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I. Training and Qualifications 
 

 1. I am a pharmacologist, toxicologist, United States Food and Drug Administration 

(FDA) regulatory specialist and partner in a consulting company known as BioPolicy Solutions, 

LLC. BioPolicy Solutions has offices in Houston, TX and Ventura, CA, and is a consulting firm 

that works at the interface of biological science, regulatory affairs, and business decisions to 

provide its clients with science-based solutions to issues associated with development and 

marketing of existing products as well as new technologies. Before BioPolicy Solutions was 

formed in June of 2020, I was principal in the consulting firm known as Integrative Biostrategies 

(2001 to May 2020) and head of a consulting firm known as Plunkett & Associates (1997 to 

2001). Attached to this report as Appendix A is a copy of my curriculum vitae. 

 

 2. I am board-certified as a Diplomate of the American Board of Toxicology. I am a 

member of several professional organizations and have authored or co-authored numerous 

scientific publications. I have over twenty years of experience in the areas of pharmacology and 

toxicology and have worked in both government and academic research. I have taught 

pharmacology and toxicology at the undergraduate and postgraduate levels. 

 

 3. I received a B.S. degree in 1980 from the University of Georgia and a Ph.D. in 

pharmacology from the University of Georgia, College of Pharmacy in 1984. My doctoral 

research was focused on the area of cardiovascular pharmacology, and specifically dealt with 

delineating neurochemical mechanisms responsible for the cardiac toxicity of digitalis 

glycosides. My training required my understanding of the mechanisms of action and basic 

pharmacology of drugs from all classes, as well as basic biological mechanisms that are 

associated both the desired effects of drugs (chemicals) and the adverse or toxic effects that can 

result from exposure to drugs (chemicals). 

 

 4. From June 1984 through August 1986, I was a Pharmacology Research Associate 

Training (PRAT) fellow at the National Institute of General Medical Sciences, Bethesda, 

Maryland. I worked in a neuroscience laboratory of the National Institute of Mental Health. My 
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research focused on the role of various brain neurochemical systems involved in the control of 

autonomic nervous system and cardiovascular function.  

 

 5. From September 1986 to June 1989, I was an Assistant Professor of 

Pharmacology and Toxicology in the medical school at the University of Arkansas for Medical 

Sciences, Little Rock, Arkansas, where I performed basic research in the areas of 

neuropharmacology and toxicology as well as cardiovascular pharmacology and toxicology. I 

taught courses for both medical students and graduate students in pharmacology and toxicology 

as well as the neurosciences. As a pharmacologist, my work was directed towards understanding 

the biologic mechanisms of drug (chemical) actions that explain not only the desired effects but 

also the adverse or toxic effects that can result from exposure to drugs (chemicals). 

 

 6. From December 1989 to August 1997, I worked for ENVIRON Corporation, first 

in the Arlington, Virginia office and then in the Houston, Texas office. I worked specifically 

within the health sciences group and most of my projects dealt with issues surrounding products 

or processes regulated by the FDA. During my consulting career (ENVIRON, Plunkett & 

Associates, and Integrative Biostrategies), I have worked on a variety of projects dealing 

toxicology and risks, as well as the regulation, of chemicals encountered by humans in their daily 

life. The chemicals I have examined include those regulated by the US Environmental Protection 

Agency (EPA), including the chemicals at issue in this case, i.e., trichloroethylene, 

tetrachloroethylene, vinyl chloride, and benzene. A tool common to my work as a consultant 

would be risk assessment, including many projects where risks associated with exposure to 

chemicals in the environment (e.g., air, water, soil) were at issue.  The work included assessment 

of both short-term and long-term human health effects that might result from chemical exposure, 

as well as the association of chemicals with cancer.  

 

 7. With respect to experience that is directly relevant to the issues in this case, I have 

done a great deal of work on projects related to assessing the risks to human health following 

exposure to chemicals in the environment, including the four specific chemicals at issue in this 

case. I have worked on projects dealing with regulatory standards of chemical pollutants, 

including air and water pollutants, compliance with air and water pollution standards, as well as 
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methods for assessing the human health effects likely associated with chemical exposure. Among 

the clients that I have consulted with have been chemical companies and chemical trade 

organizations. A tool and generally accepted methodology common to all my work as a 

consultant would be risk assessment, including many projects where risks to human health 

related to exposure to chemicals in consumer products and/or the environment were at issue. As 

part of my work, I commonly review and rely on epidemiology data (studies in humans), as well 

as animal data and in vitro data to assess risks to human health that can result from certain types 

of chemical exposures. 

 

8. As a pharmacologist and board-certified toxicologist, much of my consulting 

work has related to understanding and explaining the mechanisms of action of the toxic effects of 

chemicals of all types. I have expertise in pharmacokinetics, where I have designed clinical trials 

and analyzed pharmacokinetic data. I have taught pharmacology and toxicology to medical 

students and/or graduate students. I have lectured graduate students and law students on EPA 

regulations as they apply to all types of chemicals. Throughout my career, I have published 

dozens of peer-reviewed articles, which are listed in my curriculum vitae (Appendix A). I have 

served as a peer-reviewer for scientific journals in my capacity as a pharmacologist and 

toxicologist. In litigation, I have provided expert testimony and been qualified by both state and 

federal courts in the areas of pharmacology, pharmacokinetics, toxicology, risk assessment and 

EPA and FDA regulations. A list of my previous testimony for the past five years is included as 

Appendix B. 

 

II. Scope of Work 
 

9. I was asked to evaluate the human health effects associated with exposure to the 

four chemicals (perchloroethylene, trichloroethylene, benzene, and vinyl chloride) that were 

detected at varying levels over a number of years (1950’s to 1980’s) in the water that supplied 

Camp Lejeune, North Carolina, and to provide opinions as to whether the chemicals that 

contaminated the water posed a hazard to human health. My focus has been on the association of 

exposure to chemicals that contaminated Camp Lejeune water with bladder cancer in humans.  I 

also was asked to provide opinions about the mechanisms that underly the toxic effects of these 
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chemicals in cells and tissues that might specifically relate to bladder cancer.  I used standard 

methodology in performing my evaluation (described in Section III) and have relied on peer-

reviewed scientific literature as well as government documents that represent consensus reviews 

and have undergone peer-review in forming my opinions in this case.  All opinions expressed in 

this report are based on a reasonable degree of scientific certainty. I reserve the right to 

supplement my opinions if additional information becomes available that may be relevant to my 

opinions. 

III. Information Reviewed 
 

 10. In the current case, I have been asked to provide opinions related to the human 

health hazards posed by exposure to chemicals that contaminated the water at Camp Lejeune, 

North Carolina.  It is important to note that regulators and authoritative bodies around the world 

have continually performed comprehensive reviews of the human health hazards associated with 

exposure to the four chemicals that contaminated the water at Camp Lejeune, reviews that have 

occurred over a period of more than 40 years. The results of these comprehensive reviews have 

been consistent in terms of the hazards that have been linked to exposure to perchloroethylene, 

trichloroethylene, benzene, or vinyl chloride; the potential for each of these four chemicals to 

pose a cancer hazard to humans has repeatedly been affirmed. Also relevant to this case is the 

fact that over the course of my career, I have reviewed hundreds of scientific articles related to 

the human health effects that have been associated with exposure to the four chemicals detected 

in the water: perchloroethylene, trichloroethylene, benzene, and vinyl chloride. In this case, I 

have re-reviewed relevant scientific literature that I may have collected in the past, as well as  

regulatory documents and consensus reviews that relate to each of these chemicals that have 

been written by the EPA1, other US regulatory agencies (i.e., OSHA2; ATSDR3 and CDC4), and 

the reports by expert panels convened by the International Agency for Research on Cancer 

(IARC) on all four of the chemicals numerous times over the last 40 years.  My experience with 

each of these chemicals has included assessing human health hazards linked to each chemical, 

 
1 EPA refers to the U.S. Environmental Protection Agency. 
2 OSHA refers to the U.S. Occupational Safety and Health Administration. 
3 ATSDR refers to the Agency for Toxic Substances and Disease Registry. 
4 CDC refers to the Centers for Disease Control. 
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including the risks of cancer in humans. To provide a general summary, the relevant materials I 

have reviewed while working in this litigation include the following: 

 a)  scientific literature relating to the biological effects and toxic effects of 

perchloroethylene, trichloroethylene, benzene, and vinyl chloride; 

 b)  the federal regulations that exist setting forth methods to be used in assessing hazards 

to the four chemicals as well as standards that exist for the four chemicals that contaminated the 

water at Camp Lejeune; and  

 c) documents produced during the litigation that are, for example, reports of other experts 

in the litigation, the deposition of Frank J. Bove (dated 17 and 18 October 2024), or documents 

found on public sites (e.g., the 2017 reports by the ATSDR related to Camp Lejeune5; cancer 

evaluations performed by IARC6 on the four chemicals of interest in this case; cancer 

evaluations performed as part of the Report on Carcinogens (RoC) process7 that is overseen by 

the National Toxicology Program (NTP) that have resulted in listings of the four chemicals of 

interest in this case.  

 

 It should be noted that most of the sources listed above are ones commonly used in my 

work as a pharmacologist, toxicologist, risk assessor, and regulatory consultant.  

 

IV. Methodology Employed 
 

 
5 ATSDR (2017a) is entitled Public Health Assessment for Camp Lejeune Drinking Water U.S. Marine Corps Base 
Camp Lejeune, North Carolina  (https://www.atsdr.cdc.gov/camp-lejeune/php/public-health-assessments/2017-
public-health-assessment.html) and ATSDR (217b) is entitled ATSDR Assessment of the Evidence for the Drinking 
Water Contaminants at Camp Lejeune and Specific Cancers and Other Diseases 
(https://www.atsdr.cdc.gov/sites/lejeune/docs/atsdr_summary_of_the_evidence_for_causality_tce_pce_508.pdf).  
6 IARC is an authoritative body where chemicals are nominated for review by expert panels put together to be 
specific to each chemical. IARC monographs that are produced from this process are not regulatory documents but 
are scientific reviews made by experts after a thorough review of the scientific literature and data. Monographs for 
chemicals may be periodically updated as new information becomes available.  
7 In 1978, the U.S. Congress amended Section 301(b)(4) of the Public Health Service 
Act, to require the Secretary of the Department of Health and Human Services (DHHS) to publish 
an annual report that contains a list of all substances that “are known to be human carcinogens or 
may reasonably be anticipated to be human carcinogens and to which a significant number of 
persons residing in the United States are exposed”. The process of producing the list, known as 
the Report on Carcinogens, or RoC, results from periodic meetings and is a process managed by 
the NTP on behalf of DHHS. There have been 15 RoC processes to date, the 15th RoC being 
published in 2021. 
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11. In forming my opinions for this report, I used standard and generally accepted 

methods that apply in all my work as a pharmacologist and toxicologist that is related to 

assessing the safety and hazards of chemicals, both litigation and non-litigation projects. A tool I 

often use is a method known as human health risk assessment. Toxicologists routinely assess 

hazards to human health related to exposure to chemicals in the everyday environment using the 

basic principles of human health risk assessment, where hazard identification or assessment is 

the first step in the process. Toxicology is the scientific core of both hazard and risk assessment. 

Hazard and risk assessment methodology has been used for decades by a wide variety of 

governmental bodies to evaluate the safety of chemicals encountered in the everyday 

environment and to identify the potential hazards and specific adverse health effects that may 

occur in association with chemical exposures. Risk assessment is used in both non-governmental, 

non-regulatory, settings by scientists as well to understand the hazards and risks that can cause 

human harm. In 1983, the National Research Council (NRC) detailed the steps for risk 

assessment and described the methodology that is in use today as four basic steps: hazard 

identification, dose-response assessment (sometimes referred to as exposure-response 

assessment), exposure analysis, and characterization of risks (NRC 1983). As a result, hazard 

identification/assessment is a standard tool used by toxicologists when they are trying to 

determine if exposure to a chemical(s) poses a hazard to human health. It should be noted that 

hazard assessment is not a process that involves quantifying the level of risk to be expected in a 

population or in any individual that may be exposed to a chemical. 

 

12. The methodology of human health risk assessment, including hazard 

identification and assessment, is a tool described in the Reference Manual on Scientific Evidence, 

Third Edition (NRC 2011) which is a resource developed for courts when evaluating 

methodology used by scientists in litigation projects.  For purposes of clarity, hazard is defined 

as the potential of harm as a result of an exposure to a chemical while risk is the probability of 

harm occurring after exposure. I have been asked to address human health hazards associated 

with the four chemicals that contaminated the water at Camp Lejeune. 

 

13. Like any project I work on that involves assessing the hazards that may be 

associated with exposure to chemicals, the first step was to identify, collect, review, assess, and 
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evaluate studies and analyses from the peer-reviewed scientific literature and government 

documents. This collection of documents was used as the basis of the information employed in 

my assessment. In this case, that literature review involved extensive searching of the published 

literature that described the effects of perchloroethylene, trichloroethylene, benzene, and vinyl 

chloride on human health, focusing on the potential for exposure to those chemicals to lead to 

bladder cancer in humans. I used available online databases (i.e., PUBMED, TOXLINE, 

DIALOG) to systematically search the published literature for relevant literature. The papers I 

identified described the effects of the chemicals on living organisms, tissues and cells. Because 

these four chemicals have been commonly used or encountered by workers over the decades and 

have been linked to a variety of serious adverse effects on human health, they are regulated by 

federal and state governments in the US. As a result, some of the key resources I identified were 

toxicology textbooks and government documents that provided consensus opinions about some 

of the human health effects associated with exposure to trichloroethylene, perchloroethylene, 

vinyl chloride, or benzene. It should be noted, however, that even today, new associations 

between human disease and chemical exposures are emerging in association with these industrial 

chemicals (trichloroethylene, perchloroethylene, vinyl chloride, or benzene) based on the fact 

that new studies or research is performed. In my literature and document review, I employed 

another tool and generally accepted methodology known as a “weight-of-the-evidence” 

assessment.   

 

14. A weight-of-the-evidence assessment involves evaluating individual studies or 

sources of information and determining what the studies or information describe, when 

considered as a whole.  Therefore, weight-of-the-evidence methods were critical to defining the 

literature that identified the hazards to the chemicals that contaminated the water at Camp 

Lejeune, as well as defining the ways that exposure to those chemicals could lead to the human 

health hazard of cancer. I would note that in this case, although I have cited to, and rely upon, 

consensus reviews performed by authoritative bodies such as the EPA, ATSDR, IARC, and 

NTP, I also performed my own literature searches and retrieved and reviewed numerous 

individual papers or sources that may or may not have been referenced by others (e.g., EPA, 

ATSDR, IARC) in a weight-of-the-evidence process in order to form my own opinions about 
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human health hazards posed by exposure to perchloroethylene, trichloroethylene, vinyl chloride, 

and benzene in water at Camp Lejeune. 

 

15. With respect to my work related to understanding the mechanisms that underly 

the toxic effects on these chemicals in cells and tissues, this type of research is often used in 

causation analysis as laid out by Sir Bradford Hill in his seminal lecture about establishing 

causation between an exposure and a toxic effect or response (Hill 1965). In that lecture, Hill 

listed some basic conditions that should be met to link cause and effect (e.g., strength of 

association, consistency, specificity, temporality, biologic plausibility, biologic gradient, 

coherence, experiment, analogy).  The Hill criteria were never intended to be a “checklist” that 

must be followed blindly.  Instead, they are a set of considerations that are used in cause-effect 

assessments (Rothman and Greenland, 1998. In: Modern Epidemiology. Rothman, K.J. and S. 

Greenland (eds.), Lippincott, Williams and Wilkins: Philadelphia, chapter 2).  As Rothman 

points out, the only absolute criteria would be temporality, i.e., the exposure or cause must 

precede in time the effect. I would also note that the Hill considerations are described in the 

Reference Manual on Scientific Evidence with respect to causation assessment.8 As a 

toxicologist in this case, I have been asked to address some of the Hill considerations that might 

apply to the work I have undertaken.  

 

16. As part of my work related to understanding the biological mechanisms that may 

underlie carcinogenesis related to exposure to the four chemicals that contaminated the Camp 

Lejeune water, I evaluated a large body of data and information and found that the following Hill 

considerations are particularly relevant to understanding those mechanisms: 

• Biologic plausibility which addresses the question of whether there are biological 

mechanisms that elucidate why the effect observed (cancer in this case) may have 

occurred. 

• Experiment which relates to the ability to collect data to analyze a cause-and-effect 

relationship, data that is commonly collected not in humans but in cells, tissues, or in 

animals. 

 
8 The Reference Manual on Scientific Evidence, 3rd Edition.  National Research Council. 2011. Washington, DC: 
The National Academies Press. https://doi.org/10.17226/13163. 
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• Analogy which relates to consideration of experience with other similar chemicals that 

may share important biological properties.  

• Coherence which addresses the question of whether the reported effect fits with the 

known pattern of disease. 

   

17. As stated by Hill in discussing his consideration of biologic plausibility in 

particular, “It will be helpful if the causation we suspect is biologically plausible. But this is a 

feature I am convinced we cannot demand. What is biologically plausible depends upon the 

biological knowledge of the day.” (see page 10 of Hill 1965). This means that understanding the 

exact mechanism that underlies the effect being linked to any cause may not be understood. In 

this case, I have been asked to determine whether it makes sense that exposure to the 

contaminated water at Camp Lejeune would be a hazard to human health, and specifically, 

whether it makes sense that exposure to the contaminated water at Camp Lejeune might lead to 

bladder cancer in humans. 

