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1 Overview

This report was prepared at the request of counsel for Defendants in re: Camp Lejeune Water Litigation,
Case No.: 7:23-cv-897. The Plaintiffs claim that it is at least as likely as not that exposure to
trichloroethylene (TCE), perchloroethylene (PCE), benzene, vinyl chloride, and trans-1,2-dichloroethylene
(DCE) in water caused bladder cancer in individuals that worked or resided at Camp Lejeune.

I analyzed relevant epidemiology and toxicology literature to assess whether it supports a causal association
between exposure to these chemicals and bladder cancer at Camp Lejeune or more generally. | considered
study characteristics, quality, and results, and integrated epidemiology, toxicology, and mode-of-action
(MoA) evidence using the Bradford Hill framework. My opinions are based on a review of the published
scientific literature, including a substantial number of scientific and regulatory documents, as well as my
training and experience in toxicology, epidemiology, and risk assessment.

Below, | provide an overview of my opinions regarding TCE, PCE, benzene, vinyl chloride, and trans-1,2-
DCE exposure and bladder cancer at Camp Lejeune and more generally. My credentials are discussed in
Section 2. After describing scientific principles and my methodology in Section 3, | provide an overview
of carcinogenicity generally and bladder cancer specifically in Section 4. | review Camp Lejeune
epidemiology studies in Section 5, and analyses of chemical-specific risks at Camp Lejeune again in
subsequent sections to integrate them with the larger body of evidence on each specific chemical. Section
6 describes the epidemiology, toxicology, and MoA evidence regarding TCE and bladder cancer, and
agency reviews of this evidence. | also evaluate the available evidence as a whole in the context of Bradford
Hill's considerations. Similar information is provided in Sections 7, 8, and 9 for PCE, benzene, and vinyl
chloride, respectively. In Section 10, | discuss available evidence for trans-1,2-DCE. | discuss mixtures
toxicology in Section 11. My overall conclusions on all five chemicals and bladder cancer are presented in
Section 12. Attachment A describes my literature search methods and Attachments B through K include
tables with information on epidemiology and toxicity study quality, characteristics, and results. My
curriculum vitae and testimony experience are provided in Attachments L and M, respectively.

1.1 Camp Lejeune Epidemiology Studies

Five studies have evaluated bladder cancer risks among Marines or Navy personnel stationed at Camp
Lejeune or civilian workers on base. The methods used to assemble the study populations, characterize
exposures, and address confounding varied across studies. Overall, there were no consistent associations
reported between either working or living at Camp Lejeune, or TCE, PCE, benzene, or vinyl chloride
exposures at Camp Lejeune, and bladder cancer. Almost all risk estimates were statistically null and close
to 1. The few reported statistically significant risk estimates were not reported across other analyses of the
Camp Lejeune population. These epidemiology studies also had several methodological limitations,
including a high likelihood of exposure misclassification and the lack of adjustment for smoking in all
studies except ATSDR (2018a), and the potential for selection bias in ATSDR (2018a). Also, NRC (2009)
concluded that "limitations in population size, data availability, and data quality cannot be overcome."
There are no animal carcinogenicity or mechanistic studies of Camp Lejeune drinking water, but animal
carcinogenicity and mechanistic studies do not provide evidence that exposures to TCE, PCE, benzene, or
vinyl chloride can cause bladder cancer.
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Overall, (1) Camp Lejeune epidemiology studies are not of high quality, (2) most epidemiology analyses
do not provide evidence of associations, and (3) animal and mechanistic studies do not provide evidence of
causation in humans for TCE, PCE, benzene, or vinyl chloride. Thus, | conclude that the currently available
evidence does not support a causal association between exposure to drinking water at Camp Lejeune
generally or exposure to TCE, PCE, benzene, or vinyl chloride in drinking water at Camp Lejeune and
bladder cancer.

1.2 TCE

TCE is a colorless, nonflammable, and volatile liquid. While there are a few circumstances in which TCE
can occur naturally, it is most frequently manufactured for use as a solvent to remove greases, fats, tar, oils,
and waxes and to make refrigerants, adhesives, paints, pesticides, lubricants, paint strippers, and varnishes
for both industrial and commercial products. TCE has also been used by the textile processing and dry-
cleaning industries. Impurities of commercially manufactured TCE include both PCE and 1,1,1-
trichloroethane (1,1,1-TCA).

