Foundation for their financial support of this work.

References

1. Henley SJ, Ward EM, Scott S, Ma J, Anderson RN, Firth AU, et al. Annual report to the nation on the
status of cancer, part I: National cancer statistics. Cancer. 2020 May 15;126(10):2225-49.

2. Surveillance Research Program, National Cancer Institute. SEER*Explorer: An interactive website for
SEER cancer statistics. Available from https://seer.cancer.gov/explorer/.

3. Miller KD, Fidler-Benaoudia M, Keegan TH, Hipp HS, Jemal A, Siegel RL. Cancer statistics for
adolescents and young adults, 2020. CA Cancer J Clin. 2020 Nov;70(6):443-59.

4.  Myers DJ, Hoppin P, Jacobs M, Clapp R, Kriebel D. Letter to the Editor: Cancer rates not explained by
smoking: how to investigate a single county. Environ Health. 2021 May 21;20(1):62.

5. Myers DJ, Hoppin P, Jacobs M, Clapp R, Kriebel D. Cancer rates not explained by smoking: a county-
level analysis. Environ Health. 2020 Jun 6;19(1):64.

Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 2000 Jan 7;100(1):57-70.
Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011 Mar 4;144(5):646-74.

Presidents Cancer Panel. Reducing Environmental Cancer Risk. 2010 Apr.

© ® N o

Rothman KJ, Greenland S. Causation and causal inference in epidemiology. Am J Public Health. 2005;95
Suppl 1:5144-150.

10. Goodson WH, Lowe L, Carpenter DO, Gilbertson M, Manaf Ali A, Lopez de Cerain Salsamendi A, et al.
Assessing the carcinogenic potential of low-dose exposures to chemical mixtures in the environment: the
challenge ahead. Carcinogenesis. 2015 Jun;36 Suppl 1:5254-296.

11.  Childhood Cancer: Cross Sector Strategies for Prevention. Childhood Cancer Prevention Initiative; 2020.
Available from: https://www.cancerfreeeconomy.org/wp-
content/uploads/2020/09/CFE_ChildhoodCancerPrevention_Report_F2.pdf

12.  Cohn BA, La Merrill M, Krigbaum NY, Yeh G, Park J-S, Zimmermann L, et al. DDT exposure in utero and
breast cancer. J Clin Endocrinol Metab. 2015 Aug;100(8):2865-72.

13.  IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Outdoor Air Pollution. IARC
Monogr Eval Carcinog Risks Hum. 2016;109:9-444.

14. Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang AM, Switzer P, et al. The National Human Activity
Pattern Survey (NHAPS): a resource for assessing exposure to environmental pollutants. J Expo Anal
Environ Epidemiol. 2001 Jun;11(3):231-52.

15.  Wallace LA, Pellizzari ED, Hartwell TD, Sparacino C, Whitmore R, Sheldon L, et al. The TEAM (Total
Exposure Assessment Methodology) Study: personal exposures to toxic substances in air, drinking
water, and breath of 400 residents of New Jersey, North Carolina, and North Dakota. Environ Res. 1987
Aug;43(2):290-307.

16. Tsai W-T. An overview of health hazards of volatile organic compounds regulated as indoor air pollutants.
Rev Environ Health. 2019 Mar 26;34(1):81-9.

11



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.
34.

PA Department of Environmental Protection. Radon in the Home. Available from:
https://www.dep.pa.gov/business/radiationprotection/radondivision/pages/radon-in-the-home.aspx

Boothe VL, Boehmer TK, Wendel AM, Yip FY. Residential traffic exposure and childhood leukemia: a
systematic review and meta-analysis. Am J Prev Med. 2014 Apr;46(4):413-22.

Filippini T, Hatch EE, Rothman KJ, Heck JE, Park AS, Crippa A, et al. Association between outdoor air
pollution and childhood leukemia: A systematic review and dose-response meta-analysis. Environ Health
Perspect. 2019 Apr;127(4):46002.

Graham J, Jacobs M, Hoppin P. National Air Toxics Assessment and Cancer Risk in Allegheny County
Pennsylvania. Clean Air Task Force and Cancer and Environment Network of Southwest Pennsylvania;
2021 May. Available from: https://censwpa.org/wp-content/uploads/2021/07/NATA-Factsheet. pdf

Bolden AL, Schultz K, Pelch KE, Kwiatkowski CF. Exploring the endocrine activity of air pollutants
associated with unconventional oil and gas extraction. Environ Health. 2018 Mar 21;17(1):26.

Elliott EG, Trinh P, Ma X, Leaderer BP, Ward MH, Deziel NC. Unconventional oil and gas development
and risk of childhood leukemia: Assessing the evidence. Sci Total Environ. 2017 Jan 15;576:138-47.

Brown D, Weinberger B, Lewis C, Bonaparte H. Understanding exposure from natural gas drilling puts
current air standards to the test. Rev Environ Health. 2014;29(4):277-92.