 

18. Because I am not a physician, I have not performed plaintiff-specific assessments 

of cause-and-effect for bladder cancer, a process that should rely on the results of a differential 

diagnosis in any individual. I must, however, consider the relevant pathways for exposure for 

plaintiffs in this case, as a general matter, to chemicals in the contaminated water at the base as 

part of my hazard assessment. Research performed by ATSDR (e.g., Bove et al. 2014a; Bove et 

al. 2014b; Ruckart et al. 2015; Bove et al. 2024a; Bove et al. 2024b; ATSDR 2017a; ATSDR 

2017b) confirms that all four chemicals contaminated the drinking water at Camp Lejeune and 

that the water was used for drinking, showering/bathing, and other daily activities. Therefore, in 

my evaluation of scientific information related to the hazard to human health associated with 

chemicals contaminating the water at Camp Lejeune, I considered data related to the potential 

routes of human exposure that have been linked to the contaminated water (water that was 

contaminated with perchloroethylene, trichloroethylene, benzene, and vinyl chloride).  In 

addition to the route of exposure being important in my assessment, studies and information that 

address human exposure patterns in terms of duration and/or frequency of exposure also were 

relevant.  This is because my focus was on cancer as a human health hazard and cancer does not 

occur immediately after exposure to a causative agent but instead develops some period of time 
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after the exposure occurred, a period of latency. The period of latency can last from several years 

to decades after exposure occurred (Nadler and Zurbenko 2013; Nadler and Zurbenko 2014; 

CDC 20159) and requires an analysis for each disease.10 Nadler and Zurbenko (2014) reported 

latencies for cancer development in humans based on modelling of cancer development that 

ranged from about two years to over 50 years.   

 

19. I was trained in the use of human health hazard and risk assessment and weight-

of-the-evidence methods as part of my undergraduate, graduate, and postdoctoral work in 

pharmacology and toxicology, as well as while working as a consultant to industry for the last 35 

years.  I would note that weight-of-the-evidence methodology is used as part of regulatory 

decision making by regulatory and scientific bodies such as EPA11 and the U.S. Occupational 

Safety and Health Administration (OSHA),12 and the World Health Organization (WHO) and the 

International Agency for Research on Cancer (IARC).13 The Reference Manual on Scientific 

Evidence also describes the use of weight-of-the-evidence by experts in the process of evaluating 

a body of data or studies.14 

 

20. At the end of this report is attached a list of the published scientific articles cited 

throughout this report. Attached to this report as Appendix C is a complete list of all materials 

that I have reviewed and/or relied upon in forming my opinions in this case. All the opinions 

expressed in this report are based on a reasonable degree of scientific certainty. I reserve the 

right to supplement and refine my opinions as additional relevant information becomes available.  

I also reserve the right to review and comment on the reports and testimony of Defendants’ 

experts. 

 

 
9 https://www.cdc.gov/wtc/pdfs/policies/WTCHP-Minimum-Cancer-Latency-PP-01062015-508.pdf  
10 https://www.cdc.gov/wtc/pdfs/policies/wtchpminlatcancer2014-11-07-508.pdf  
11 e.g., https://www.epa.gov/sites/production/files/2015-06/documents/acephate-103301_2015-06-
29_txr0057153.pdf; 
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=23160&CFID=65932199&CFTOKEN=24176705; 
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=71993&CFID=65932266&CFTOKEN=97071893  
12 https://www.osha.gov/weightofevidence/woe_guidance.pdf  
13 http://www.who.int/phe/news/events/international_conference/Session2_DrStraif.pdf  
14 The Reference Manual on Scientific Evidence, 3rd Edition. National Research Council. 2011. Washington, DC: 
The National Academies Press. https://doi.org/10.17226/13163. 
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V. Human Health Hazards and Exposure to Contaminated Water 
at Camp Lejeune 
 

 21. In this case, the source of exposure to chemicals was contaminated groundwater 

that served as a source of drinking water for Marines and civilians that lived and worked at 

Camp Lejeune. In a 2017 report (ATSDR 2017a), the ATSDR provided data on levels of 

perchloroethylene, trichloroethylene, benzene, and vinyl chloride in drinking water from the two 

treated water sources (Tarawa Terrace and Hadnot Point) from 1975 to 1985.  As described in 

the peer-reviewed literature by Bove and colleagues (2014a):  

“Samples taken during 1980-1985 at United States Marine Corps (USMC) Base Camp 

Lejeune, North Carolina detected solvents in drinking water supplied by two of the base’s 

eight treatment plants, Tarawa Terrace (TT) and Hadnot Point (HP). The TT supply 

wells were contaminated by an off-base dry cleaning business. The HP supply wells were 

contaminated by on-base sources: leaking underground storage tanks, industrial area 

spills and waste disposal sites. Contaminated supply wells in the TT and HP systems 

were shut down by February 1985.” [see page 2 of the paper] 

In its 2017 Public Health Assessment (ATSDR 2017a), the agency stated the following regarding 

the exposure at Camp Lejeune: 

“Thus, the historical record shows that in the past, people living and working at MCB 

Camp Lejeune were exposed to contaminated drinking water. As many as 1 million military 

and civilian staff and their families might have been exposed to the volatile organic 

compound (VOC)-contaminated drinking water during a 30plus year period.” 

These sources of data make it clear that exposures were significant and would be considered 

“chronic” in terms of the number of years that Marines and civilians had been exposed to the 

contaminated water that contained trichloroethylene and perchloroethylene as well as two other 

volatile organic compounds (i.e., vinyl chloride and benzene). 

 

 22. The four chemicals that contaminated the water at Camp Lejeune are ones that 

have been the subject of extensive study by toxicologists and regulators world-wide for decades 

due to their known toxic effects. As will be described here, it is not controversial that all four of 

the chemicals can be toxic to humans when they are exposed to them through breathing air, 

Case 7:23-cv-00897-RJ     Document 464-2     Filed 08/24/25     Page 13 of 120



13 
 

drinking water, or when the chemicals contact skin. It also is not controversial that exposure to 

each of these chemicals individually poses a hazard to human health, a hazard that would include 

cancer in the case of all four chemicals. In this section, the human health hazards associated with 

these four chemicals will be discussed individually. In a later section of this report, the 

combination of chemicals will be discussed in the context of the hazard posed when humans are 

exposed to more than one chemical at the same time (mixtures of chemicals, Section VII of this 

report).  

 

 23. Hazard in the context of exposure to a chemical is whether there is a potential for 

harm to be caused if exposure occurs. Risk, a related term often encountered in the literature in 

the context of exposure to a chemical, is quantifying what the probability of harm occurring is 

after an exposure occurs and is typically performed based on selection of one dataset, usually in 

animals, that provides enough information to quantify the relationship between an exposure and 

a toxic effect and also allows for prediction of a level of risk that would then apply to a 

population of similarly exposed humans. Risk assessment is a predictive tool. As discussed in the 

peer-reviewed literature (Wilson and Crouch 1987):  

“Risk assessment is presented as a way of examining risks so that they may be better 

avoided, reduced, or otherwise managed. Risk implies uncertainty, so that risk 

assessment is largely concerned with uncertainty and hence with a concept of probability 

that is hard to grasp.” 

 

24. The question being asked in terms of effects on humans that can be produced by a 

chemical hazard is: Does the agent cause adverse human health effects?15 As part of answering 

that question, toxicologists will consider data collected in cells and tissues (in vitro data), in 

animals (in vivo data), and in humans (if available). During the hazard assessment process, the 

studies that the toxicologist typically will rely upon would be ones where routes of exposure are 

relevant to the issue being addressed. Thus, it was important in this case to define the relevant 

routes of exposure to consider when I evaluated the scientific literature and regulatory 

documents. As already mentioned, the water at Camp Lejeune was contaminated with chemicals 

 
15 Faustman, E.M. 2019. General principles of toxicology. In: Casarett & Doull’s Toxicology:The Basic Science of 
Poisons, 9th Edition. C.D. Klaassen (ed.), McGraw-Hill: New Uork, NY, chapter 4, page 128. 
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and that water was used for drinking as well as showering and other daily activities. Thus, the 

water could have been ingested (oral exposure) and it could contact the skin as well (dermal 

exposure). Additionally, perchloroethylene, trichloroethylene, vinyl chloride and benzene are all 

“volatile organic” chemicals. The term “organic” means the chemicals are composed mainly of 

carbon and hydrogen atoms but also include atoms of other elements such as nitrogen, oxygen, 

halogens (chlorine, fluorine), phosphorus, and sulfur. “Volatile” means that the chemicals can 

readily evaporate into air from a liquid state under certain environmental conditions (such as 

heating of water). The volatile nature of these chemicals means that ingestion and dermal contact 

are not the only relevant routes of human exposure to consider. These chemicals can volatilize 

into air and thus humans could be exposed by breathing them in air. As a result, studies and 

toxicology information that related to oral, dermal and inhalation exposure all were relevant to 

my hazard assessment. Finally, as part of hazard assessment, the toxicologist must apply their 

education, training and experience when reviewing data and information and when they draw 

their final conclusions about whether the data and information are sufficient to have identified a 

hazard to human health, i.e., the potential to cause harm. 

   

A. Perchloroethylene 
 

 25. Perchloroethylene (C2Cl4; Cas Number 127-18-4) is also known by the chemical 

names of tetrachloroethylene and tetrachloroethene. Its structure is shown below in Figure 1.16 

Figure 1: Structure of Perchloroethylene  

 

 

 

 

 

 

 

 

 

 
16 https://pubchem.ncbi.nlm.nih.gov/compound/Tetrachloroethylene#section=2D-Structure  
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The human health hazards associated with exposure to perchloroethylene are well-known and 

have been the subject of numerous scientific review papers (e.g., Cichocki et al. 2016; Ceballos 

et al. 2021) as well as US government documents (e.g., EPA 2012; EPA 2020a; EPA 2022 

ATSDR 2019a; NTP 2021a), and documents related to human health hazards associated with 

perchloroethylene authored by other authoritative bodies (e.g., IARC 1979; IARC 1987; IARC 

1995; IARC 2012; NRC 2010; ECHA 200817). Each of the government bodies and authoritative 

bodies who have produced consensus reviews related to perchloroethylene and human health 

hazards based their decisions on the same type of scientific evidence (peer-reviewed published 

studies) that I have relied upon in forming my opinions in this case and includes much of the 

same evidence I cite in this report.  Of course, my research has the benefit of the availability of 

more recent supportive evidence. A review of all these documents shows that the principal 

adverse human health effects linked to exposure to perchloroethylene, regardless of the route of 

exposure, have included neurological effects, liver effects, kidney effects, reproductive effects, 

developmental effects, and cancer. The EPA even proposed to ban perchloroethylene for all 

consumer uses and many commercial uses because it is a chemical known to cause serious health 

risks such as neurotoxicity and cancer.18 Perchloroethylene has been classified as a “probable 

human carcinogen” by IARC (2012), as “likely to be carcinogenic in humans by all routes of 

exposure” by EPA (2012), and as “reasonably anticipated to be a human carcinogen” by NTP 

(2021a).  

 

26. Like most toxicologists would do, IARC as well as NTP based its conclusions in 

part on evidence of cancer in experimental animals. As discussed in textbooks regarding human 

health hazard and risk assessment (e.g., Faustman 2019), animal studies have been a key 

component of the hazard and risk assessment process for toxicologists for over forty years 

(Boorman et al. 1994). Such studies allow for the ethical examination of a range of doses (from 

very low to very high) in the same study and allow for examination of changes at the tissue level 

(after sacrifice of the animals). In this case, also available for my review were results from three 

lifetime rat studies and three lifetime mouse studies that had been conducted with 

 
17 https://echa.europa.eu/substance-information/-/substanceinfo/100.004.388  
18 https://www.epa.gov/newsreleases/epa-proposes-ban-all-consumer-and-many-commercial-uses-
perchloroethylene-protect  
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perchloroethylene, one where rats and mice were exposed by oral dosing (NCI 1977) and two 

where rats and mice were exposed by inhalation (NTP 1986a; JISA 1993). Perchloroethylene 

was carcinogenic in both rats and mice, including animals of both sexes, with tumors or cancer 

evident across the studies in multiple tissues (e.g., liver, kidney, mononuclear cell leukemia, 

testes, brain, spleen). I evaluated these studies as well as the reviews that were provided by both 

IARC (IARC 2012) and EPA (EPA 2012) and found that these studies support my overall 

conclusion that perchloroethylene exposure poses a cancer hazard. 

 

 27. I also reviewed the body of data and information related to perchloroethylene 

exposure and bladder cancer in humans since that relationship was a focus of my hazard 

assessment. In addition to literature searches that I performed, the evaluation of 

perchloroethylene and cancer by IARC (IARC 2012) as well as more recently by EPA (EPA 

2020a) provide bibliographies and description of numerous human epidemiological studies that 

have reported on the specific endpoint of bladder cancer after exposure to perchloroethylene. The 

following are epidemiological studies that report data and analyses related to the risk of bladder 

cancer in humans exposed to perchloroethylene: (1) eight cohort epidemiological studies (Boice 

et al. 1999; Travier et al. 2002; Blair et al. 2003; Lynge et al. 2006; Wilson et al. 2008; Calvert 

et al. 2011; Selden and Ahlborg 2011; Silver et al. 2014); and (2) ten case-control studies 

(Schoenberg et al. 1984; Steineck et al. 1990; Burns and Swanson 1991; Ashengrau et al. 1993; 

Swanson and Burns 1995; Pesch et al. 2000; Gaertner et al. 2004; Colt et al. 2011; Christensen 

et al. 2013; Hadkhale et al. 2017). In addition to my review of these studies, many were given a 

detailed evaluation by IARC (2012a) and EPA (EPA 2012; EPA 2020a). After weighing the 

strengths and weaknesses of the epidemiological studies, IARC’s expert panel concluded that 

there were “positive associations” for cancer of the bladder associated with perchloroethylene 

exposures. Again, IARC’s basis and rationale was based upon the same evidence supporting my 

opinions.  In fact, however, my opinions are further supported by the growing basis in the 

scientific literature that continued to develop after IARC reached its conclusions. ATSDR 

(2017b) also addressed the issue of bladder cancer and perchloroethylene exposure due to 

exposure to contaminated water at Camp Lejeune specifically and concluded that there was 

sufficient evidence of causation for perchloroethylene and bladder cancer in the people that lived 

and worked at Camp Lejeune. Although I assume that others will be addressing these studies as 

Case 7:23-cv-00897-RJ     Document 464-2     Filed 08/24/25     Page 17 of 120



17 
 

part of a full causation analysis, I reviewed each of these studies as part of my overall weight-of-

the-evidence for bladder cancer as a human health hazard linked to exposure to 

perchloroethylene. After my review of all of these studies, I found that they support my overall 

conclusion that cancer, including specifically bladder cancer, is a human health hazard that has 

been associated with exposure to perchloroethylene in humans. 

 

 28. It is important to note that in the case of all four of the chemicals that 

contaminated the water at Camp Lejeune (perchloroethylene, trichloroethylene, benzene, and 

vinyl chloride), metabolism leads to production of active or toxic metabolites that are believed to 

be responsible for the adverse effects associated with these chemicals in biological systems. In 

the case of perchloroethylene specifically, the toxic metabolites are formed after oxidation of the 

chemical by liver enzymes (known as cytochrome P450 or “CYP” enzymes) or after conjugation 

by glutathione (e.g., Lash et al. 2007; Luo et al. 2018); the enzyme CYP2E1 has a specific role 

in the production of reactive perchloroethylene metabolites (e.g., Luo et al. 2018), and the same 

enzymes are found in other tissues in the human body including the kidneys (e.g., Liu and Baliga 

2003; Moore et al. 2010; Abdelmegeed et al. 2017). More detail on the role of that metabolism 

of perchloroethylene, and each of the other three chemicals that contaminated the water at Camp 

Lejeune, may play as part of the mechanism underlying bladder cancer is discussed in Section 

VI. 

 

 29. A characteristic of perchloroethylene relevant to this case, and to the cancer 

hazard posed by the chemical, is its pharmacokinetics/ toxicokinetics; pharmacokinetics/ 

toxicokinetics is the study of the way a chemical is absorbed, distributed, metabolized, and 

eliminated from the body. The toxicokinetic profile of perchloroethylene has been extensively 

reviewed (e.g., Cichocki et al. 2016; EPA 2012; EPA 2020a; ATSDR 2019a; IARC 2012a).  As 

noted by the ATSDR in its public health risk assessment (ATSDR 2017a), there are inter-

relationships relevant to three of the four chemicals that contaminated the water at Camp Lejeune 

(perchloroethylene, trichloroethylene, and vinyl chloride) such that perchloroethylene can be 

degraded in the environment to form trichloroethylene as well as vinyl chloride. This means that 

trichloroethylene and vinyl chloride that contaminated the water at Camp Lejeune may be 

present as a result of environmental degradation of perchloroethylene (Vogel and McCarty 1985; 
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https://www.waterboards.ca.gov/gama/docs/coc_pce.pdf), as well as being present as a result of 

direct contamination of the water from other sources. 

 

30. Perchloroethylene is almost completely absorbed after inhalation and oral 

exposures (essentially 100% of the chemical that is inhaled or ingested will be absorbed into 

blood; as reviewed in EPA 2020a; Monster et al. 1979a; Pegg et al. 1979; Schumann et al. 1980; 

Frantz and Watanabe 1983; Opdam and Smolders 1986; Dallas et al. 1994a; Dallas et al. 1994b; 

Dallas et al. 1995). After dermal or skin contact, absorption of perchloroethylene in a liquid form 

has been shown to be extensive as well (EPA has assumed 100% absorption can occur after 

dermal contact or immersion of skin in perchloroethylene in solution; EPA 2020a). After oral 

absorption, perchloroethylene is metabolized in the liver on a first pass19 of blood through the 

body, while after inhalation exposures to perchloroethylene, a significant portion of the 

compound can be eliminated in the breath before undergoing liver metabolism (e.g., reviewed in 

EPA 2012; Monster et al. 1979a; Monster et al. 1983; Monster 1986). Any perchloroethylene 

that is not exhaled immediately would undergo metabolism in the liver only after blood 

circulation through the liver. Perchloroethylene and its metabolites are distributed to all tissues in 

the body and can cross the blood-brain barrier as well as the placenta (Dzubow et al. 2010). The 

chemical accumulates in fatty tissues and in breast milk due to the lipophilicity20 of the 

compound (Cichocki et al. 2016).  

 

31. As a result of its accumulation in fat in the human body, the compound and its 

metabolites stay in the body for an extended period after an exposure has occurred. As EPA 

stated (EPA 2012): “Long residence time in adipose tissue can result in increasing body burden 

with continuous or repeated exposures.” [see page 45 of 1077 of EPA 2012] This statement was 

made based on information found at least in part in studies in workers or human volunteers that 

had been exposed to perchloroethylene (e.g., Fernandez et al. 1976; Monster 1979; Skender et al. 