Individuals can be exposed to TCE from contaminated air, water, food, and soil. TCE can enter the body
via inhalation, ingestion, and dermal contact. TCE has been found in prepared food at concentrations
between 2 and 100 parts per billion (ppb). When TCE enters the body and reaches the bloodstream, most
of it is quickly exhaled from the lungs. When TCE reaches the liver from the bloodstream, it is metabolized
into breakdown products that are mostly excreted in the urine within 1 day. While repeated or high
exposures to TCE can result in its storage in fat, once exposure has ceased, TCE and its breakdown products
are rapidly released from fat. The half-life of TCE in the body is less than 3 days.

Although limited in quality (particularly with respect to a high likelihood of exposure misclassification and
a lack of adjustment for potential confounders), most analyses do not provide evidence of associations
between or exposure-response trends for TCE and bladder cancer in cohort and case-control studies.
Animal evidence does not indicate that TCE can cause bladder cancer, and there is no proposed MoA with
sufficient scientific support. | conclude that, as a whole, the currently available evidence does not support
a causal association between TCE exposure and bladder cancer.

1.3 PCE

PCE, also known as PERC, perchloroethylene, or tetrachloroethylene, is a colorless, nonflammable, and
volatile liquid. While it can occur naturally, PCE is most frequently manufactured for use as a solvent in
the dry-cleaning, textile, automotive, and metal industries. It is used to remove grease and oil, repel water,
and finish fabric; to manufacture other chemicals; and as an ingredient in some consumer products,
including adhesives, degreasers, cleaners, lubricants, sealants, and polishes. PCE can degrade in the
environment to TCE, and TCE may be present as a contaminant in products containing PCE.

Individuals can be exposed to PCE from contaminated air, water, food, and soil. PCE is one of the most
commonly detected chemicals in indoor environments, due to its use in consumer products, building
materials, and dry-cleaning products; its presence in drinking water; and its ability to vaporize. PCE can
be absorbed into the body after inhalation, ingestion, or dermal contact. PCE is quickly absorbed into the
bloodstream, and is quickly excreted via exhalation. PCE that is not quickly exhaled can be metabolized
to breakdown products and excreted in the urine. PCE has an affinity for fat and can distribute to multiple
organs, including the liver, kidney, brain, lung, and heart. The half-life of PCE in the body is about 3 days.
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Although limited in quality (particularly with respect to a high likelihood of exposure misclassification and
a lack of adjustment for potential confounders), most analyses do not provide evidence of associations
between or exposure-response trends for PCE and bladder cancer in cohort and case-control studies. PCE
did not cause bladder cancer in animal studies, and there is no proposed MoA with sufficient scientific
support. | conclude that, as a whole, the currently available evidence does not support a causal association
between PCE exposure and bladder cancer.

1.4 Benzene

At room temperature, benzene is a colorless, transparent liquid with a sweet odor. In the natural
environment, benzene is emitted from volcanoes and forest fires and is present in crude oil. Benzene has
been widely used in various industrial processes and as an additive to unleaded gasoline. Common
anthropogenic sources of benzene exposure include tobacco smoke, automobile service stations, exhaust
from motor vehicles, and industrial emissions. Automobile exhaust is the largest source of benzene in the
environment. Benzene in indoor air is primarily associated with cigarette smoke. Because of its high
volatility, benzene exposure mainly occurs via inhalation in the general population and in occupational
settings.

Several epidemiology studies and a few animal bioassays have evaluated benzene exposure and bladder
cancer. Most epidemiology studies reported risk estimates around 1, and statistically significantly increased
associations were only reported in a few studies with indirect or non-specific exposure measurements. In
addition, the epidemiology studies have critical methodological limitations, including a high likelihood of
exposure misclassification and uncontrolled confounding. There is no evidence that benzene causes bladder
cancer in animal models, and there is no evidence for a plausible MoA.

Although limited in quality (particularly with respect to a high likelihood of exposure misclassification and
a lack of adjustment for potential confounders), most analyses do not provide evidence of associations
between or exposure-response trends for benzene and bladder cancer in cohort or case-control studies.
Animal evidence does not indicate that benzene can cause bladder cancer, and there is no proposed MoA
with sufficient scientific support. | conclude that, as a whole, the currently available evidence does not
support a causal association between benzene exposure and bladder cancer.