EHN Staff. Fractured: The body burden of living near fracking. Environmental Health News. 2012 Mar 1;
Available from: https://www.ehn.org/fractured-series-on-fracking-pollution-2650624600.html|

Lin C-K, Hsu Y-T, Brown KD, Pokharel B, Wei Y, Chen S-T. Residential exposure to petrochemical
industrial complexes and the risk of leukemia: A systematic review and exposure-response meta-
analysis. Environ Pollut. 2020 Mar;258:113476.

Women for a Healthy Environment. The State of Environmental Health in Southwestern Pennsylvania
Schools. 2018 Sep. Available from: http://healthyschoolspa.org/wp-content/uploads/2018/09/State-of-
Environmental-Health-in-Schools-Report-9.4.18.pdf

Cantor KP, Steinmaus CM, Ward MH, Beane Freeman LE. Water Contaminants. In: Cancer
Epidemiology and Prevention. Fourth. New York, NY: Oxford University Press; 2018.

Yao Y, Chen T, Shen SS, Niu Y, DesMarais TL, Linn R, et al. Malignant human cell transformation of
Marcellus Shale gas drilling flow back water. Toxicol Appl Pharmacol. 2015 Oct 1;288(1):121-30.

Cogliano VJ, Baan R, Straif K, Grosse Y, Lauby-Secretan B, El Ghissassi F, et al. Preventable exposures
associated with human cancers. J Natl Cancer Inst. 2011 Dec 21;103(24):1827-39.

Agency for Toxic Substances and Disease Registry. Toxicological Profile for Perfluoroalkyls. 2021 May.

Hu XC, Andrews DQ, Lindstrom AB, Bruton TA, Schaider LA, Grandjean P, et al. Detection of poly- and
perfluoroalkyl substances (PFASSs) in U.S. drinking water linked to industrial sites, military fire training
areas, and wastewater treatment plants. Environ Sci Technol Lett. 2016;3(10):344-50. Available from:
https://pubs.acs.org/doi/10.1021/acs.estlett.6b00260

Evans S, Andrews D, Stoiber T, Naidenko O. PFAS contamination of drinking water far more prevalent
than previously reported. Environmental Working Group. Available from:
https://www.ewg.org/research/national-pfas-testing/

EWG’s Tap Water Database 2019 Update. Available from: https://www.ewg.org/tapwater/

Marusic K. There are concerning carcinogens in Westermn Pennsylvania water. Environmental Health
News. 2019 Oct 23. Available from: https://www.ehn.org/there-are-conceming-carcinogens-in-western-
pennsylvania-water-2641070249/particle-1

12



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

States S, Cyprych G, Stoner M, Wydra F, Kuchta J, Monnell J, et al. Marcellus Shale driling and
brominated THMs in Pittsburgh, Pa., drinking water. J Am Water Works Assoc. 2013 Aug;105(8):E432-
48. Available from: http://doi.wiley.com/10.5942/jawwa.2013.105.0093

Cadwallader A, VanBriesen JM. Temporal and spatial changes in bromine incorporation into drinking
water—disinfection by-products in Pennsylvania. J Environ Eng. 2019 Mar;145(3):04018147. Available
from: http://ascelibrary.org/doi/10.1061/%28ASCE%29EE.1943-7870.0001499

Good KD, VanBriesen JM. Current and potential future bromide loads from coal-fired power plants in the
Allegheny river basin and their effects on downstream concentrations. Environ Sci Technol. 2016 Sep
6;50(17):9078-88. Available from: https://pubs.acs.org/doi/10.1021/acs.est.6b01770

PA Department of Environmental Protection. Water Supply Determination Letters. 2021 Feb. Available
from:
https://files.dep.state.pa.us/QilGas/BOGM/BOGMPortalFiles/QilGasReports/Determination_Letters/Regio
nal_Determination_Letters.pdf

Warner NR, Christie CA, Jackson RB, Vengosh A. Impacts of shale gas wastewater disposal on water
quality in western Pennsylvania. Environ Sci Technol. 2013 Oct 15;47(20):11849-57.

Wolf Administration Announces Final PFAS Statewide Sampling Results. 2021. Available from:
https://www.ahs.dep.pa.gov/NewsRoomPublic/articleviewer.aspx?id=21961&typeid=1

PFAS in Pennsylvania - Statewide Sampling Plan Final Results. Available from:
https://files.dep.state.pa.us/Water/DrinkingWater/Perfluorinated%20Chemicals/SamplingResults/PFAS_
Sampling_Final_Results_May_2021.pdf

Guyton KZ, Loomis D, Grosse VY, El Ghissassi F, Benbrahim-Tallaa L, Guha N, et al. Carcinogenicity of
tetrachlorvinphos, parathion, malathion, diazinon, and glyphosate. The Lancet Oncology. 2015
May;16(5):490-1. Available from: https://linkinghub.elsevier.com/retrieve/pii/S1470204515701348

Alavanja MC, Sandler DP, McMaster SB, Zahm SH, McDonnell CJ, Lynch CF, et al. The Agricultural
Health Study. Environ Health Perspect. 1996 Apr;104(4):362-9. Available from:
https://ehp.niehs.nih.gov/doi/10.1289/ehp.96104362

Lerro CC, Koutros S, Andreotti G, Sandler DP, Lynch CF, Louis LM, et al. Cancer incidence in the
Agricultural Health Study after 20 years of follow-up. Cancer Causes Control. 2019 Apr;30(4):311-22.
Available from: http://link.springer.com/10.1007/s10552-019-01140-y

Blair A, Zahm SH. Agricultural exposures and cancer. Environ Health Perspect. 1995 Nov; 103 Suppl
8:205-8.