1991). The issue of accumulation in fat tissue is important in cases like the current case where 

daily exposures in water could occur and, as result of accumulation in fat, can lead to higher 

 
19 The term “first pass metabolism” is often used by pharmacologists and toxicologists to describe this process; such 
an effect is bypassed when chemicals are inhaled through the lungs or when exposure is due to sublingual, nasal, 
rectal, or skin application of a chemical. 
20 Lipophilicity means the chemical readily dissolves in fat or other lipid-rich tissues. 

Case 7:23-cv-00897-RJ     Document 464-2     Filed 08/24/25     Page 19 of 120

https://www.waterboards.ca.gov/gama/docs/coc_pce.pdf


19 
 

levels of perchloroethylene in the body over time (internal dose) than might be reflected by the 

level detected in water (external dose). This prolonged residence time in the body of 

perchloroethylene and its metabolites is reported as a “half-life” in the body; the term “half-life” 

is a measure of the amount of time it takes for 50% of the level of the chemical in blood to be 

eliminated from the body. The half-life of perchloroethylene’s toxic metabolites in the human 

body has been reported to be 144 hours (as presented by EPA 2020a; Ikeda 1977) which means 

that significant levels of the metabolites can still be found in cells and tissues before a new 

exposure may have occurred when exposures to perchloroethylene are a daily occurrence. 

Moreover, general principles of pharmacokinetics dictate that accumulation of the parent 

compound, perchloroethylene, in adipose tissue (fat) can lead to continued metabolic conversion 

of the parent compound as it is released from adipose tissue, i.e., ongoing exposure over time 

even days21 after exposure has occurred. In the case of people exposed to the contaminated water 

at Camp Lejeune where many lived and worked on the base, exposure periods would be expected 

to episodic but occur more than once a day, meaning that accumulation of any perchloroethylene 

that would be absorbed into the body due to contact with the contaminated water would lead to 

the presence of some level of the chemical in the body at levels higher than might be predicted 

by only considering a measured level in the water and a single exposure.  

 

32. As already mentioned, the metabolism of perchloroethylene in the body leads to 

the production of toxic metabolites that are responsible for the adverse effects the chemical has 

on biological systems, including the mechanisms that lead to cancer. Importantly, the 

metabolism of perchloroethylene to toxic metabolites is saturable at higher levels of exposure (as 

reviewed in EPA 2020a and ATSDR 2019a; Ohtsuki et al. 1983; Seiji et al. 1989; Volkel et al. 

1998; Philip et al. 2007; Cichocki et al. 2016), meaning that more extensive metabolite formation 

occurs at low levels of exposure as compared to higher exposure levels. This is important in the 

current case because the exposures experienced at Camp Lejeune would have been to lower daily 

levels as compared to exposures reported in epidemiological studies performed in worker 

populations in the past.  

 

 
21 The issue is “days” relates to the half-life of 144 hours that has been reported for perchloroethylene, which would 
equate to a period of about six days. 
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33. Once perchloroethylene’s metabolites have been formed, either by enzymes 

present in the liver or the kidneys, they are excreted through the kidneys into urine. The time that 

urine remains in the body in humans can vary due to lifestyle factors or diseases; on average, 

adults generally void five to six times a day but no more than once after retiring to bed (Wrenn 

199022). This would mean that perchloroethylene metabolites could remain in contact with 

bladder tissue for at least four to five hours at a time. Specific reactive/toxic perchloroethylene 

metabolites will be discussed in Section VI of this report in connection with my discussion of the 

Hill considerations that are supportive of a cause-and-effect relationship between exposure to 

contaminated water at Camp Lejeune and bladder cancer in people that lived or worked on the 

base.  

 

34. Based upon my education, training and experience, and considering the data and 

information identified and reviewed, it is my opinion to a reasonable degree of scientific 

certainty that it is at least as likely as not that exposure to perchloroethylene from contaminated 

water at Camp Lejeune was hazardous to human health generally, that exposure to the Camp 

Lejeune water contaminated with perchloroethylene specially is hazardous to human health, and, 

further, that the human health hazard would include the development of bladder cancer. This 

conclusion was reached based on: (1) review of data collected in numerous toxicological studies 

(studies in cells and tissues, animals and in humans); (2) data showing that perchloroethylene 

was one of the four chemicals that contaminated the water at Camp Lejeune for decades; (3) 

consideration of the fact that the routes of exposure for humans that may have lived and worked 

at Camp Lejeune and were exposed to the contaminated water would have encompassed multiple 

relevant routes of exposure addressed in toxicological studies and human epidemiological studies 

(i.e., ingestion of water, inhalation of volatilized perchloroethylene, and dermal contact with 

water); (4) consideration of the toxicokinetic profile of perchloroethylene that would impact 

human health hazard such as formation of reactive metabolites that have been linked to 

mechanisms of cancer (this information is discussed in Section VI of this report) and 

accumulation of the chemical in body tissues with repeated exposures; and (5) my training and 

experience in human health hazard assessment, including experience with perchloroethylene 

human health hazard and risk assessment. 

 
22 https://www.ncbi.nlm.nih.gov/books/NBK291/ 
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B. Trichloroethylene 
 

 35. Trichloroethylene (C2HCl3; CAS Number 79-01-6) is also known by the chemical 

name of trichloroethene. Its structure is shown below in Figure 2.23 

Figure 2: Structure of Trichloroethylene  

 

 

 

 

 

 

Like perchloroethylene, the human health hazards associated with exposure to trichloroethylene 

are well-known and have been the subject of numerous scientific review papers (e.g., Chiu et al. 

2013; Rusyn et al. 2014; Cichocki et al.  2016; Lash 2024) as well as US government documents 

(e.g., EPA 2011; EPA 2020b; ATSDR 2019b; NTP 2015; NTP 2021b), and documents related to 

human health hazards associated with trichloroethylene authored by other authoritative bodies 

(e.g., IARC 1979; IARC 1987; IARC 1995; IARC 2012; NRC 2006; Health Canada 2005; 

ECHA24). Each of the government bodies and authoritative bodies who have produced consensus 

reviews related to perchloroethylene and human health hazards based their decisions on the same 

type of scientific evidence (peer-reviewed published studies) that I have relied upon in forming 

my opinions in this case and includes much of the same evidence I cite in this report.  Of course, 

my research has the benefit of the availability of more recent supportive evidence. Available 

consensus review documents have concluded that the principal adverse human health effects 

linked to exposure to trichloroethylene, regardless of the route of exposure, have included 

immunological and lymphoreticular effects, neurological effects, reproductive effects, 

developmental effects, and cancer. In the most recent systematic review (EPA 2020b), the EPA 

listed the human health hazards that the agency had identified in association with 

 
23 https://pubchem.ncbi.nlm.nih.gov/compound/Trichloroethylene#section=2D-Structure  
24 https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/124309  
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trichloroethylene exposure and those hazards included liver toxicity, kidney toxicity, 

neurotoxicity, immunotoxicity, reproductive toxicity, developmental toxicity, and cancer. 

Trichloroethylene has been classified as “carcinogenic to humans” by IARC (2012), as 

“carcinogenic in humans by all routes of exposure” by EPA (2011), and as “a known human 

carcinogen” by NTP (2015).  

 

36. Like most toxicologists would do, IARC as well as NTP based its conclusions in 

part on evidence of cancer in experimental animals. As discussed in textbooks regarding human 

health hazard and risk assessment (e.g., Faustman 2019), animal studies have been a key 

component of the hazard and risk assessment process for toxicologists for over forty years 

(Boorman et al. 1994). Such studies allow for the ethical examination of a range of doses (from 

very low to very high) in the same study and also allow for examination of changes at the tissue 

level (after sacrifice of the animals). In this case, also available for review were the results from 

chronic exposure trichloroethylene exposure studies in rats and in mice, where rats and mice 

were exposed by oral dosing (NCI 1976; Van Duuren et al. 1979; Maltoni et al. 1986; Herren-

Freund 1987; NTP 1988; NTP 1990; Anna et al. 1994; Bull et al. 2002) or where rats and mice 

were exposed by inhalation (Fukuda et al. 1983; Maltoni et al. 1986; Maltoni et al. 1988a). 

Trichloroethylene was carcinogenic in both rats and mice, including animals of both sexes, with 

tumors or evidence of cancer across the studies in both the liver and kidneys of the animals. I 

evaluated the studies themselves, as well as the reviews of these studies that were provided by 

both IARC (IARC 2012) and EPA (EPA 2012) and found that these studies support my overall 

conclusion that trichloroethylene exposure poses a cancer hazard. 

 

37. I also reviewed a body of data and information related to trichloroethylene 

exposure and bladder cancer in humans since that relationship was part of the focus of my cancer 

hazard assessment. Scientists have reported an increased risk of bladder cancer with 

trichloroethylene exposure in four occupational cohort studies (Morgan et al. 1998; Raaschou-

Nielsen et al. 2003; Zhao et al. 2005; Hansen et al. 2013) and in two case-control studies in 

workers (Pesch et al. 2000; Hadkhale et al. 2017). An additional case-control study in workers in 

France identified an increased risk of bladder cancer in workers that had been exposed to 

chlorinated solvents (i.e., trichlorethylene, like perchloroethylene, is a chlorinated solvent; 
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Cordier et al. 1993); whether a worker in the study had been exposed to chlorinated solvents was 

adjudicated by a panel of industrial hygiene experts. Finally, a study in a population of US 

residents exposed to well water contaminated with trichloroethylene as well as tetrachlorethylene 

(perchloroethylene) and other solvents was reviewed (Mallin 1990); the authors reported an 

increased risk of bladder cancer in association with exposure to the contaminated water. The 

IARC monographs provide a detailed overview of many more epidemiological studies related to 

trichloroethylene exposure that also reported on risks of bladder cancer (IARC 2012; Tables 2.1, 

2.2 and 2.3) but the authors of those studies did not find statistically significant increased risks of 

bladder cancer. Given that I was focused on hazard assessment, I reviewed these studies in the 

context of hazard which is the potential for harm. I weighed the human studies as a group in 

forming my opinions in this case, including the studies that failed to identify an association 

between trichloroethylene exposure and bladder cancer in humans.  After my review of these 

human studies, I found that they support my overall conclusion that cancer, including 

specifically bladder cancer, is a human health hazard that has been associated with exposure to 

trichloroethylene in humans. 

 

 38. As already discussed above, all four of the chemicals that contaminated the water 

at Camp Lejeune (perchloroethylene, trichloroethylene, vinyl chloride, and benzene) can be 

metabolized in humans and that metabolism leads to production of reactive/toxic metabolites that 

are responsible for their adverse effects in biological systems. In the case of trichloroethylene 

specifically, the toxic metabolites are formed after oxidation of the chemical by liver enzymes 

(known as cytochrome P450 or “CYP” enzymes) or after conjugation by glutathione (as 

reviewed in EPA 2020b; Lash et al. 2014; Cichocki et al. 2016; Luo et al. 2018); the enzyme 

CYP2E1 has a specific role in the production of reactive trichloroethylene metabolites (e.g., Luo 

et al. 2018), and this same enzyme is found in other tissues in the human body including the 

kidneys (e.g., Liu and Baliga 2003; Moore et al. 2010; Abdelmegeed et al. 2017).  As recently 

discussed in the literature (Lash 2024): “Moreover, it has been established and accepted that 

virtually all of the adverse acute or chronic effects of TCE [trichloroethylene] exposure are 

dependent on its metabolism.” 

 

.  
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 39. Like perchloroethylene, a characteristic of trichloroethylene relevant to this case, 

and to the hazard posed by the chemical, is its toxicokinetic profile. The toxicokinetic profile of 

trichloroethylene has been extensively reviewed (e.g., Cichocki et al. 2016; EPA 2011; ATSDR 

2019b; IARC 2012).  More detail on the role of that metabolism of trichloroethylene may play as 

part of the mechanism underlying bladder cancer is discussed in Section VI. 

 

40. Trichloroethylene is extensively absorbed after inhalation and oral exposures in 

humans (as reviewed in EPA 2011 and ATSDR 2019b; D’Souza et al. 1985; Astrand and Ovrum 

1976; Monster et al. 1976; Fernandez et al. 1977; Perbellini et al. 1991; Yoshida et al. 1996; 

Bruning et al. 1998). After dermal or skin contact in humans, absorption of trichloroethylene in a 

liquid solution has been shown to occur as well (e.g., Nakai et al. 1999; ATSDR 2019b; NTP 

2015). Once trichloroethylene is absorbed into blood, it is distributed to all tissues in the body 

and can cross the blood-brain barrier as well as the placenta (as reviewed in EPA 2020b; Laham 

1970; Cichocki et al. 2016). After oral absorption, trichloroethylene is metabolized in the liver 

on a first pass of blood through the body, while after inhalation exposures to trichloroethylene, 

due to the high blood/gas partition coefficient (comparable to anesthetic gases; ATSDR 2019b)  

most of the inhaled trichloroethylene will be rapidly absorbed and eventually undergo liver 

metabolism as well (as reviewed in ATSDR 2019b; Bartonicek 1962; Astrund and Ovrum 1976; 

Monster et al. 1976). The chemical accumulates in fatty tissues and in breast milk due to the 

lipophilicity25 of the compound (Cichocki et al. 2016).  

 

41. As a result of its accumulation in fat in the human body, the compound may stay 

in the body for an extended period of time after an exposure (EPA 2011; Monster et al. 1979b). 

As was the case with perchloroethylene exposure, accumulation of trichloroethylene in fat tissue 

is important in cases like the current case where daily exposures in water could occur and, as 

result of accumulation in fat, can lead to higher levels of trichloroethylene in the body over time 

(internal dose) than might be reflected by the level detected in water (external dose). This 

prolonged residence time in the body of trichloroethylene and its metabolites is reported as a 

“biological half-life” in the body; the term “biological half-life” is a measure of the amount of 

 
25 Lipophilicity means the chemical readily dissolves in fat or other lipid-rich tissues. 
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time it takes for 50% of the level of the chemical and its metabolites to be eliminated from the 

body. The half-life of trichloroethylene’s toxic metabolites in the human body has been reported 

to be over 40 hours (Ikeda 1977; ATSDR26) which means that significant levels of the 

metabolites may still be found in cells and tissues before a new exposure may have occurred 

when exposures to trichloroethylene are a daily occurrence. Moreover, general principles of 

pharmacokinetics dictate that accumulation of the parent compound, trichloroethylene in adipose 

tissues can lead to continued metabolic conversion of the parent compound as it is released from 

adipose tissue, i.e., ongoing exposure over time even days27 after exposure has occurred. In the 

case of people exposed to the contaminated water at Camp Lejeune where many lived and 

worked on the base, exposure periods would be expected to episodic but occur more than once a 

day, meaning that accumulation of any trichloroethylene that would be absorbed into the body 

due to contact with the contaminated water would lead to the presence of some level of the 

chemical in the body at levels higher than might be predicted by only considering a measured 

level in the water and a single exposure.  

 

42. As already mentioned, the metabolism of trichloroethylene in the body leads to 

the production of toxic metabolites that are responsible for the adverse effects the chemical has 

on biological systems, including the mechanisms that lead to cancer. Like perchloroethylene, the 

metabolism of trichloroethylene to toxic metabolites is saturable at higher levels of exposure (as 

reviewed in EPA 2011 and ATSDR 2019b; Feingold and Holaday 1977; Filser and Bolt 1979; 

Prout et al. 1985; Dekant et al. 1986b; Dallas et al. 1991; Lee et al. 2000a; Lee et al. 2000b; 

Cichocki et al. 2016), meaning that more extensive metabolite formation occurs at low levels of 

exposure as compared to higher exposure levels. This is important in the current case because the 

exposure experienced at Camp Lejeune may have been to lower daily levels as compared to 

exposure reported in epidemiological studies performed in worker populations in the past.  

 

43. Once trichloroethylene’s metabolites have been formed, by enzymes present in 

the liver or the kidneys, they are excreted through the kidneys into urine. The time that urine 

 
26 
https://www.atsdr.cdc.gov/csem/trichloroethylene/biological_fate.html#:~:text=The%20time%20between%20TCE
%20inhalation,life%20%3D%20approximately%2052%20hours).  
27 The reported half-life of 41 hours that has been reported for trichloroethylene is close to 2 days. 
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remains in the body in humans can vary due to lifestyle factors or diseases; on average, adults 

generally void five to six times a day but no more than once after retiring to bed (Wrenn 199028). 

This would mean that trichloroethylene metabolites could remain in contact with bladder tissue 

and urothelial cells throughout the bladder, kidney and ureters for at least four to five hours at a 

time. Specific reactive/toxic trichloroethylene metabolites will be discussed in Section VI of this 

report in connection with my discussion of the Hill considerations that are supportive of a cause-

and-effect relationship between exposure to contaminated water at Camp Lejeune and bladder 

cancer in people that lived or worked on the base.  

 

44.  Based upon my education, training and experience, and considering the data and 

information identified and reviewed, it is my opinion to a reasonable degree of scientific 

certainty that it is at least as likely as not that exposure to trichloroethylene from contaminated 

water at Camp Lejeune was hazardous to human health generally, that exposure to the Camp 

LeJeune water contaminated with trichloroethylene specifically is hazardous to human health, 

and, further, that the human health hazard associated with exposure to Camp Lejeune water that 

contained trichloroethylene would include bladder cancer. This conclusion was reached based 

on: (1) my review of data collected in numerous toxicological studies (studies in cells and 

tissues, animals and in humans); (2) data showing that trichloroethylene was one of the four 

chemicals that contaminated the water at Camp Lejeune for decades; (3) consideration of the fact 

that the routes of exposure for humans that may have lived and worked at Camp Lejeune and 

were exposed to the contaminated water would have encompassed multiple relevant routes of 

exposure addressed in toxicological studies and human epidemiological studies (i.e., ingestion of 

water, inhalation of volatilized trichloroethylene, and dermal contact); (4) consideration of the 

toxicokinetic profile of trichloroethylene that would impact human health hazard such as 

formation of reactive metabolites that have been linked to mechanisms of cancer (this 

information is discussed in Section VI of this report) and accumulation of the chemical and the 

metabolites in body tissues with repeated exposures; and (5) my training and experience in 

human health hazard assessment, including experience with trichloroethylene human health 

hazard and risk assessment.  