1.5 Vinyl Chloride

Vinyl chloride is a colorless, flammable gas with a mild, sweet odor that is unstable at high temperatures.
It does not occur naturally. It can be formed when TCE, PCE, or trichloroethane break down in the
environment. It is used almost exclusively to make polyvinyl chloride (PVC), which is used to make plastic
products like pipes, wire and cable coatings, and packaging materials.

Small amounts of vinyl chloride can dissolve in water. Vinyl chloride in water or soil near the surface can
evaporate, while vinyl chloride in air breaks down in a few days. Individuals can be exposed to vinyl
chloride in air from cigarette and cigar smoke or near plastic manufacturing facilities, hazardous waste
sites, and landfills. They can also be exposed to very low levels of vinyl chloride in drinking water.
Workers can be exposed by breathing vinyl chloride in air or from contact with skin or eyes in the
workplace.

Few studies have evaluated vinyl chloride exposure and bladder cancer. There is no evidence for a plausible
MoA, and vinyl chloride does not cause bladder cancer in animal models. Most epidemiology studies
reported risk estimates that were null and less than 1; statistically significantly increased associations were
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only reported in a single study that relied on an indirect and non-specific exposure estimate. In addition,
the epidemiology studies have critical methodological limitations, including a high likelihood of exposure
misclassification and uncontrolled confounding.

Although limited in quality (particularly with respect to a high likelihood of exposure misclassification and
a lack of adjustment for potential confounders), most analyses do not provide evidence of associations
between or exposure-response trends for vinyl chloride and bladder cancer in cohort or case-control studies.
Animal evidence does not indicate that vinyl chloride can cause bladder cancer, and there is no proposed
MoA with sufficient scientific support. | conclude that, as a whole, the currently available evidence does
not support a causal association between vinyl chloride exposure and bladder cancer.

1.6 trans-1,2-DCE

DCE exists as 1,1-DCE and 1,2-DCE. trans-1,2-DCE was detected as a breakdown product of TCE in
drinking water at Camp Lejeune. trans-1,2-DCE is a low molecular weight, volatile, halogenated liquid
that is commonly used as a chemical intermediate or an industrial solvent. Most trans-1,2-DCE exposures
are from anthropogenic sources. Specific industrial uses of trans-1,2-DCE include cleaning and degreasing,
surface treatment, adhesion, spot cleaning, stain removal, and lubrication (US EPA, 2020b). Occupational
exposure to trans-1,2-DCE most commonly occurs via inhalation or dermally, while the general population
is exposed via inhalation or ingestion. The currently available scientific evidence is too limited to address
whether there is a causal association between trans-1,2-DCE and bladder cancer.

1.7  Agency Reviews

Chemical carcinogenicity is evaluated by government and scientific agencies, including ATSDR; the
National Academies of Sciences, Engineering, and Medicine (NASEM); the United States Environmental
Protection Agency (US EPA); the International Agency for Research on Cancer (IARC); and the National
Toxicology Program (NTP). Despite the goal of being systematic and objective, all of their reviews involve
some degree of subjectivity. In many instances, their reviews do not fully take study quality into account
and therefore conclude that the strength of the evidence is stronger than it truly is. The IARC, US EPA,
and NTP carcinogenicity categories all include "possibly carcinogenic to humans" or "reasonably
anticipated to be a human carcinogen.” The requirements for including an agent in these categories are
such that the evidence may not be sufficient to make a scientifically informed judgment regarding the
agent's carcinogenicity. For example, there may be no human data, or the preponderance of epidemiology
studies of the agent may not show evidence of an association at all or may only show evidence of an
association that can readily be explained by plausible noncausal alternatives (e.g., chance, bias, or
confounding).

The review process for the "ATSDR Assessment of the Evidence for the Drinking Water Contaminants at
Camp Lejeune and Specific Cancers and Other Diseases” (ATSDR, 2017a) has even more methodological
issues than other reviews conducted by ATSDR and other agencies. ATSDR (2017a) did not evaluate the
evidence in a systematic, objective manner. It used non-traditional methods and a biased framework to
make determinations regarding causation. Its conclusions regarding causation for many health outcomes
are inconsistent with those of several other agency reviews, including other reviews by ATSDR.