Van Maele-Fabry G, Gamet-Payrastre L, Lison D. Household exposure to pesticides and risk of leukemia
in children and adolescents: Updated systematic review and meta-analysis. Int J Hyg Environ Health.
2019 Jan;222(1):49-67.

Bailey HD, Infante-Rivard C, Metayer C, Clavel J, Lightfoot T, Kaatsch P, et al. Home pesticide exposures
and risk of childhood leukemia: Findings from the childhood leukemia international consortium. Int J
Cancer. 2015 Dec 1;137(11):2644-63.

Van Maele-Fabry G, Gamet-Payrastre L, Lison D. Residential exposure to pesticides as risk factor for
childhood and young adult brain tumors: A systematic review and meta-analysis. Environ Int. 2017
Sep;106:69-90.

Wigle DT, Turmer MC, Krewski D. A systematic review and meta-analysis of childhood leukemia and
parental occupational pesticide exposure. Environ Health Perspect. 2009 Oct;117(10):1505-13.

Van Maele-Fabry G, Hoet P, Lison D. Parental occupational exposure to pesticides as risk factor for brain
tumors in children and young adults: a systematic review and meta-analysis. Environ Int. 2013
Jun;56:19-31.

13



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Deziel NC, Friesen MC, Hoppin JA, Hines CJ, Thomas K, Freeman LEB. A review of non-occupational
pathways for pesticide exposure in women living in agricultural areas. Environ Health Perspect. 2015
Jun;123(6):515-24.

Lewis RG, Fortmann RC, Camann DE. Evaluation of methods for monitoring the potential exposure of
small children to pesticides in the residential environment. Arch Environ Contam Toxicol. 1994
Jan;26(1):37-46.

US Environmental Protection Agency. Children are Not Little adults! Available from:
https://www.epa.gov/children/children-are-not-little-adults.

Curl CL, Spivak M, Phinney R, Montrose L. Synthetic Pesticides and Health in Vulnerable Populations:
Agricultural Workers. Curr Envir Health Rpt. 2020 Mar;7(1):13-29. Available from:
http://link.springer.com/10.1007/s40572-020-00266-5

Mills PK, Yang R, Riordan D. Lymphohematopoietic cancers in the United Farm Workers of America
(UFW), 1988-2001. Cancer Causes Control. 2005 Sep;16(7):823-30.

Singla V. Carcinogens in products: Inadequate protections raise cancer risks. Trends Cancer. 2020
Aug;6(8):619-22.

Takkouche B, Regueira-Méndez C, Montes-Martinez A. Risk of cancer among hairdressers and related
workers: a meta-analysis. Int J Epidemiol. 2009 Dec;38(6):1512-31.

Eberle CE, Sandler DP, Taylor KW, White AJ. Hair dye and chemical straightener use and breast cancer
risk in a large US population of black and white women. Int J Cancer. 2020 Jul 15;147(2):383-91.

Doyle YG, Furey A, Flowers J. Sick individuals and sick populations: 20 years later. J Epidemiol
Community Health. 2006 May;60(5):396-8.

Tomatis L, Huff J, Hertz-Picciotto |, Sandler DP, Bucher J, Boffetta P, et al. Avoided and avoidable risks
of cancer. Carcinogenesis. 1997 Jan;18(1):97-105.

Hardell L, Eriksson M. Is the decline of the increasing incidence of non-Hodgkin lymphoma in Sweden
and other countries a result of cancer preventive measures? Environ Health Perspect. 2003
Nov;111(14):1704-6.

US Forest Service. Research and Development. Available from:
https://www.fs.fed.us/research/highlights/highlights_display.php?in_high_id=309

Massachusetts Toxics Use Reduction Institute. TCE Reduction Resources. Available from:
https://www.turi.org/Our_Work/Cleaning_Laboratory/Resources_and_Information/Trichloroethylene_TCE
_Reduction_Resources

Ceballos DM, Fellows KM, Evans AE, Janulewicz PA, Lee EG, Whittaker SG. Perchloroethylene and Dry
Cleaning: It’s Time to Move the Industry to Safer Altermatives. Front Public Health. 2021;9:638082.

Glazener A, Khreis H. Transforming Our Cities: Best Practices Towards Clean Air and Active
Transportation. Curr Environ Health Rep. 2019 Mar;6(1):22-37.

Baudry J, Assmann KE, Touvier M, Alles B, Seconda L, Latino-Martel P, et al. Association of Frequency
of Organic Food Consumption With Cancer Risk: Findings From the NutriNet-Santé Prospective Cohort
Study. JAMA Intern Med. 2018 Dec 1;178(12):1597. Available from:
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2018.4357

US Environmental Protection Agency. Integrated Pest Management (IPM) Principles. Available from:
https://www.epa.gov/safepestcontrol/integrated-pest-management-ipm-principles

14