 

 
28 https://www.ncbi.nlm.nih.gov/books/NBK291/ 
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C. Benzene 
 

 45. Benzene (C6H6; CAS Number 71-43-2) is also known by the chemical names of 

benzol, benzole, and cyclohexatriene. Its structure is shown below in Figure 3.29 

Figure 3: Structure of Benzene 

 

 

 

 

 

 

The human health hazards associated with exposure to benzene also are well-known and have 

been the subject of scientific reviews (e.g., Wilbur et al. 2008; Barreto et al. 2009) as well as US 

government documents (e.g., EPA 1998; ATSDR 2024a; NTP 2021c), and documents related to 

human health hazards associated with benzene authored by other authoritative bodies (e.g., 

IARC 2012; IARC 2018; WHO 2019). Each of the government bodies and authoritative bodies 

who have produced consensus reviews related to perchloroethylene and human health hazards 

based their decisions on the same type of scientific evidence (peer-reviewed published studies) 

that I have relied upon in forming my opinions in this case and includes much of the same 

evidence I cite in this report.  Of course, my research has the benefit of the availability of more 

recent supportive evidence. A review of all these documents shows that the principal adverse 

human health effects linked to exposure to benzene, regardless of the route of exposure, have 

included immunological and lymphoreticular effects reproductive effects, developmental effects, 

and cancer. Benzene has been classified as “carcinogenic to humans” by IARC (2012, 2018), as 

“carcinogenic in humans by all routes of exposure” by EPA (1998), and as “a known human 

carcinogen” by NTP (2021c). 

46. Like most toxicologists would do, IARC, EPA, as well as NTP based its 

conclusions in part on evidence of cancer in experimental animals. As discussed in textbooks 

regarding human health hazard and risk assessment (e.g., Faustman 2019), animal studies have 

 
29 https://pubchem.ncbi.nlm.nih.gov/compound/Benzene#section=Structures  
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been a key component of the hazard and risk assessment process for toxicologists for over forty 

years (Boorman et al. 1994). Such studies allow for the ethical examination of a range of doses 

(from very low to very high) in the same study and also allow for examination of changes at the 

tissue level (after sacrifice of the animals). In this case, also available for my review were the 

results from chronic benzene exposure studies where mice and rats.  In the mouse studies, 

animals were administered the chemical by inhalation exposure (Snyder et al. 1980; Goldstein et 

al. 1982; Snyder et al. 1988; Cronkite et al. 1989; Farris et al. 1993; Li et al. 2006; Kawasaki et 

al. 2009) or by oral exposure (NTP 1986b; Maltoni et al. 1988b; Maltoni et al. 1989). In rats, the 

animals were exposed orally (Maltoni and Scarnato 1979; Maltoni et al. 1982; Maltoni et al. 

1983; Maltoni et al. 1985; NTP 1986; Maltoni et al. 1988b; Maltoni et al. 1989) or by inhalation 

(Maltoni et al. 1983; Maltoni et al. 1985; Maltoni et al. 1989). Benzene was carcinogenic in both 

rats and mice, including animals of both sexes, with tumors or cancer reported across the studies 

in hematopoietic and lymphoid tissues, in particular. I evaluated these studies as well as the 

reviews that were provided in the most recent consensus review (IARC 2018) and found that 

these studies support my overall conclusion that benzene exposure poses a cancer hazard. 

 

47. I also reviewed a body of data and information related to benzene exposure and 

cancer in humans since that relationship was the focus of my hazard assessment. There have 

be3en dozens of studies performed in humans that reported on an increased risk of leukemia and 

blood cancers in association with benzene exposures (reviewed in IARC 2012 and IARC 2018). 

In examining the benzene toxicology database for information relevant to the specific cancer 

hazard of bladder cancer, two human epidemiological studies not included in the IARC review 

documents were identified (Shala et al. 2023; Seyyedsalehi et al. 2024). Shala and colleagues 

(2023) reported that worker exposure to benzene was associated with an increased risk of bladder 

cancer. The authors performed the study to provide more accurate exposure assessment tools to 

address an increased risk of bladder cancer signal that had been reported previously in petroleum 

industry workers. Seyyedsalehi et al. (2024) performed a meta-analysis of 41 cohort and case-

control studies and focused on relative risks of kidney, bladder, and urinary tract cancer overall. 

The authors reported: “Our study found an association between occupational benzene exposure 

and kidney cancer and a dose-effect association between benzene exposure and bladder cancer.”   

The results of these recent studies suggest that the cancer hazard related to blood cancers, that is 
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well-accepted in association with benzene exposures in humans, may also apply to cancer of the 

urinary tract, including bladder cancer. Therefore, these more recent studies identify bladder 

cancer as a potential human health hazard related to benzene exposure as well.  Although the 

human study data are limited, these new studies are supportive of my overall conclusions that 

cancer, including specifically bladder cancer, is a human health hazard that has been linked to 

benzene exposure in humans. The implications these data when assessing the cancer hazard of 

bladder cancer associated with exposure to contaminated water at Camp Lejeune is discussed 

when the issue of exposures to chemical mixtures and cancer hazard is discussed (discussed in 

Section VII). 

 

 48. As already discussed above, all four of the chemicals that contaminated the water 

at Camp Lejeune (perchloroethylene, trichloroethylene, vinyl chloride, and benzene) can be 

metabolized in humans and that metabolism leads to production of active metabolites that are 

responsible for their adverse effects in biological systems. In the case of benzene, the toxic 

metabolites are formed after oxidation of the chemical by liver enzymes (known as cytochrome 

P450 or “CYP” enzymes; reviewed in ATSDR 2024a; Henderson et al. 1989; Lindstrom et al. 

1997; Ross 1996; Ross 2000), and these same enzymes also are found in other tissues in the 

human body including the bone marrow and the kidneys as well (ATSDR 2024a; Abdelmegeed 

et al. 2017). The enzyme CYP2E1 has a specific role in the production of reactive benzene 

metabolites (e.g., Gut et al. 1996), and this same enzyme is found in other tissues in the human 

body including the kidneys (e.g., Liu and Baliga 2003; Abdelmegeed et al. 2017).  

More detail on the role of metabolism of benzene may play as part of the mechanism underlying 

bladder cancer is discussed in Section VI. 

 

 49. A characteristic of benzene, like all four of the chemicals in contaminated water at 

Camp Lejeune, that is relevant to this case, and to the hazard posed by the chemical, is its 

toxicokinetics. The toxicokinetic profile of benzene have been extensively reviewed (e.g., EPA 

1998; ATSDR 2024a; IARC 2012; IARC 2018). Authors have implicated the reactive 

metabolites formed in humans with toxicity in a variety of tissues and cells (e.g., Ross et al. 

1990; Valentine et al. 1996; Nebert et al. 2002; Huff 2007), including the bladder (e.g., Xie et al. 
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2024). The toxic metabolites that are excreted into urine include phenol, hydroquinone, and 

catechol (e.g., Rothman et al. 1998); all compounds known to be toxic (IARC 2018).  

 

50. Benzene is extensively absorbed after inhalation and oral exposures in humans 

(reviewed in ATSDR 2024a; Parke and Williams 1953; Nomiyama and Nomiyama 1974; 

Sabourin et al. 1987; Trukall et al. 1988; Pekari et al. 1992; Laitinen et al. 1994; Lindstrom et al. 

1994; Yu and Weisel 1996). After dermal or skin contact in humans, absorption of benzene in a 

liquid form has been shown to occur as well (reviewed in ATSDR 2024a; Lindstrom et al. 1994; 

Modjtahedi and Maibach 2008). Once benzene is absorbed into blood, it is distributed to all 

tissues in the body and can cross the blood-brain barrier as well as the placenta (as reviewed in 

ATSDR 2024a; Winek et al. 1967; Tauber 1970; Winek and Collum 1971; Pekari et al. 1992). 

The chemical also distributes to fatty tissues and into breast milk due to the lipophilicity30 of the 

compound (as reviewed in ATSDR 2024a; Ghantous and Danielsson 1986; Zhang et al. 2020). 

 

51. As already mentioned, the metabolism of benzene in the body leads to the 

production of toxic metabolites that are thought to be responsible for the adverse effects the 

chemical has on biological systems, including the mechanisms that lead to cancer. As is the case 

for perchloroethylene and trichloroethylene, the metabolism of benzene to toxic metabolites is 

saturable at higher levels of exposure (as reviewed in ATSDR 2024a; Sabourin et al. 1987; 

Knutsen et al. 2013a, 2013b), meaning that more extensive metabolite formation occurs at low 

levels of exposure as compared to higher exposure levels. This is important in the current case 

because the exposures experienced at Camp Lejeune may have been to lower daily levels as 

compared to exposure reported in epidemiological studies performed in worker populations in 

the past.  

 

52. Once benzene’s toxic metabolites have been formed, they are primarily excreted 

through the kidneys into urine (e.g., Rothman et al. 1998). As described for perchloroethylene 

and trichloroethylene, once metabolites are excreted into urine, they contact tissues of the urinary 

system and even remain in the bladder for a period of time (hours, multiple times each day). 

 
30 Lipophilicity means the chemical readily dissolves in fat or other lipid-rich tissues. 
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Specific metabolites will be discussed in Section VII of this report as they relate to the likely 

mechanisms for carcinogenesis after exposure to contaminated water at Camp Lejeune. 

 

53.  Based upon my education, training and experience, and considering the data and 

information identified and reviewed, it is my opinion to a reasonable degree of scientific 

certainty that it is at least as likely as not that exposure to benzene from contaminated water at 

Camp Lejeune was hazardous to human health generally, that exposure to the Camp Lejeune 

water contaminated with benzene specially is hazardous to human health, and, further, that the 

human health hazard could include the development of bladder cancer. This conclusion was 

reached based on: (1) review of data collected in numerous toxicological studies (studies in cells 

and tissues, animals and in humans); (2) data showing that benzene was one of the four 

chemicals that contaminated the water at Camp Lejeune for decades; (3) consideration of the fact 

that the routes of exposure for humans that may have lived and worked at Camp Lejeune and 

were exposed to the contaminated water would have encompassed multiple relevant routes of 

exposure addressed in toxicological studies and human epidemiological studies (i.e., ingestion of 

water, inhalation of volatilized benzene, and dermal contact); (4) consideration of the 

toxicokinetic profile of benzene that would impact human health hazard such as formation of 

reactive metabolites that have been linked to mechanisms of cancer (this information is discussed 

in Section VI of this report); and (5) my training and experience in human health hazard 

assessment, including experience with benzene human health hazard and risk assessment. 

 

D. Vinyl Chloride 
 

 54. Vinyl chloride (C2H3Cl; CAS Number 75-01-4) is also known by the chemical 

names of chloroethene and chloroethylene. Its structure is shown below in Figure 4.31 

  

 
31 https://pubchem.ncbi.nlm.nih.gov/compound/Vinyl-Chloride#section=2D-Structure  
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Figure 4: Structure of Vinyl Chloride 

 

 

 

 

 

 

 

 

 

The human health hazards associated with exposure to vinyl chloride also are well-known and 

have been the subject of numerous US government documents (e.g., EPA 1986a; EPA 2000a; 

ATSDR 2024b; NTP 2021d), and documents related to human health hazards associated with 

vinyl chloride authored by other authoritative bodies (e.g., IARC 1997; IARC 2008; IARC 2012; 

Health Canada 2013). Each of the government bodies and authoritative bodies who have 

produced consensus reviews related to perchloroethylene and human health hazards based their 

decisions on the same type of scientific evidence (peer-reviewed published studies) that I have 

relied upon in forming my opinions in this case and includes much of the same evidence I cite in 

this report.  Of course, my research has the benefit of the availability of more recent supportive 

evidence. A review of all these documents shows that the principal adverse human health effects 

linked to exposure to vinyl chloride, regardless of the route of exposure, have included 

immunological effects, liver effects, reproductive effects, developmental effects, and cancer. 

Vinyl chloride has been classified as “carcinogenic to humans” by IARC (2012), as 

“carcinogenic in humans by all routes of exposure” by EPA (2000), and as “a known human 

carcinogen” by NTP (2021c). 

 

55. Vinyl chloride has not been identified as increasing the risk of bladder cancer in 

humans, yet a scientific consensus exists that exposure to vinyl chloride is a cancer hazard 

generally, and that it can cause certain types of cancer (ATSDR 2017a; Wagoner 1983; Kielhorn 

et al. 2000; Bolt 2005). The existence of a cancer hazard is well-accepted in association with 

vinyl chloride exposures in humans, with liver cancer being the focus of much human as well as 
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animal research (as reviewed in IARC 2012; Table 3.1; e.g., Maltoni et al. 1981; Feron et al. 

1981; Til et al. 1991).  The implications of this association of vinyl chloride with a cancer hazard 

generally for assessing the cancer hazard of bladder cancer in this case is discussed when the 

issue of exposures chemical mixtures is discussed (discussed in Section VII). 

 

 56. As already discussed above, all four of the chemicals that contaminated the water 

at Camp Lejeune (perchloroethylene, trichloroethylene, vinyl chloride, and benzene) can be 

metabolized in humans and that metabolism leads to production of active metabolites that are 

responsible for their adverse effects in biological systems (as reviewed in IARC 2012; Gehring et 

al. 1978; Chiang et al. 1997). In the case of vinyl chloride, the toxic metabolites are formed after 

oxidation of the chemical by liver enzymes (known as cytochrome P450 or “CYP” enzymes; 

ATSDR 2024b; IARC 2012; Salmon 1976; Ivanetich et al. 1977; Sabadie et al. 1980), 

specifically involved is CYP2E1 (IARC 2012; Schindler et al. 2007; Hsieh et al. 2007), and 

these same enzymes also are found in other tissues in the human body including the kidneys 

(e.g., Liu and Baliga 2003; Abdelmegeed et al. 2017).  

 

 57. A characteristic of vinyl chloride, like all four of the chemicals in contaminated 

water at Camp Lejeune, that is relevant to this case, and to the hazard posed by the chemical, is 

its toxicokinetics. The toxicokinetic profile of vinyl chloride have been extensively reviewed 

(e.g., Bolt et al. 2005; EPA 2000a; ATSDR 2024b; IARC 2012).   

 

58. Vinyl chloride is extensively absorbed after inhalation and oral exposures in 

humans (as reviewed in ATSDR 2024b; Withey 1976; Watanabe et al. 1976; Krajewski et al. 

1980). Once vinyl chloride is absorbed into blood, it is distributed to all tissues in the body and 

can cross the blood-brain barrier as well as the placenta (as reviewed in ATDSR 2024b; Bolt et 

al. 1976; Watanabe et al. 1976; Buchter et al. 1977; Ungvary et al. 1978). Unlike 

perchloroethylene and tetrachloroethylene in particular, vinyl chloride and its metabolites do not 

appear to accumulate in fatty tissues with repeated exposures (Watanabe et al. 1978). 

 

59. As already mentioned, the metabolism of vinyl chloride in the body leads to the 

production of toxic metabolites that are thought to be responsible for the adverse effects the 
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chemical has on biological systems, including the mechanisms that lead to cancer. As was 

reported for the other three chemicals that contaminated Camp Lejeune water, the metabolism of 

vinyl chloride to toxic metabolites is saturable (ATSDR 2024b; Bolt et al. 1977; Bolt 2005), 

meaning that more extensive metabolite formation occurs at low levels of exposure as compared 

to higher exposure levels. Again, this issue is important in the current case because the exposures 

experienced at Camp Lejeune could have been lower daily levels as compared to exposures 

reported in humans in the past. 

 

60. Based upon my education, training and experience, and considering the data and 

information identified and reviewed, it is my opinion to a reasonable degree of scientific 

certainty that it is at least as likely as not that exposure to vinyl chloride from contaminated 

water at Camp Lejeune was hazardous to human health generally, that exposure to the Camp 

Lejeune water contaminated with vinyl chloride specially is hazardous to human health, and, 

further, that the human health hazard would include the development of cancer. This conclusion 

was reached based on: (1) review of data collected in numerous toxicological studies (studies in 

cells and tissues, animals and in humans); (2) data showing that vinyl chloride was one of the 

four chemicals that contaminated the water at Camp Lejeune for decades; (3) consideration of 

the fact that the routes of exposure for humans that may have lived and worked at Camp Lejeune 

and were exposed to the contaminated water would have encompassed multiple relevant routes 

of exposure addressed in toxicological studies and human epidemiological studies (i.e., ingestion 

of water, inhalation of volatilized vinyl chloride, and dermal contact); (4) consideration of the 

toxicokinetic profile of vinyl chloride that would impact human health hazard such as formation 

of reactive metabolites that have been linked to mechanisms of cancer (this information is 

discussed in Section VI of this report); and (5) my training and experience in human health 

hazard assessment, including experience with vinyl chloride human health hazard and risk 

assessment. 

 

E. Hazards Posed by Exposure to the Mixture of Chemical Contaminants in 
Camp Lejeune Water 
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61. In this case, a series of papers have been published in the peer-reviewed literature 

that reflect epidemiological studies performed in the Camp Lejeune population that reported 

cancer as a human health hazard (Bove et al. 2014a; Bove et al. 2014b; Ruckart et al. 2015; 

Bove et al. 2024a; Bove et al. 2024b).  