Government and other agencies have either concluded that the scientific evidence is insufficient to make a
determination regarding TCE and bladder cancer causation or have not drawn any conclusions. In the most
recent reviews of the epidemiology evidence, most government and other agencies concluded there is some
weak evidence for an association between PCE and bladder cancer, but that evidence is too limited to
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support causation. Government and other agencies have either not reviewed the evidence for benzene and
bladder cancer, have not drawn conclusions, or have concluded that there is inadequate or insufficient
evidence to evaluate benzene and bladder cancer risk in humans. Most government and international
agencies did not discuss bladder cancer in their reviews of vinyl chloride, while ATSDR (2017a) concluded
there was "below equipoise evidence for [bladder cancer] causation” due to insufficient information.
ATSDR (2023) stated, "No studies evaluating potential carcinogenic effects of inhalation, oral, or dermal
exposure of laboratory animals to trans-1,2-dichloroethene...were located."”

1.8 Conclusions

I did not identify any epidemiology studies of trans-1,2-DCE and bladder cancer. Many of the
epidemiology studies are not of high quality and most analyses do not provide evidence of associations
between TCE, PCE, benzene, or vinyl chloride exposure and bladder cancer. Animal carcinogenicity and
mechanistic studies do not provide evidence of causation for these chemicals or trans-1,2-DCE. Based on
the currently available evidence, | conclude, to a reasonable degree of scientific certainty, that TCE, PCE,
benzene, vinyl chloride, and trans-1,2-DCE in Camp Lejeune drinking water did not cause bladder cancer.
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2 Credentials

I am an epidemiologist and board-certified toxicologist with expertise in human health risk assessment.
I am a fellow of both the American College of Epidemiology and the Academy of Toxicological Sciences
(ATS), and | am currently on the Board of Directors of ATS. | am a Principal at Gradient, an environmental
and risk sciences consulting firm. From 2009 to 2017, | was an adjunct faculty member in the Department
of Epidemiology at the Harvard T.H. Chan School of Public Health.

I received an S.B. degree in environmental engineering science from the Massachusetts Institute of
Technology in 1996. | received an Sc.M. in epidemiology and a Ph.D. in environmental health
sciences/toxicology from the Johns Hopkins Bloomberg School of Public Health in 2000 and 2002,
respectively. From 2002 to 2004, | was a Cancer Prevention Fellow at the National Cancer Institute (NCI),
where | conducted several molecular epidemiology studies on colon, breast, and prostate cancers and was
instrumental in the development of "Polymorphism Interaction Analysis," a statistical tool for cancer risk
assessment. In 2004, | joined Gradient. My consulting practice consists of evaluating toxicity,
epidemiology, and exposure data in the context of evaluating human health risks from substances in
consumer products, pharmaceuticals, and medical devices, as well as from occupational and environmental
exposures.

Based on my experience and expertise, | work with several organizations on issues relating to toxicology,
epidemiology, risk assessment, and public health. Since 2008, I have served as an elected member of the
Board of Health in Canton, Massachusetts, the community in which | reside. In this capacity, | provide
advice on a broad range of public health topics, from the evaluation of chemical risks to the prevention of
coronavirus disease 2019 (COVID-19). | am also a member of the Massachusetts Medical Reserve Corps
and the Massachusetts Environmental Justice Assistance Network. In May 2012, | served as a panelist at
a US EPA meeting that addressed how MoA evidence should be used in assessments of exposures to and
health effects caused by chemical mixtures. In 2013, | served as an expert external peer reviewer for US
EPA's "Provisional Peer-Reviewed Toxicity Values for Styrene-Acrylonitrile (SAN Trimer)" report. In
2014, I served as a reviewer for research grants submitted to the National Science Foundation, the California
Breast Cancer Research Program, and the John Templeton Foundation. In 2016, | served as a reviewer for
a K99 research grant submitted to the National Institute for Occupational Safety and Health. In 2017 and
2018, | served as a reviewer for several R21 research grants submitted to the National Institutes of Health.