 

62. Bove et al. (2014a) was a retrospective cohort mortality study conducted in 

populations of Marine and Naval personnel who began service during 1975-1985 and were 

stationed either at Camp Lejeune (exposure to contaminated water) or Camp Pendleton, 

California (no known exposure to contaminated water in the relevant time frame32). A similar 

retrospective cohort mortality study of civilian, full-time workers employed at Camp Lejeune 

during 1973–1985 and potentially exposed to contaminated drinking water also has been 

conducted, where the comparison cohort was composed of Camp Pendleton workers employed 

during 1973–1985 and unexposed to contaminated drinking water (Bove et al. 2014b). Given the 

fact that the exposed groups in these two studies were people that had actually ingested the 

mixture of chemicals in Camp Lejeune water, the results were of importance to my cancer hazard 

opinions. The authors of the studies reported elevated hazard ratios (HRs) for military personnel 

at Camp Lejeune for several causes of death including cancers of the kidney, liver, esophagus, 

cervix, as well as multiple myeloma, Hodgkin’s lymphoma, and amyotrophic lateral sclerosis 

(ALS).  Similarly, the civilian cohort exposed to the contaminated water at Camp Lejeune also 

exhibited elevated HRs for several causes of death including cancers of the kidney, rectum, and 

oral cavity, as well as leukemias, multiple myeloma, and Parkinson’s disease. The third study 

related to cancer and exposure to Camp Lejeune water focused on the risk of breast cancer in 

men (Ruckart et al. 2015). In the case-control study, the results “suggested possible associations 

between male breast cancer and being stationed at Camp Lejeune and cumulative exposure to 

PCE [perchloroethylene], DCE [dichloroethylene], and vinyl chloride, while TCE 

[trichloroethylene], PCE, DCE and vinyl chloride cumulative exposures showed possible 

associations with earlier age at onset of male breast cancer.” The results reported were not 

 
32 The authors indicated that Camp Pendleton was chosen as a comparator cohort based on the assumption that the 
Camp Pendleton cohort had not been exposed to the chemicals that contaminated the water at Camp Lejeune.  If the 
Camp Pendleton cohort had been exposed to chemicals, however, the risk ratios reported in the studies comparing 
Camp Lejeune to Camp Pendleton would be expected to be underestimates of risk actually attributable to chemical 
exposures at Camp Lejeune. 
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conclusive, however, given the small number of cases in the exposed population. All three of 

these studies provide important evidence for the cancer hazard linked to the mixture of chemicals 

to which people were exposed at Camp Lejeune. All three of these studies corroborate the 

chemical-specific cancer hazard assessments I describe in this report.  Yet, the fact that the two 

studies by Bove and colleagues (Bove et al. 2014a; Bove et al. 2014b) are mortality studies also 

should be considered in the context of the latency period of bladder cancer in humans. Given the 

fact that bladder cancer can have a latency period of decades and can be treated such that the life 

of affected individuals would be prolonged, it is possible that an endpoint other than mortality 

would have been needed to detect a causal association between exposure to contaminated water 

at Camp Lejeune and bladder cancer. 

 

63. Two more recent studies have been published by Bove and colleagues (Bove et al. 

2024a; Bove et al. 2024b) both relate to the Camp Lejeune population and their exposure to 

contaminated water. One study (Bove et al. 2024a) is a cohort mortality study among people 

who lived and worked at Camp Lejeune from as compared to people who lived and worked at 

Camp Pendleton, a base where there has been no exposure to contaminated water on base; this 

mortality study had an added 10-years of follow-up as compared to the 2014 mortality studies 

(Bove et al. 2014a; Bove et al. 2014b).  The second 2024 study (Bove et al. 2024b) is a cohort 

cancer incidence study among people who lived and worked at Camp Lejeune, again as 

compared to people who lived and worked at Camp Pendleton (a similar but un-exposed 

population). In the mortality study, exposure to contaminated water at Camp Lejeune was again 

associated with elevated HR values for cancers of a variety of tissues. In the cancer incidence 

study, where the endpoint did not need to have led to death, the cancer data was based on 

diagnoses between 1996 and 2017 and was obtained from 54 different cancer registries. The 

authors reported increased risks of several cancers among the people exposed to the 

contaminated water at Camp Lejeune. These additional studies on the Camp Lejeune population 

corroborate the chemical-specific cancer hazard assessments I describe in my report.  They also 

must be considered in light of the fact that bladder cancer can have a latency period of decades 

and can be treated such that the life of affected individuals would be prolonged. In his recent 

depositions33, Dr. Bove has confirmed this would be at issue in this case given younger median 

 
33 Depositions of Frank J. Bove dated October 18 of 2024 at pages 59 and 127). 
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age in the cohort of marines, as compared to the average age at diagnosis for bladder cancer, 

meaning that the studies likely understated the incidence of bladder cancer.  

 

64. When the epidemiological data on people that lived and worked at Camp 

LeJeune, as well as all of the other information reviewed and listed in this section of my report, 

is considered in light of my education, training, and experience, it is my opinion to a reasonable 

degree of scientific certainty that it is at least as likely as not that exposure to the chemicals that 

contaminated water at Camp Lejeune was hazardous to human health generally, and that the 

human health hazard would include the development of cancer. Although there was no increased 

risk of death due to bladder cancer in the studies by Bove et al. (2014a, 2014b, 2024a), the 

authors identified bladder cancer as one of the diseases with a relatively long survival rate and, 

as such, “would require long-term follow-up to the Camp LeJeune cohort to fully evaluate the 

health impacts” of the contaminated drinking water (Bove et al. 2014b). The results of the 

cancer incidence study (Bove et al. 2024b) reported an adjusted HR for bladder cancer 0f 1.09 

for all types of bladder cancer and 1.09 for urothelial cell cancer of the bladder specifically; 

urothelial cell cancer cases were the most common type reported accounting for 97% of the 

cases. Thus, the studies conducted on people that lived and worked at Camp Lejeune add to the 

overall evidence that are supportive of my opinion that that exposure to perchloroethylene and 

trichloroethylene in the contaminated water at Camp Lejeune posed a bladder cancer hazard to 

humans.   

 

VI. Hill Considerations and Support for a Causal Relationship 
Between Bladder Cancer and Exposure to Camp Lejeune Water  
 

 65.  As discussed in Section V, the human health hazard that I have identified in 

association with all four chemicals that contaminated the water at Camp Lejeune 

(perchloroethylene, trichloroethylene, benzene, and vinyl chloride) was cancer generally, and in 

the case of perchloroethylene, trichloroethylene, and benzene, the human health hazard was 

identified as bladder cancer specifically. As mentioned in Section IV, to understand whether an 

identified hazard would be expected after an exposure, a toxicologist typically would look at 

what types of biological information are available that relate to the generally accepted ways that 
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cancer can develop in tissues such as the bladder. Biologic plausibility also is one of the Hill 

considerations that is considered when assessing cause-and-effect as part of any general 

causation assessment. There are two terms used by toxicologists to discuss biological 

information that explains what processes underly a type of adverse effect, i.e., “mechanism of 

action” and “mode of action”. Toxicologists refer to a “mode of action” as the sequence of major 

biochemical events that lead to an adverse response,34 while “mechanism of action” provides 

details on the biological processes that underly a mode of action. In the current case, the mode of 

action for cancer, specifically human bladder cancer, was the focus of my assessment.   

 

66. Also as discussed in Section IV, toxicology data and information also are an 

important part of any database of studies and may be adequate to support three additional Hill 

considerations: experiment, analogy, and coherence.  Experiment is a consideration that involves 

determining if there are data that have been collected in studies in cells, tissues, or animals that 

can assist in analyzing cause-and-effect. An example of such studies would be genotoxicity 

studies as well as lifetime cancer studies in rodents. Analogy is a Hill consideration that 

describes looking at experience with similar chemicals in humans to see if the chemicals share 

biological properties that might be relevant to the mode of action for injury, in this case cancer.  

Coherence is a Hill consideration that addresses the question of whether the reported effect fits 

with the known pattern of disease. Data and information to support coherence also can be found 

in studies in cells, tissue, or animals. 

 

67. Therefore, as a toxicologist in this case, I have formed opinions about these four 

Hill considerations based on the body of information I have reviewed that relate to exposure to 

the contaminated water at Camp Lejeune and cancer generally, as well as bladder cancer 

specifically. 

 

A. Biologic Plausibility 
 

68. In the case of the chemicals that contaminated the water at Camp Lejeune, 

consensus reviews have been performed in recent years by regulatory and authoritative bodies 

 
34 https://www.epa.gov/expobox/epa-expobox-terminology  
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such as the EPA, the ATSDR, the National Academy of Sciences (NAS), and IARC. Such 

reviews are based upon the current body of scientific knowledge as demonstrated in the peer-

reviewed scientific literature and provide important sources of information related to the 

biological processes that are affected in mammalian cells and tissues (in vitro studies) as well as 

in vivo in animals and humans following exposure to the chemicals of interest in this case. The 

authors of these documents, documents that have undergone a peer-review process (internal 

and/or external), provide specific statements and conclusions that were reached about the 

underlying mechanisms or “mode of action” for induction of cancer in humans, including 

statements and conclusions regarding specific types of cancer. It is important to realize that data 

relevant to describing a mode of action for an adverse outcome observed in humans is elucidated 

most reliably by data collected either in vitro in cells and tissues or in vivo in animals because of 

the controls that can be put in place to allow for understanding the specific effects linked to a 

chemical exposure, controls that cannot be accounted for in most human epidemiological35 

studies. Just as in the field of toxicology generally, the consensus reviews related to cancer mode 

of action relied on studies in cells and tissues to understand how a chemical may be producing an 

adverse effect on human health such as cancer. In this case, although consensus opinions are 

relevant, I did not rely on the conclusions reached by the authoritative bodies that are stated in 

the consensus reviews, but instead used those documents as a starting point only, performing 

additional literature searches on the topic of mode of action for cancer associated with each of 

the four chemicals, and then evaluating studies and data in a weight-of-the-evidence assessment.  

 

69. The exact molecular mechanism by which almost any chemical produces its 

effects, even in animals, is not known. Not knowing every detail about the molecular mechanism 

underlying trichloroethylene, perchloroethylene, benzene, or vinyl chloride exposure and 

carcinogenesis, however, does not mean that the available data fail to provide support for a likely 

cancer mode of action. In fact, we know some important things about all four of these chemicals, 

information that supports the biologic plausibility of the relationship between exposure to these 

chemicals and human bladder cancer. The mechanistic data discussed here provides highly 

plausible biological support for the hazard of human bladder cancer identified from human and 

 
35 Clinical studies to address cancer mode of action would be unethical to conduct for probable or known human 
carcinogens like perchloroethylene, trichloroethylene, benzene, and vinyl chloride. 
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animal studies and contributes to the overall information available for consideration when a 

causation analysis is performed by other experts in this litigation. 

 

70. Before discussing the data and information for any of the four specific chemicals 

that relate to mode of action for cancer, it is important to understand some of the basic 

knowledge around the process of chemical carcinogenesis. As taught in textbooks of toxicology, 

chemical carcinogenesis is understood to involve a series of stages or steps and is referred to as 

“multistage carcinogenesis” (Klaunig and Wang 2019). Three defined stages have been 

identified: initiation, promotion, and progression. Initiation is a process where a stable heritable 

change in a cell. Promotion is the process whereby the heritable change in the cell leads to 

proliferation of the cell and/or a decrease in cell death, and the subsequent growth of 

preneoplastic lesions. Progression is the third stage in the multistage process whereby the 

preneoplastic lesion converts to the cellular phenotype of a tumor cell. In some references, a 

fourth stage, malignant transformation is described which is the process whereby the tumor cell, 

which could be benign, takes on a malignant phenotype. In cases where a chemical has actions to 

initiate, promote, and affect tumor progression as well, the chemicals are sometimes described as 

being “complete” carcinogens (Miller et al. 2017); such chemicals can, by themselves, result in 

cancer induction. Using that definition, all four of the chemicals (perchloroethylene, 

trichloroethylene, benzene, and vinyl chloride) at issue in the current case have been shown to be 

“complete” carcinogens based on studies in animals where exposures to those four chemicals 

alone were able to induce some form of cancer in an animal. 

 

71. Also as discussed in toxicology textbooks, there are two basic types of chemical 

carcinogens, i.e., substances that can result in cancer after exposure of cells or tissues to the 

chemical. The two broad types are genotoxic carcinogens and non-genotoxic carcinogens 

(Klaunig and Wang 2019).  The term “genotoxic” refers to actual damage to the DNA in cells 

which can include single- and double-strand breaks to the DNA, point mutations, deletions, 

chromosomal aberrations, micronuclei formation, and even altered DNA repair. A non-genotoxic 

carcinogen is one that does not act by directly damaging DNA but instead leads to epigenetic 

changes in cells which are changes caused by modification of gene expression rather than 

alteration of the genetic code (mutation) itself. It is the general categories of genotoxic versus 
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non-genotoxic carcinogens that are often referred to in scientific literature when the discussion 

centers around a likely mode of action for a particular carcinogenic chemical. This same 

distinction will be used to discuss the likely mode of action for the four chemicals at issue in this 

case (i.e., perchloroethylene, trichloroethylene, benzene, and vinyl chloride).  

   

72. As described in Section V, I have reviewed a variety of sources of information 

concerning the adverse effects on human health of the four chemicals that contaminated the 

water at Camp Lejeune (i.e., perchloroethylene, trichloroethylene, benzene, and vinyl chloride). 

Those sources included consensus reviews, as well as literature identified in those documents, as 

well as through my own searches of the published literature, and my previous experience over 

the last 30 years working on projects where the toxicity of these four chemicals was at issue.  My 

review identified important information related to the biological processes that are affected in 

mammalian cells and tissues (in vitro studies) as well as in vivo in animals following exposure to 

the four chemicals at issue in this case and were informative with respect to the likely cancer 

mode of action for each. I reviewed all of the information I identified for each chemical and 

applied a weight-of-the-evidence approach to reach my conclusions. 

 

 73. Important support for the biologic plausibility of the relationship between bladder 

cancer and exposure to any chemical, including perchloroethylene, trichloroethylene, or benzene, 

is based in the physiology of the human urinary system and how bladder tissue specifically can 

be exposed to carcinogenic substances. I have already discussed that, in the case of these three 

chemicals (perchloroethylene, trichloroethylene, and benzene), reactive/toxic metabolites are 

formed after exposure. Although these metabolites may be formed after circulation of the 

compounds in blood through the liver (perchloroethylene, trichloroethylene, and benzene), I also 

described how the kidney has the capacity to metabolize perchloroethylene and trichloroethylene 

and that the metabolites formed by glutathione conjugation in the kidney itself have been linked 

to a biologic mechanism for human kidney cancer (e.g., IARC 2012; ATSDR 2019a; ATSDR 

2019b; Luo et al. 2018). In the case of benzene, studies have shown that the toxic metabolites 

formed in humans are excreted into urine (e.g., Rothman 1998).  Once the reactive metabolites 

are present in, or formed in the kidney, basic human anatomy dictates that they may act locally in 

the kidney but also would be excreted into urine and pass from the kidney into the bladder.  

Case 7:23-cv-00897-RJ     Document 464-2     Filed 08/24/25     Page 42 of 120



42 
 

 

 74. The kidneys and the bladder are two distinct organ types in the human body that 

together with the renal pelvis, ureters, and urethra make up the urinary system (see Figure 5). 

 

Figure 5: Anatomical Depiction of the Human Urinary System Components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Like any organ system, specific types of cancer may develop in specific cell types within the 

organ. In the case of bladder cancer, urothelial cell cancer is the most frequent type.36  Urothelial 

cell cancer has also been known as transitional cell carcinoma. Urothelial cells are the cells that 

line the inside of the bladder, but they also are found on the lining of the kidney, renal pelvis, 

ureters, and the urethra. Based on the anatomy of the urinary system alone, and because of being 

 
36 https://www.mayoclinic.org/diseases-conditions/bladder-cancer/symptoms-causes/syc-20356104  
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the cell type lining the tissues of the human urinary system (kidney, renal pelvis, ureter, bladder 

and urethra), urothelial cells are directly exposed to urine as well as any of the chemicals that 

might be excreted into urine.  

 

 75.  As a result of the anatomy and physiology of the human urinary system, a key 

issue in my assessment of a likely mode of action for cancer of the urothelial cells that line the 

kidneys and bladder was to determine if the toxic metabolites of the four chemicals that are 

formed had the capacity to damage DNA, either directly through a genotoxic mode of action or 

that they caused epigenetic changes that have been lined to carcinogenesis (a non-genotoxic 

mode of action).  

 

76. Scientific studies have shown that kidney toxicity associated with 

perchloroethylene exposure involves the following metabolic processes: (1) perchloroethylene 

conjugation with glutathione to form the compound S-(1,2,2-trichlorovinyl) glutathione (TCVG); 

(2) followed by processing of TCVG in the kidney to form S-(1,2,2-trichlorovinyl)-L-cysteine 

(TCVC); which is then followed by formation of the reactive metabolites (toxic metabolites) N-

acetyl trichlorovinyl cysteine (NAcTCVC) and dichloroacetic acid (Lash and Parker 2001; 

Cichocki et al. 2016). These toxic metabolites are excreted into urine (as reviewed in EPA 2012; 

Lash et al. 2007; Cichocki et al. 2016; Luo et al. 2018), which means the entire human urinary 

system is exposed to the toxic perchloroethylene metabolites after they are excreted into urine.  

Once these perchloroethylene metabolites are in urine, studies have indicated the metabolites act 

to cause cancer through a genotoxic mode of action (reviewed in Cichocki et al. 2016; Dekant et 

al. 1986a; Vamvakas et al. 1989a; Vamvakas et al. 1989b; Dreessen et al. 2003).  

 

77. Details on what specific metabolites are linked to adverse effects associated with 

trichloroethylene exposure, including carcinogenesis, also are found in the scientific literature. 

Scientific studies have elucidated the metabolic pathways for trichloroethylene, and the results of 

those studies have shown that kidney toxicity associated with trichloroethylene exposure 

involves trichloroethylene conjugation with glutathione to form the toxic metabolites S-

dichlorovinyl-cysteine (DCVC); and S-dichlorovinyl-glutathione (DCVG) (Moore et al. 2010; 

Cichocki et al. 2016). These toxic metabolites are excreted into urine (as reviewed in EPA 2011; 
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Lash et al. 2007; Cichocki et al. 2016; Luo et al. 2018). This means that, as was the case for 

perchloroethylene, the entire urinary system would be exposed to the toxic/reactive metabolites 

that are excreted into urine. Once these trichloroethylene metabolites are in urine, studies have 

indicated the metabolites act through a genotoxic mode of action (reviewed in Cichocki et al. 

2016; Jaffe et al. 1985; Dekant et al. 1986b; Vamvakas et al. 1988; Vamvakas et al. 1989b; 

Dreessen et al. 2003; Mally et al. 2006; Clay 2008). Then. as recently discussed in the literature 

(Lash 2024): “Moreover, it has been established and accepted that virtually all of the adverse 

acute or chronic effects of TCE [trichloroethylene] exposure are dependent on its metabolism.” 

 

78. As discussed in textbooks, chemicals that require metabolic activation to produce 

toxic effects in target cells (cells where cancer will develop) and that then result in genotoxic 

events are often acting at the initiation stage of carcinogenesis (Klaunig and Wang 2019). 

Therefore, after contact with the contaminated water at Camp Lejeune it would be expected that 

urothelial cells would be in direct contact with genotoxic compounds that have been linked to a 

biologically plausible mode of action for cancer (in the case of both perchloroethylene and 

trichloroethylene). Therefore, it is my opinion that when considering the known anatomy and 

function of the urinary system in humans, it is biologically plausible that toxic metabolites that 

have been linked to toxic effects in the kidney (i.e., perchloroethylene and trichloroethylene) 

would also likely produce similar types of toxic effects in other parts of the urinary system in 

humans when cells come in contact with the toxic metabolites, i.e., urothelial cells. 

 

 79. In the case of benzene, authors have implicated the reactive metabolites formed in 

humans with toxicity in a variety of tissues and cells (e.g., Ross et al. 1990; Valentine et al. 

1996; Nebert et al. 2002; Huff 2007), including the bladder (e.g., Xie et al. 2024). The toxic 

metabolites that are excreted into urine after exposure to benzene include phenol, hydroquinone, 

and catechol; all of these metabolites are known to be toxic (IARC 2018). In fact, studies have 

shown that phenol (e.g., Erexson et al. 1985; Barale et al. 1990; Yager et al. 1990; Anderson et 

al. 1995), hydroquinone (e.g., Barale et al. 1990; Yager et al. 1990; Robertson et al. 1991; 

Anderson et al. 1995; Peng et al. 2013; Pereira et al. 2014; Luo et al. 2008), and catechol (e.g., 

Yager et al. 1990; Robertson et al. 1991; Anderson et al. 1995; Barreto et al. 2009) are 

genotoxic.  Therefore, as is mentioned with respect to genotoxic metabolites of 
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perchloroethylene and trichloroethylene that are excreted into urine, the benzene genotoxic 

metabolites also would be in direct contact with urothelial cells in the human urinary system 

once they are excreted into urine.  

 

80. In the 2020 document entitled Risk Evaluation for Perchloroethylene (Ethene, 

1,1,2,2-Tetrachloro-) CASRN: 127-18-4 (EPA 2020a), the issue of the mode of action for tumor 

formation (carcinogenicity) of perchloroethylene in animals is discussed.  Using a weight-of-the-

evidence methodology, EPA concluded that metabolism is a key event in the mode of action for 

carcinogenicity and that metabolites of perchloroethylene are mutagenic. These conclusions 

reached by the EPA are supportive of my assessment of the likely mode of action for 

perchloroethylene to produce human urinary system cancer, specifically urothelial cell cancer.  

 

 81. In its 2012 review of perchloroethylene’s cancer hazard for humans, IARC also 

provided a detailed discussion of the mechanism of carcinogenesis that they had identified from 

review of the peer-reviewed scientific literature (IARC 2012). It is important to realize that even 

though IARC is not a regulatory authority, its review process and all conclusions reflect the 

consensus decisions made by global experts in their field and without influence from industry or 

other parties with known conflicts of interest.  In 2012, the panel of scientists that formed the 

Working Group at IARC concluded that reactive (toxic) metabolites formed in both the liver and 

kidney are genotoxic and their formation provides a plausible mechanistic basis for 

carcinogenesis in human tissues.  IARC also pointed out that the metabolic pathways that have 

been characterized in humans as well as animals are qualitatively the same, even though humans 

and animals may differ in terms of the extent of metabolism and metabolite formation across 

species. These findings by IARC in 2012 also are supportive of my assessment of the likely 

mode of action for perchloroethylene-induced cancer of the urinary system. 

 

 82. In its 2019 review of the toxicity of perchloroethylene (ATSDR 2019a), ATSDR 

addressed the biological processes that underly mode of action for perchloroethylene as well (the 

compound is referred to by an alternative name, tetrachloroethylene, by ATSDR). Similar to 

discussion found in the EPA and IARC consensus review documents, ATSDR described the 

formation of reactive metabolites in liver and kidney as being important in terms of the 
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mechanism underlying toxic effects, even linking formation of those metabolites to toxic effects 

in liver and kidney tissue. ATSDR also points out (ATSDR 2012 at page 215) that the 

differences in toxicity in terms of dose-response seen in different animal species, such as rats 

versus mice, “correlates well with differences in the metabolism of the compound.”  Moreover, 

these conclusions by ATSDR are supportive of my assessment of the likely mode of action for 

perchloroethylene-induced cancer of the urinary system. 

 

 83. I identified several peer-reviewed papers of particular relevance to the discussion 

of biologic plausibility of the bladder cancer hazard linked to perchloroethylene and 

trichloroethylene exposure in humans. For example, Luo et al. (2018)37 performed studies in vivo 

in mice that had been genetically modified to either exhibit no expression of the CYP2E1 gene 

(knockout of the gene) or to express the human form of the CYP2E1 gene, thus having the 

capability to produce human CYP2E1 in liver. The mice were exposed to perchloroethylene sub-

acutely (intra-gastric administration of 100 mg perchloroethylene/kg bw/day for five days). 

Separate groups of genetically modified mice also were exposed to trichloroethylene, a single 

intra-gastric dose (600 mg trichloroethylene/kg bw) and those data will be discussed later in the 

section related to trichloroethylene mode of action. These researchers found that CYP 

metabolism played a critical role in generating metabolites that caused toxicity to both the liver 

and the kidney. They also summarized the knowledge in 2018 of the roles of oxidation of 

perchloroethylene as well as trichloroethylene in the liver and the action of glutathione 

conjugation as well (see page 490 of Luo et al. 2018). 

“Both TCE and PCE are also metabolized by GSH conjugation via GSH-S-transferases 

(GSTs) to generate dichloro- or trichloro- GSH conjugates (DCVG/TCVG) (Lash et al., 

2000). These conjugates can be further metabolized by hepatic or renal gamma glutamyl 

transferase and dipeptidase to form cysteine conjugates (S-(1, 2-dichlorovinyl)-cysteine 

[DCVC]/ S-(1, 2, 2-trichlorovinyl)-cysteine [TCVC]), and then are subject to n-

acetylation to form NAcDCVC or NAcTCVC. These can be further bio-activated by a 

number of enzymes, including cysteine conjugate beta lyase, flavin monooxygenase, and 

CYPs, to form nephrotoxic metabolites such as reactive thiols (Volkel and Dekant, 1998) 

 
37 This paper was part of the 2020 EPA review and the 2019 ATSDR review but was published after IARC’s review. 
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and sulfoxides (Elfarra and Krause, 2007; Lash et al., 2001, 2003; Ripp et al., 1997; 

Werner et al., 1996).” 

The issue of similarities overall in the formation of reactive metabolites during metabolism of 

perchloroethylene and trichloroethylene is further discussed with respect to the hazards posed by 

exposure to a mixture of chemicals in the contaminated water at Camp Lejeune. 

 

84. As is the case for perchloroethylene, trichloroethylene consensus reviews also 

contain information related to the biological processes that are affected in mammalian cells and 

tissues (in vitro studies) as well as in vivo in animals that relate to a likely cancer mode of action 

for trichloroethylene (e.g., EPA 2011; EPA 2020b; ATSDR 2019b; IARC 2012). I reviewed 

these documents as well and considered the individual pieces of scientific information and data 

discussed. The weight-of-the-evidence shows that the key initial event is metabolism of 

trichloroethylene in mammals, including humans, and that the formation of reactive metabolites 

leads to genotoxic events as well as initiation of non-genotoxic/epigenetic changes that then may 

lead to cancer. It is important to note that trichloroethylene and perchloroethylene share 

similarities in terms of the metabolic pathways involved. Both compounds form toxic and 

reactive metabolites due to actions of CYP2E1 and both also undergo glutathione conjugation in 

the liver as well as the kidney; these metabolic similarities are described in the consensus 

reviews. Therefore, the information in the consensus reviews is supportive of my assessment of 

the likely mode of action for human urinary system cancer after exposure to trichloroethylene. 

 

 85. Moreover, when considered together, the available data and information I have 

reviewed and considered provide for a biologically plausible mode of action for all three 

chemicals discussed here (perchloroethylene, trichloroethylene, and benzene) to cause bladder 

cancer in humans, providing evidence that fulfills the Hill consideration. The mode of action 

involves metabolism of each of these chemicals to reactive/toxic metabolites that are genotoxic 

in cells and tissues. The data and information also support extrapolation of this mode of action to 

human carcinogenesis that is linked to perchloroethylene, trichloroethylene, or benzene.  
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86. The last of the four chemicals that contaminated the Camp Lejeune water and that 

I evaluated with respect to a biologically plausible mode of action for human cancer was vinyl 

chloride. As described in Section V, consensus reviews related to vinyl chloride by EPA (EPA 

2000a), ATSDR (ATSDR 2024), and IARC (IARC 2012) are available; these reviews were 

important sources of information related to the biological processes that are affected in 

mammalian cells and tissues (in vitro studies) as well as in vivo in animals following exposure to 

vinyl chloride and also were informative with respect to consensus opinions about the likely 

cancer mode of action for vinyl chloride. I reviewed these documents and considered the 

individual pieces of scientific information and data discussed. In the case of vinyl chloride, the 

toxic metabolites are formed after oxidation of the chemical by liver enzymes (known as 

cytochrome P450 or “CYP” enzymes; ATSDR 2024b; IARC 2012; Salmon 1976; Ivanetich et al. 

1977; Sabadie et al. 1980; Chiang et al. 1997), specifically involved is CYP2E1 (IARC 2012d; 

Schindler et al. 2007; Hsieh et al. 2007), and this same enzymes also is found in other tissues in 

the human body including the kidneys (Liu and Baliga 2003; Abdelmegeed et al. 2017). The key 

toxic metabolite formed by the action of CYP2E1 is known as chloroethylene oxide and it has 

been shown to be genotoxic (Chiang et al. 1997). As a result, it is biologically plausible that 

formation of vinyl chloride’s genotoxic metabolite by kidney CYP2E1 activity could result in 

excretion of the metabolite into urine and exposure of urothelial cells to another genotoxic entity.  

 

 87. Since the exposure to Camp Lejeune water involved exposure to a mixture of 

chemicals, I also addressed what the scientific information and data showed with respect to 

biologic plausibility of the relationship between the water at Camp Lejeune and human cancer. 

Considered together, the scientific data and information for all four of the chemicals that 

contaminated the water at Camp Lejeune support the biologic plausibility of the relationship 

between cancer hazard in humans and exposure to the chemicals in the contaminated water. All 

four chemicals are metabolized in the liver or other tissues in the body, including the kidney, to 

form toxic metabolites. The weight-of-the-evidence indicates the metabolites of all four 

chemicals are genotoxic.  These characteristics, metabolism to reactive metabolites and the fact 

that the metabolites are genotoxic, are a similar feature of perchloroethylene, trichloroethylene, 
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benzene, and vinyl chloride in terms of the biologically plausible mode of action for cancer 

generally in humans. 

 

 88. In conclusion, when considered together, the scientific literature on the biological 

effects of trichloroethylene, perchloroethylene, and benzene provide sufficient evidence to show 

that exposure to these chemicals is associated with cellular changes that have been linked to 

carcinogenesis and that a plausible biological mechanism for carcinogenesis following exposure 

to perchloroethylene, trichloroethylene, and benzene more likely than not involves the steps of 

(1) formation of reactive metabolites in the liver and in kidneys; (2) excretion of the reactive 

metabolites into urine where they come in contact with cells that line the urinary system 

(urothelial cells); (4) interaction of the reactive and genotoxic metabolites with urothelial cells; 

and (5) initiation of genotoxic events that can lead to carcinogenicity in the bladder. The Hill 

consideration of biologic plausibility has, therefore, been fulfilled based on the weight-of-the-

scientific evidence considered.  

 

B. Experiment 
 

 89. “Experiment” as a Hill consideration relates to the ability to collect data to 

analyze the cause-and-effect relationship. In most causation assessments, the type of data 

relevant to this consideration are not human studies but are data collected in animals or cells that 

relate to the endpoint of concern and the exposure being considered. In this case, I focused on the 

Hill consideration of experiment with respect to support for the cause-and-effect relationship 

between bladder cancer and exposure to the three chemicals that I have concluded are associated 

with the cancer hazard of bladder cancer, i.e., perchloroethylene, trichloroethylene, and benzene.   

 

90. Studies relevant to this Hill consideration and perchloroethylene, 

trichloroethylene, and benzene exposure include the numerous cancer studies in animals that 

involved both oral and inhalation exposure to perchloroethylene (paragraph 26), cancer studies in 

animals that involved both oral and inhalation exposure to trichloroethylene (paragraph 36), and 

cancer studies in animals that involved both inhalation and oral exposure to benzene (paragraph 

45). The studies described for all three chemicals share the characteristic of having been 
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designed to determine whether exposure to perchloroethylene, trichloroethylene, or benzene 

could cause some form of cancer in a mammal, in these cases rats as well as mice were tested in 

studies that approached the lifetime of the animals. As taught in textbooks, such studies in 

animals are a tool used routinely by regulatory authorities and scientists alike to provide inform 

on the likelihood that exposure to a chemical could cause cancer in humans (Klaunig and Wang 

2019). These studies have the key advantages of being able to provide a direct comparison 

between exposed and non-exposed animals over the same time period and to deliver specific, 

controlled levels of exposure to the animal by a route of exposure that might be relevant for 

human hazard and risk assessment purposes. Since the animals are genetically the same in all 

study groups, a major source of variability in human epidemiological studies, inter-individual 

genetic differences, is now controlled for in the animals. Importantly, regulators often use the 

results of such cancer studies in animals to quantify risks to humans; the data is analyzed 

statistically and the number of tumors that are found when sacrificing the animals that have been 

exposed at various doses of the chemical are compared to the number of tumors found in 

unexposed animals. The statistical analysis applied results in defining the exposure-response 

relationship between the chemical and tumor formation that is referred to as either a “cancer 

slope factor” (for an oral animal study) or an “inhalation unit risk” value (for an inhalation 

study). Put more simply, the results of these animal studies allow a toxicologist to define the 

level of probability that might be associated with an exposure in humans. In the current case, the 

animal studies provide scientific evidence supporting a relationship between exposure to all three 

chemicals individually (perchloroethylene, trichloroethylene, and benzene) and an increased 

incidence of tumor formation (cancer) in animals. 

 

91. As taught in textbooks of toxicology, genotoxicity studies are a common 

experimental system that was developed to assess the potential carcinogenicity of chemicals to 

which humans may be exposed (Klaunig and Wang 2019). Genotoxicity is defined as the 

potential of a substance to alter or damage the genetic material of a cell, its DNA. Mutagenicity 

is a specific type of genotoxicity where mutations in the genetic code are produced, Genotoxicity 

is the broader term and refers to mutations in DNA as well as other types of damage or 

alterations in the DNA of a cell.  Genotoxicity testing is required around the world as part of 

regulatory submission for many different types of consumer products that contain chemicals 
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(e.g., human drugs, medical devices, pesticides, industrial chemicals, food additives) and there 

are now standardized protocols that have been developed.38  Such testing that was first 

developed in the 1970’s (the Ames tests of mutagenicity) has the advantage of being short-term 

and inexpensive to conduct as compared to lifetime cancer bioassays in animals or even human 

epidemiology studies. Genotoxicity testing was initially used to predict whether or not a 

chemical could cause cancer but with the evolution of the science around carcinogenesis and the 

complexity of the process, genotoxicity testing data is used to provide insight into mechanisms 

of carcinogenicity. 

 

92. In the case of perchloroethylene, trichloroethylene, and benzene, the genotoxicity 

studies discussed this report are examples of “experiment” as well. Genotoxicity studies also are 

discussed in the consensus review documents described in this report where a comprehensive 

listing is provided of the genotoxicity studies that have been performed on each of the three 

chemicals. A review of the most recent consensus review document relate to perchloroethylene 

(EPA 2020a) shows that the genotoxicity of both the parent compound and its reactive 

metabolites has been assessed (see Appendix J to the EPA 2020a document).  My review of the 

published literature and the studies discussed in consensus reviews related to perchloroethylene 

reveals that perchloroethylene genotoxicity is linked to the presence of the compound’s reactive 

metabolites (i.e., Reichert et al. 1983; Vamvakas et al. 1989a; Vamvakas et al. 1989b; Vamvakas 

et al. 1989c; DeMarini et al. 1994; Dreesen et al. 2003; Irving and Elfarra 2013). In the case of 

trichloroethylene, the most recent consensus review document (EPA 2020b) shows that when the 

genotoxicity of the parent compound and its reactive metabolites are compared, it is when the 

reactive metabolites are tested that a positive signal for genotoxicity is reported (e.g., Cichocki et 

al. 2016; Jaffe et al. 1985; Vamvakas et al. 1988a; Vamvakas et al. 1988b; Vamvakas et al. 

1989b; Dreessen et al. 2003; Malley et al. 2006; Clay 2008).  In the case of benzene, the 

genotoxicity database includes studies on both the parent compound and its metabolites and 

again shows that genotoxicity is linked to the presence of reactive benzene metabolites.  

 

 

 
38 https://www.oecd.org/en/publications/overview-on-genetic-toxicology-tgs_9789264274761-en.html  
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93. A third category of studies that are relevant to the Hill consideration of 

“experiment” are studies done in animals that had genetic alterations to their CYP liver enzyme 

systems, the enzymes that are known to metabolize a chemical to its reactive or toxic form. The 

animals are then exposed to the chemical to see if the toxicity in the animals is different or even 

prevented. One such study was discussed earlier (Luo et al. 2018) where role of the metabolism 

in the mode of action of perchloroethylene and trichloroethylene was assessed (Luo et al. 2018; 

paragraph 67). Luo et al. (2018) performed studies in vivo in mice that had been genetically 

modified to exhibit no expression of the CYP2E1 gene (knockout of the gene). The mice were 

exposed to perchloroethylene sub-acutely (intra-gastric administration of 100 mg 

perchloroethylene/kg bw/day for five days). Separate groups of genetically modified mice also 

were exposed to trichloroethylene, a single intra-gastric dose (600 mg trichloroethylene/kg bw). 