I have been active in the Society of Toxicology for many years; | was previously the treasurer/secretary of
the Risk Assessment Specialty Section and an elected member of the Nominating Committee. | am also
active in the American College of Epidemiology, for which | served on the Board of Directors, and the
Society for Risk Analysis. | taught "Research Synthesis and Meta-Analysis," a graduate-level course at the
Harvard T.H. Chan School of Public Health. As reflected in my curriculum vitae (Attachment L), | have
authored over 150 original peer-reviewed research articles, review articles (including systematic reviews,
meta-analyses, and weight-of-evidence evaluations), and book chapters on a wide variety of chemicals,
including TCE, PCE, and benzene, and health outcomes in peer-reviewed journals, books, and meeting
proceedings. | was on the editorial boards of Carcinogenesis and The Open Biomarkers Journal and was
a managing editor of the Journal of Environmental Protection Science. | have been a peer reviewer for
more than 35 journals.
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3  Principles and Methodology

| analyzed relevant epidemiology and toxicology literature, as well as agency reviews of this literature, to
assess whether it supports a causal association between TCE, PCE, benzene, vinyl chloride, or trans-1,2-
DCE exposure and bladder cancer. To conduct my analysis, | considered a number of well-established
epidemiology and toxicology principles. These principles are described in this section, followed by a
detailed discussion of my methodology, which includes a review of individual study quality and results, as
well as an integration of study findings in the context of the Bradford Hill considerations (Hill, 1965;
Garabrant, 2000).

3.1 Epidemiology

Epidemiology is the study of the causes, distribution, and control of disease in human populations (Lash et
al., 2021). Inepidemiology studies, both exposures and outcomes are measured or estimated, and statistical
analyses are conducted to assess whether there are associations (i.e., correlations) between the two. Unlike
experimental animal studies, epidemiology studies involve exposure conditions relevant to humans.
However, they sometimes involve very high exposures (e.g., in an occupational setting) that produce effects
that would not be expected to occur at lower exposures (e.g., in the general population). Because these
studies involve people living in the real world, study participants often have other exposures or attributes
that make it difficult to determine whether an association is specific to the exposure of interest, and each
epidemiology study can have other limitations that can affect the interpretation of its results. As such,
associations in epidemiology studies do not always indicate causation, as they could be a result of chance,
bias, or confounding.*

3.1.1 Risk Ratios

Epidemiology studies typically present risk ratios (often called risk estimates), including odds ratios (ORs),
relative risks (RRs), standardized incidence ratios (SIRs), standardized mortality ratios (SMRs), hazard
ratios (HRs), or incidence rate ratios (IRRs), depending on the study design. All are measurements or
estimates of the rate of disease (e.g., cancer) in people with an exposure of interest compared to the rate in
unexposed people, as shown in the equation below:

Rate of Disease in Exposed

Risk Ratio = - -
Isk Ratio Rate of Disease in Unexposed

Definitions of these risk estimates are shown in Table 3.1.

L A confounder is associated with an exposure, but is not caused by that exposure, and can cause the disease of interest.
Confounding bias can occur when a confounder is not fully accounted for in an analysis. For example, smoking is associated with
alcohol consumption and can cause lung cancer. One might find an association between alcohol consumption and lung cancer
because people who drink more alcohol smoke more, and not because drinking alcohol causes cancer.
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Table 3.1 Risk Ratios

BISk Definition

Estimate

IRR The ratio of the incidence rate of disease in the exposed group to the incidence rate of disease in
the non-exposed group.

HR A measure of how often a particular event happens in one group compared to how often it happens
in another group, over time.

OR The odds of disease in the exposed group divided by the odds of disease in the non-exposed group.

RR The ratio of the risk in the exposed group to the risk of disease in the non-exposed group.

SIR The number of people with a disease in a given population compared to what is "expected" based
on the number of people with that disease in a reference population.

SMR The number of people who die of a disease in a given population compared to what is "expected"
based on the number of deaths due to that disease in a reference population.

Source: Lash et al. (2021).

If the rate of disease is the same in both exposed and unexposed people, then the risk ratio is 1. and there is
no association between the exposure and disease. A risk ratio greater than 1 indicates there may be an
increased risk for disease and a value below 1 indicates that those who are exposed have a lower risk for
disease compared to those who are unexposed.’

A sample risk ratio on its own does not provide statistically meaningful evidence for the existence of an
association between an exposure and a disease in the population. This is because, in a particular population
of interest, a randomly selected study sample might not be representative of the population as a whole by
chance, so the estimated risk ratio in the sample would not be representative of the true risk ratio in the
population (Lash et al., 2021; Ahlbom 1993). This would also be true if a sample was selected in a biased
manner.

In epidemiology studies, a confidence interval (CI: typically, 95%) is often presented for the estimated
measure of association (e.g., risk ratio) to reflect uncertainties in the estimation 