These researchers found that functional CYP metabolism played a critical, but not exclusive, role 

in generating metabolites that caused toxicity to both the liver and the kidney. This is expected 

given the fact that the scientific literature points to both CYP2E1 metabolism and glutathione 

conjugation as both being involved in perchloroethylene and trichloroethylene toxicity in both 

animals and in humans. 

 

94. When considered together, the scientific literature describing genotoxicity studies 

and animal cancer studies where cells or animals were exposed to perchloroethylene, 

trichloroethylene, or benzene provide evidence that exposure to these chemicals produce cellular 

changes that have been linked to carcinogenesis in humans (genotoxicity studies) or that 

exposure in vivo in animals was consistently associated with an increased risk of tumor 

formation as compared to unexposed control groups of animals. These results are supportive of a 

cause-and-effect relationship between exposure to perchloroethylene, trichloroethylene, or 

benzene and cancer generally but when combined with the information related to the biologically 

plausible mechanism for bladder cancer already discussed, these studies can be used as part of a 

causation analysis to address the Hill consideration of experiment and support a cause-and-effect 

relationship between exposure to chemicals that contaminated the water at Camp Lejeune and 

bladder cancer in humans..  
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C. Analogy 
 

95. “Analogy” is another of the nine Hill considerations and it also can be important 

when assessing cause-and-effect. As discussed by Dr. Hill: “In some circumstances it would be 

fair to judge by analogy. With the effects of thalidomide and rubella before us we would surely 

be ready to accept slighter but similar evidence with another drug or another viral disease in 

pregnancy.” In this case, consideration of the toxicology data related to structurally and 

chemically similar compounds would be relevant. In the case of the four chemicals at issue in 

this case, two of them, perchloroethylene and trichloroethylene, are structurally very similar, as 

shown in Figure 6 below: 

 

Figure 6: Structural comparison of Perchloroethylene(left) and Trichloroethylene (right) 

  

 

 

 

 

 

 

 

 

Inspection of Figure 6 shows that they differ only by the substitution of one hydrogen atom with 

a chlorine atom and even maintain the same two-carbon backbone: chemical formula of 

perchloroethylene is C2Cl4 while trichloroethylene is C2HCl3. Based on general principles of 

chemistry that are part of my education and training as a pharmacologist and toxicologist, these 

two chemicals would be expected to share certain biological properties such as similar 

pharmacokinetics and metabolism and even similar target organs of toxicity due to the presence 

of the multiple functional chlorine groups on a simple carbon backbone.  As already discussed in 

some detail in this report, the pharmacokinetics and basic metabolism pathways are very similar 

for the two chemicals. In terms of target organs of toxicity, the two chemicals also have 

similarity, with both chemicals having toxic effects evidence in the liver and the kidney, and 
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both chemicals being linked to kidney cancer in humans via a similar genotoxic mode of action 

(EPA 2020a; EPA 2020b).  

 

 96. When considered together, the basic chemical and structural similarities of 

perchloroethylene and trichloroethylene as well as the scientific literature describing toxic effects 

in animals and in humans provide scientific support that fulfills the Hill consideration of analogy 

and provides support for a cause-and-effect relationship between exposure to these two 

chemicals in water at Camp Lejeune and bladder cancer in humans. 

 

D. Coherence 
 

 97. The issue of “coherence” among the Hill considerations relates to whether the 

reported effect fits with the known pattern of disease.  As described by Hill in 1965, data to 

support causation should not “seriously conflict with the generally known facts of the natural 

history and biology of the disease.” My review of the human epidemiological data showing an 

association of exposure to perchloroethylene as well as trichloroethylene with bladder cancer in 

humans as well as the information and data discussed already with respect to mode of action and 

biologic plausibility of such a relationship are consistent with what is known about the 

epidemiology and etiology of bladder cancer.   

 

 98. For example, in a recent review paper (Halaseh et al. 2022) that describes the 

epidemiology and etiology of bladder cancer, the authors state with respect to etiology: 

“The wall of the urinary bladder consists of four components: mucosa, submucosa, 

muscularis, and serosa. The typical urothelium of the mucosa is composed of a seven-cell 

thick layer of stratified, non-squamous, homogeneous cells with big umbrella cells on 

top. Tumors arising from the urothelial cells compromise most bladder cancer, with a 

rough estimation of 90%. They are formally known as transitional cell carcinoma. Other 

non-urothelial bladder malignancies that can arise include squamous cell carcinoma 

(SCC), small cell carcinoma, adenocarcinoma, and other tumors with mixed histology 

[11,12]. Due to urothelial direct exposure, the urothelial subtype is strongly related to 

exposure to chemicals, such as workers exposed or tobacco smoking.” 
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With respect to epidemiology, the paper lists risk factors for bladder cancer that include aging, 

sex (males have in increased risk as compared to females), cigarette smoking, and occupational 

and environmental toxin exposures. Thus, the pattern of bladder cancer as a disease would 

include a finding that exposure to chemicals such as perchloroethylene, trichloroethylene, and 

benzene could increase the risk of the disease in humans. The discussion of bladder cancer 

etiology and epidemiology in this paper is a discussion of facts around the natural history and 

biology of the disease that are described by Hill (1965).   

 

 99. To fulfill the Hill consideration of coherence, I compared what is known about the 

toxic effects of perchloroethylene, trichloroethylene, and benzene generally with the information 

discussed in the scientific literature about how bladder cancer develops, what risk factors are 

known, as well as the basic biology of the human urinary system. As I describe in Sections V and 

VI of this report, the toxicological and toxicokinetic characteristics of perchloroethylene, 

trichloroethylene, and benzene provide support for a mode of action for bladder cancer that fits 

within current information on disease etiology and epidemiology. I would note that in the 

consensus review documents related to perchloroethylene and trichloroethylene by EPA, 

ATSDR, and IARC, as part of the epidemiological study evaluations, they point to the need to 

consider the risk factor of smoking, and they also describe the effect that age and sex can have 

on the epidemiological study conclusions that are drawn. In most of the epidemiology studies 

conducted that focused on exposure to perchloroethylene or trichloroethylene, they were 

performed in worker populations where the hypothesis being tested was whether certain types of 

workplace exposures to the chemicals increased the risk of cancer of many types, including the 

risk of bladder cancer in some cases (e.g., EPA 2011; EPA 2012; EPA 2020a; EPA 2020b; IARC 

2012). The studies performed in the population of people that lived and worked at Camp Lejeune 

(Bove et al. 2014a; Bove et al. 2014b; Ruckart et al. 2015) also considered the risk factors of 

smoking, age and sex when discussing their results. As a result, the Hill consideration of 

coherence is fulfilled.  
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VII. Chemical Mixtures and Carcinogenic Hazard and Risks in 
Exposed Populations 
 

100. When considered together with general principles of toxicology, the available 

data relating to the cancer hazard of bladder cancer must be considered in light of the fact that 

human exposures at Camp Lejeune were to four different chemicals simultaneously in water, i.e., 

a mixture, and that each of those four chemicals have been associated with the human health 

hazard of cancer. 

 

101. The EPA has addressed the issue of risk assessment methods for chemical 

mixtures and has published guidance on how to perform a mixtures human health risk 

assessment for an exposed population (EPA 1986; EPA 2000b). EPA’s guidance documents are 

found at https://www.epa.gov/risk/guidelines-health-risk-assessment-chemical-mixtures . The 

EPA website states:   

“The 1986 Guidelines for the Health Risk Assessment of Chemical Mixtures 

represent the Agency's science policy and are a procedural guide for evaluating data on 

the health risks from exposures to chemical mixtures. The emphasis is on dose response 

and risk characterization. The principles and concepts put forth in the Guidelines remain 

in effect. However, in 2000, EPA issued a new document, Supplementary Guidance for 

Conducting Health Risk Assessment of Chemical Mixtures (EPA/630/R-00/002 - August 

2000). While the Guidelines describe broad principles and include few specific procedures, 

the 2000 guidance is a supplement that is intended to provide more detail on these 

principles and their applications.” 

This EPA guidance outlines the methodology that I have used in the past, and also is generally 

used by other scientists in the field of human health risk assessment today, when estimating 

cancer risks in a population that has been exposed to a mixture of chemicals that are known to 

pose a cancer hazard (typically chemicals classified as probable or known human carcinogens by 

an authoritative body). The field of mixtures cancer risk assessment is an evolving field in 

science, but the EPA methodology is the generally accepted method used when considering risks 

to exposed populations when decisions need to be made in terms of preventing future adverse 

health effects in populations affected by chemical exposures. 
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102.  In the current case, studies of humans exposed to the water at Camp Lejeune 

would be highly relevant to addressing concerns linked to exposure to a chemical mixture, not a 

single chemical. As already discussed in Section V.E., five such human epidemiological studies 

(i.e., Bove et al. 2014a; Bove et al. 2014b; Ruckart et al. 2015; Bove et al. 2024a; Bove et al. 

2024b) have been performed and these studies provide evidence for a human cancer hazard 

linked specifically to exposure to the water at Camp Lejeune that was a mixture of four toxic 

chemicals (perchloroethylene, trichloroethylene, benzene, and vinyl chloride).  

 

103. All five human epidemiological studies that relate to the Camp Lejeune 

population and cancer were performed by scientists employed by the Agency for Toxic 

Substances and Disease Registry (ATSDR). Following their initial peer-reviewed publications in 

2014 and 2015, the ATSDR published a separate type of analysis, a population human health risk 

assessment. The human health risk assessment is described as a “public health assessment” 

related to exposure to contaminated water at Camp Lejeune (ATSDR 2017a).  In that document, 

the agency concluded that residents, workers, Marine and naval personnel, and Marines-in-

training at Camp Lejeune had been exposed to contaminants in drinking water at levels that 

could have harmed their health as well as increasing their risk of cancer.  The ATSDR found that 

exposures to water from the Hadnot Point Water System, the Tarawa Terrace Water System, and 

the Holcomb Boulevard Water System posed a risk to human health. Importantly, the ATSDR 

scientists recognized the issue of exposure to a mixture of chemicals that contaminated the water 

at Camp Lejeune. The agency acknowledged that the field is evolving and that there are 

limitations to use of the EPA methodology. They stated (page 43 of ATSDR 2017a):  

“ATSDR notes that a limitation inherent in the public health assessment process is that 

scientists do not have a complete understanding of how simultaneous exposures to 

several environmental contaminants influence the magnitude of health effects. This is 

a limitation of the evolving field of mixtures assessments.” 

Even though they acknowledged limitations in the methodology for mixtures risk assessment, the 

ATSDR Public Health Assessment document (ATSDR 2017a) quantified the risk of cancer 

attributed to exposure to the mixture of chemicals in Camp Lejeune water using existing EPA 

guidance for cancer risk assessment of chemical mixtures (EPA 1986; EPA 2000b); this 
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approach is consistent with actions taken by scientists in the US at other sites of environmental 

contamination.  

 

104. In their risk assessment, the scientists at the ATSDR considered exposure through 

direct ingestion of drinking water, dermal contact/exposure to water, as well as inhalation of the 

volatile organic chemicals found in the water as a result of activities such as showering39 and 

bathing. In their exposure assessment, they assumed that the exposure was for a period of three 

years while living or working on the base. The ATSDR found that there was an increased risk of 

cancer in people exposed to the contaminated water at Camp Lejeune that exceeded the 

acceptable risk levels typically applied in EPA cancer risk assessments for populations exposed 

to chemical contaminants in the environment; excess cancer risk was found to be more than 1 in 

10,000 in most cases across all ages of individuals studied (children; workers that lived off the 

base as well as Marines that trained on the case; Figure 9 of ATSDR 2017a) and more than 1 in 

100,000 in other instances (Figure 10 of ATSDR 2017a). Given that available data had shown 

that exposure to a mixture of the four chemical water contaminants was likely, and that the four 

chemicals at issue shared some important properties (i.e., all were volatile organic chemicals; all 

have to be absorbed and metabolized to reactive metabolites; and that the metabolites formed 

likely are carcinogenic due to a genotoxic mode of action in some tissues), it is my opinion that 

the use of mixtures risk assessment approach was scientifically valid.  

 

 105. A second mixtures cancer risk assessment for humans exposed to contaminated 

drinking water at Camp Lejeune was recently published in the peer-reviewed literature 

(Rosenfeld et al. 2024). The authors used a mixtures risk assessment method very similar to the 

one that had been used by the ATSDR in 2017. The risk assessment also considered exposure 

through ingestion (oral), dermal and inhalation exposure pathways using exposure assessment 

data provided in the ATSDR 2017 Public Health Assessment document (ATSDR 2017a) and 

applying the ATSDR’s 2017 data in exposure assessments based on EPA guidance related to 

human health risk assessments (EPA 1989; EPA 2004). The authors reported that 

trichlorethylene and vinyl chloride were “the risk drivers” in their assessment in terms of cancer 

 
39 Studies have shown the heating of the water during showering and bathing results in exposure to volatile organic 
compounds (e.g., Chen et al. 2003; Franco et al. 2007). 
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hazard while benzene and perchloroethylene contributed to the cumulative cancer risk for 

Marines that lived and worked at Camp Lejeune from 1953 to 1987. Importantly, they found: 

 “VC [vinyl chloride] and TCE [trichloroethylene] exposure for periods as short as 1 

month can exceed a 1 in a million de minimis cancer risk value.” [emphasis added]   

This statement about risk in the population even with consideration of only a one-month 

exposure period is important because as discussed in the ATSDR (2017a) public health 

assessment, many of the people that lived and worked on the base likely were exposed for years, 

not a single month (see page 20 in ATSDR 2017a). Importantly, the assessment provided by 

Rosenfeld and colleagues (2024) confirms the cancer hazard and even the general level of risk 

that was estimated for the population and that ATSDR had identified in their 2017 Public Health 

Assessment. 

 

 106. In 2024, the EPA’s guidance on risk assessment for chemical mixtures, including 

methods to be used in cancer risk assessment, can be found at 

https://www.epa.gov/risk/guidelines-health-risk-assessment-chemical-mixtures [accessed 

November 15, 2024]. The EPA website states:   

“The 1986 Guidelines for the Health Risk Assessment of Chemical Mixtures 

represent the Agency's science policy and are a procedural guide for evaluating data on 

the health risks from exposures to chemical mixtures. The emphasis is on dose response 

and risk characterization. The principles and concepts put forth in the Guidelines remain 

in effect. However, in 2000, EPA issued a new document, Supplementary Guidance for 

Conducting Health Risk Assessment of Chemical Mixtures (EPA/630/R-00/002 - August 

2000). While the Guidelines describe broad principles and include few specific procedures, 

the 2000 guidance is a supplement that is intended to provide more detail on these 

principles and their applications.” 

Therefore, given that EPA today is still proposing their mixtures guidance as appropriate for use 

when performing a mixtures chemical risk assessment where cancer is the endpoint of concern, I 

performed a mixtures health risk assessment based on available exposure data for Camp Lejeune 

as well. 
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107. In designing my mixtures risk assessment approach, I decided to focus first on the 

oral ingestion pathway for perchloroethylene, trichloroethylene, benzene, and vinyl chloride that 

would be associated with drinking water on base. This was done because if the cancer risk level 

for the Camp Lejeune population is elevated over the accepted de minimis of one in a million-

cancer risk level (1x10-6) for a population based only on consideration of that one known 

exposure pathway, then adding consideration of the additional exposure pathways (i.e., 

inhalation and dermal) would only increase the estimated risk further and likely would not 

change the conclusion that the level of risk in the population. I also chose to initially determine 

the impact of oral ingestion of the mixture of toxic chemicals found in the Camp Lejeune water. 

given the fact that dermal exposures to perchloroethylene, trichloroethylene, benzene, and vinyl 

chloride had already been shown to be minor in terms of their contribution to overall levels of 

exposure to the chemicals (Rosenfeld et al. 2024; ATSDR 2017a), and the fact that the modeling 

of inhalation exposures is inherently more uncertain based on exposure assumptions that must be 

made in cases where inhalation is attributed to showering and bathing in contaminated water (see 

equations listed on page 124 of Rosenfeld et al. 2024).  

 

108. In Appendix D to this report, a spreadsheet showing the details of my risk 

calculations is provided. The equation I used to calculate an oral exposure dose is the one used in 

Rosenfeld et al. (2015) and recommended by EPA for cancer risk assessment (EPA 200a) but 

with use of some different input data for certain variables that I chose based on my experience 

and training in performing a population risk assessment. Based upon my training and experience 

in toxicology and risk assessment, the assumptions I applied were both appropriate and 

reasonable. The equation is: 

 

Dose (mg/kg-day) = water (mg/L) x Intake rate (L/day) x 365 (days/year) x 3 years 

(365 days/year x 78 years) x 70 kg bw 

 

First, although there were children living on base that were exposed to the contaminated water at 

Camp Lejeune, I only assumed adult exposures. I assumed a 70 kg body weight, which is a 
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standard adult body weight used by risk assessors40, to account for both males and females in the 

population and both military personnel and civilian workers. I assumed either 4 L per day or 8 L 

per day of water ingestion and then input either the mean level of a chemical contaminant from 

the Tarawa Terrace System (1975-1985), the mean level of a chemical contaminant from the 

Hadnot Point System (1975-1985) or the mean level of a chemical contaminant in water from 

those two systems combined (the average of the values from both water systems). The levels of 

chemical contaminants in water are found in Tables 1a and 1b of ATSDR (2017a). I chose 4 Lor 

8 L of intake per day based on estimates used in ATSDR (2017a) where adults were estimated to 

be drinking from 3-4 L of water per day. The 8 L ingestion rate was chosen based on statements 

in Bove et al. (2014a) that combining the 4 L per day water ingestion rate with dermal and 

inhalation exposures from showering twice a day could result in a consumption equivalent of up 

to 8 liters of drinking water per day. The calculated dose of each chemical is then multiplied by 

the unique cancer slope factor (CSF) that has been determined for each of the four chemicals; the 

description of what a cancer slope factor is can be found above in paragraph 90; it is the value 

derived from results of an animal or human study that defines the exposure-response relationship 

between the chemical and tumor formation. Thus, the estimates of cancer risk for each chemical 

as shown in Appendix D result from the following general equation: 

Cancer Risk = Dose (exposure) x CSF (for oral exposure) 

In a mixtures risk assessment, the individual cancer risk values would be added together to arrive 

at an estimate of oral cancer risk due to exposure to the mixture. 

 

 109. The estimates of oral cancer risk for each chemical were added together to arrive 

at an overall estimate of oral cancer risk for the mixture. My estimates are shown below in Table 

1. 

 

 
40 The 70 kg body weight was the standard value used by EPA that was used up until 2015. 
(https://www.epa.gov/sites/default/files/2015-10/documents/human-health-2015-update-factsheet.pdf). Given this 
case involves historical exposures, I felt this value was appropriate.  
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TABLE 1 

Estimates of Cancer Risk Due to Exposure to Contaminated Water at Camp Lejeune 

Water System 
Ingestion Rate Assumed1 

(L water/day) 

Estimated Oral Cancer 

Risk 

Tarawa Terrace System 
4  1.01 E-5 

8  2.03 E-5 

Hadnot Point System 
4  7.49 E-5 

8  1.5 E-4 

Combined Systems 
4  4.28 E-5 

8  8.57 E-5 
1 The ingestion rates of 4 L or 8 L were chosen based on reasonable assumptions as described 
in paragraph 108. 

 

An estimated oral cancer risk value such as are found in Table 1 are an expression of the 

likelihood that cancer might occur in the population and be attributed to exposure to the 

contaminated Camp Lejeune water. Inspection of the estimates of cancer risk for the Camp 

Lejeune adult population shows that based only on consideration of oral ingestion, the cancer 

risk levels are well above the de minimis level, i.e., one excess case of cancer in a million people 

in the population, typically used to identify when the level of risk needs to be mitigated 

(Castorina and Woodruff 2003). In fact, the cancer risk levels estimated here for one route of 

exposure (oral only; using a 4 L per day intake rate) exceeded one in 100,000 in all cases.  In the 

case where the intake rate of Hadnot Point water was estimated to be 8 L per day in order to 

account for other known routes of exposure to the contaminated water (dermal and inhalation) 

the cancer risk is estimated to be greater than 1 in 10,000. Based on my experience in cancer risk 

assessment for populations exposed to chemicals due to environmental contamination, the levels 

of risk are unacceptable and would require interventions to prevent future exposures and mitigate 

harm to the population. 

 

 110. In the risk assessment I performed here (Appendix D), as well as in the risk 

assessments performed by ATSDR (2017a) and by Rosenfeld et al. (2024), I employed the 
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cancer slope factors developed as part of regulatory assessments by the EPA and their IRIS41 

program. The IRIS program is described by EPA42 as follows: 

“ EPA’s mission is to protect human health and the environment. EPA’s IRIS Program 

supports this mission by identifying and characterizing the health hazards of chemicals 

found in the environment. Each IRIS assessment can cover a chemical, a group of related 

chemicals, or a complex mixture. IRIS assessments are an important source of toxicity 

information used by EPA, state and local health agencies, other federal agencies, and 

international health organizations.” 

IRIS has performed cancer risk assessments for perchloroethylene, trichloroethylene, benzene, 

and vinyl chloride43 and published oral cancer slope factors for each chemical. A review of the 

IRIS website shows that the cancer slope factors (CSFs) for each of the four chemicals were 

derived based on use of linear extrapolation methods.  

 

111. A “linear extrapolation” means that the scientist has estimated a risk that might be 

associated with exposure to low levels of carcinogenic substances present in the environment by 

linear extrapolation from higher exposure levels at which risks can be estimated directly 

(Krewski et al. 1991). This is important because the assumption is made that there is a linear 

relationship between an exposure level and the risk estimate even though there are situations 

where this may not be the case. An example relevant to this case is when there is a saturation of 

the metabolic process that results in formation of the ultimate carcinogen. This was discussed 

above with respect to all four of the chemicals that contaminated the water at Camp Lejeune and 

it means that more extensive toxic metabolite formation occurs with all four chemicals at low 

levels of exposure as compared to higher exposure levels. This is referred to as a “supralinear” 

relationship and can be depicted as shown below in Figure 7. By using a linear method for 

extrapolation in derivation of the CDFs for each of the four chemicals that contaminated the 

water at Camp Lejeune, use of these CDF values in a cancer risk assessment my actually 

underestimate cancer risk levels when exposure is to low doses that are not affected by saturation 

of the enzymes that activate the chemicals. 

 
41 IRIS is the acronym for the Integrated Risk Information System at EPA (https://www.epa.gov/iris).   
42 https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system  
43 https://iris.epa.gov/AtoZ/?list_type=alpha 
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Figure 7: Depiction of supralinear extrapolation of cancer risk estimates 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 112. Considered together, the cancer risk assessments that have been performed by 

others and by myself are consistent in showing that people that lived or worked at Camp Lejeune 

were exposed to a hazard to human health generally, and specifically to a cancer hazard. This 

risk would include a risk of bladder cancer given the fact that, based on my assessment of cancer 

hazard, three of the four chemicals contained in the contaminated water at Camp Lejeune have 

been linked to that form of cancer in humans.   

 

VIII. Cancer Hazards in Humans: How Inter-Individual Differences 
in the Human Population Can Affect the Susceptibility of Certain 
Individuals to Cancer 
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 113. It is well-established that there are differences between humans in a population 

that can affect their response to a chemical exposure (Faustman 201944). They are sometimes 

referred to as “inter-individual” differences. Inter-individual differences can be due to readily 

identifiable characteristics such as age, sex, and health status, but also important are things such 

as genetics, diet and lifestyle, and body composition (percentage fat versus lean mass). In some 

cases, inter-individual differences in toxic responses to a chemical may be a function of how 

many times a person may have been exposed to that chemical, or similar chemicals, in the past. 

 

114. In human risk assessment guidance and guidance applied to chemical-specific 

human health assessments as well, the scientific literature, regulatory agencies and authoritative 

bodies will refer to the issue of inter-individual differences and discuss how it may impact 

hazard and risk assessment using the term “susceptibility factors” (e.g., Perera 1996; Sexton 

1997; Faustman 2019; Varshavsky et al. 2023; EPA 2011; EPA 2012; EPA 2020a; EPA 2020b; 

IARC 2012; IARC 2018). The same type of factors that are considered inter-individual 

differences are discussed as susceptibility factors (i.e., age, sex, body composition, genetics, 

health status). The importance of such differences between exposed people in a population on 

toxic effects or responses that are associated with a chemical exposure explains why it is that not 

everyone in a population that is exposed to a similar level of a chemical will experience an 

adverse effect (Varshavsky et al. 2023). Based on these known principles of science that affect 

chemical toxicity potential, not everyone exposed to the contaminated water at Camp Lejeune 

would be expected to develop cancer, or even the same type of cancer. Below is a description of 

the conclusions relevant to individual susceptibility that have been supported by scientific data, 

including discussion of conclusions drawn by scientists and authoritative bodies related to 

perchloroethylene, trichlorethylene, benzene, and vinyl chloride. Consideration of the evidence 

in this case indicates that inter-individual differences related to toxic responses elicited after 

exposure to different individuals among the human population would be expected to occur in the 

case of all four of the chemicals that contaminated the water at Camp Lejeune.  

 

 
44 Faustman, E.M. 2019 Risk assessment. In: Casarett & Doull’s Toxicology: The Basic Science of Poisons, 9th 
Edition. McGraw-Hill: New York, NY. Chapter 4. 
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115. In a recent peer-reviewed publication (Varshavsky et al. 2023), the authors 

describe the intrinsic and extrinsic factors that influence human variability in terms of chemical 

exposure-response relationships and “heighten the susceptibility to toxic environmental 

exposures in human health risk assessment.”  Figure 1 in the paper (shown below) summarizes 

some of the factors that they authors refer to as either “intrinsic” or “extrinsic” factors.  

 

 

 

 

 

 

 

 

 

 

As mentioned, these factors may interact such that their impact is additive or even synergistic in 

terms of impacting the level of risk that might be seen as compared to persons that do not exhibit 

susceptibility factors. An important concept described in the paper is the fact that extrinsic and 

intrinsic factors can interact to increase the risk of experiencing an adverse health outcome in 

association with any exposure, and that current risk assessment methods do not account for such 

interactions. Clearly, the issue of inter-individual susceptibility factors is an important 

consideration whenever the risks to a population are characterized and when conclusions may 

need to be applied to any individuals within a population. 

 

116. An example of a general description of the issue of susceptible populations also is 

found within consensus reviews with respect to the individual chemicals at issue in this case. For 

example, the recent EPA assessment of perchloroethylene (EPA 2020a). EPA has stated: 

 “Factors affecting susceptibility examined in the available studies on PCE include 

lifestage, biological sex, genetic polymorphisms, race/ethnicity, preexisting health status, 

lifestyle factors, and nutrition status. Individuals exhibiting any of these factors can be 

considered part of a susceptible subpopulation.” [page 335 of EPA 2020a] 

Case 7:23-cv-00897-RJ     Document 464-2     Filed 08/24/25     Page 67 of 120



67 
 

In the ATSDR Public Health Assessment in 2017 (ATSDR 2017a), the scientists recognized that 

age was an important susceptibility factor that needed to be considered.  In fact, EPA has issued 

guidance on the susceptibility of children to certain types of chemical exposures (EPA 200545) 

and provides guidance as to how to account for that susceptibility when performing a cancer risk 

assessment for chemicals where data are available to show that age affects cancer hazard. In the 

case of the chemicals that contaminated the water at Camp Lejeune, both trichloroethylene and 

vinyl chloride are recognized as posing a unique hazard to health during early life exposures 

(ATSDR 2017a; EPA 2000a; Chiu et al. 2013).  

 

 117. Another well-recognized inter-individual difference that might affect the cancer 

response in humans to exposure to the chemicals that contaminated the water at Camp Lejeune 

would be body composition. As discussed in Section V of this report, perchloroethylene and 

trichloroethylene, in particular, may accumulate in fat in humans (Cichocki et al. 2016; and as 

reviewed in EPA 2011; EPA 2020a; EPA 2012; EPA 2020b). As EPA stated in its evaluation of 

perchloroethylene (EPA 2020a): “Long residence time in adipose tissue can result in increasing 

body burden with continuous or repeated exposures.” [see page 287 of EPA 2020a] The issue of 

fatty tissue body burden is important in cases like the current case where daily exposures in 

water could occur and lead to higher levels of perchloroethylene or tetrachloroethylene in the 

body than might be reflected by a level detected at any one point in time in water.  

 

 118. Genetic differences in the human population are an inter-individual difference 

among humans that has been specifically discussed in the peer-reviewed literature as it relates to 

chemical risk assessment (e.g., Varshavsky et al. 2023), but also by authoritative bodies and 

regulatory authorities as a susceptibility factor for cancer related to exposure to all four 

chemicals at issue in this case (perchloroethylene, trichloroethylene, benzene, and vinyl 

chloride). The genetic issues relate in large part to the existence of polymorphisms46 in the key 

enzymes that metabolize these four volatile organic compounds. As already discussed, all four of 

these chemicals are metabolized by a liver CYP enzyme known as CYP2E1, which is an enzyme 

 
45 US Environmental Protection Agency. 2005. Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to Carcinogens. EPA/630/R-03/003F, March 2005. 
46 A genetic polymorphism is generated by mutations in the genes that encode for an enzyme and then can lead to a 
decreased, increased, or even no enzyme expression or activity in a cell or tissue. 
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where polymorphisms have been well-documented (e.g., Hildesheim et al. 1997; Hu et al. 1997; 

Neafsey et al. 2009; Wang et al. 2017; Ijaz et al. 2024), with the presence of CYP2E1 

polymorphisms even being linked to an increased risk of cancer (Hildesheim et al. 1997). The 

ATSDR (ATSDR 2019a) described genetic differences in metabolism of perchloroethylene in 

certain ethnic populations (which could be due to the existence of a common polymorphism), as 

well as the existence of polymorphisms in key enzymes that produce reactive metabolites. In the 

case of trichloroethylene, IARC (2012) discussed the fact that metabolism of the chemical to its 

reactive (toxic) metabolites occurs through enzymes where genetic polymorphisms exist that 

affect the extent and rate of metabolism of trichloroethylene. Similar discussion by ATSDR 

(ATSDR 2024b) is found as it pertains to the existence of genetic polymorphisms of the enzymes 

that lead to formation of vinyl chloride’s toxic metabolites, as well as benzene (ATSDR 2024a). 

Any differences in the rate and extent of metabolism of these four chemicals are relevant to the 

discussion of cancer hazard at Camp Lejeune and would be one issue to consider when 

discussing the likelihood that cancer may or may not be seen in any one individual in the 

population. 

 

 119. Sex-related differences and the effects that sex may have on the toxic responses 

that result from human exposure to benzene, vinyl chloride, perchloroethylene, and 

trichloroethylene also is a consideration. Higher body fat content in women versus men is well-

known to exist and body fat has already been mentioned. Studies in humans exposed to benzene 

have found that elimination of the chemical in women is slower than it is in men (Sato et al. 

1975; Poli et al. 2022; ATSDR 2024a) and slower elimination would mean greater opportunity 

for exposure to toxic metabolites and greater hazard posed to women as compared to men. Sex-

related differences also have been discussed with respect to the greater susceptibility of males to 

perchloroethylene-induced kidney toxicity as compared to females (e.g., Bergamaschi et al. 

1992; Lash et al. 2002; IARC 2012). 

 

 120. With respect to lifestyle factors47 that could affect susceptibility of an individual 

to cancer, the effect of alcohol intake on trichloroethylene cancer hazard has been discussed 

 
47 Although I am not performing a causation assessment in this case, with respect to bladder cancer itself, lifestyle 
factors such as smoking must be considered as part of any specific causation assessment for an individual.  
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(e.g., Koppel et al. 1988; Pastino et al. 2000; IARC 2012). Intake of alcohol is a common 

lifestyle factor to consider when liver enzymes are important to generation of reactive 

metabolites. With respect to all four of the chemicals at issue in this case, where CYP2E1 is 

involved in generation of reactive/toxic metabolites, alcohol consumption is known to induce the 

activity of the enzyme (e.g., Oneta et al. 2002; Liangpunsakul et al. 2005; Jin et al. 2013); the 

result would be increased generation of the toxic metabolites. 

 

 121. All of the information related to inter-individual differences and susceptibility 

factors in the human population is important when considering how to assess specific causation 

of disease for any individual exposed to chemicals in the water at Camp Lejeune. Given the 

documented effects of inter-individual differences and susceptibility factors on the toxicity 

response to these four chemicals (perchloroethylene, trichloroethylene, benzene, and vinyl 

chloride), the most scientifically reliable method for specific causation would not be a risk 

calculation exercise, but instead would be a differential diagnosis process. This is because as part 

of differential diagnosis, factors that could affect the hazard posed by exposure to the four 

chemicals that contaminated the water at Camp Lejeune would be accounted for by a physician 

as part of a medical assessment of alternative causes for disease in that individual. A specific or 

individual risk calculation would not be able to account for the myriad of individual factors that 

could affect the exposure-response relationship in any human. Risk calculations are a useful tool 

for estimating risks posed generally to a population that has certain characteristics in terms of 

exposure (i.e., routes of exposure possible; extent of exposures possible; duration of exposures 

possible).  

 

IX. Conclusions 
 

122. Based upon my education, training and experience, and considering the data and 

information identified and reviewed, I have formed opinions it this case that are based on a 

reasonable degree of scientific certainty. These opinions are: 

• It is at least as likely as not that exposure to the mixture of chemicals that contaminated 

water at Camp Lejeune was hazardous to human health generally and posed a cancer 

hazard to humans. 

Case 7:23-cv-00897-RJ     Document 464-2     Filed 08/24/25     Page 70 of 120



70 
 

• It is at least as likely as not that exposure to the Camp Lejeune water contaminated with 

perchloroethylene specifically is hazardous to human health, and that the human health 

hazard would include the development of bladder cancer. 

• It is at least as likely as not that exposure to the Camp Lejeune water contaminated with 

trichloroethylene specifically is hazardous to human health, and that the human health 

hazard would include the development of bladder cancer. 

• It is at least as likely as not that exposure to the Camp Lejeune water contaminated with 

benzene specifically is hazardous to human health, and that the human health hazard 

could include the development of bladder cancer. 

• It is at least as likely as not that exposure to the Camp Lejeune water contaminated with 

vinyl chloride specifically is hazardous to human health, and that the human health 

hazard would include the development of cancer. 

• Considered together, the scientific data and information related to the chemicals that 

contaminated the water at Camp Lejeune support at least four of the Hill considerations 

that are used as part of a general causation analysis. These Hill considerations include 

biologic plausibility, experiment, analogy, and coherence. Fulfillment of these four Hill 

considerations is supportive of a cause-and-effect relationship between exposure to the 

contaminated water and cancer, and specifically bladder cancer, in humans.  

• When considered together, the scientific literature on the biological effects of 

trichloroethylene, perchloroethylene, and benzene provide sufficient evidence to show 

that exposure to these chemicals affect cellular mechanisms that have been linked to 

carcinogenesis and that a plausible biological mechanism for carcinogenesis following 

exposure to perchloroethylene, trichloroethylene, and benzene likely involves the steps of  

(1) formation of reactive metabolites in the liver and/or kidneys; (2) excretion of the 

reactive metabolites into urine where they come in contact with the cells that line the 

tissues of the urinary system that include the kidney, the renal pelvis, the ureters, and the 

bladder; and (3) interaction of the reactive and genotoxic metabolites of 

perchloroethylene, trichloroethylene, and benzene with urothelial cells that line the 

urinary tract from the renal pelvis to the ureter in humans to initiate carcinogenesis. 

• When considered together with general principles of toxicology, the available data 

relating to the human health hazard of bladder cancer also must be considered in light of 
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the fact that human exposures at Camp Lejeune were to four different chemicals that each 

are associated with cancer hazard. As a result, in order to estimate risks posed to the 

populations of people that lived and worked at Camp Lejeune and were exposed to the 

contaminated water, a mixtures cancer risk assessment should be performed. When I 

performed such a population cancer risk assessment and only considered one relevant 

pathway of exposure, oral ingestion of water, the cancer risk assessment showed that 

people that lived or worked at Camp Lejeune were at an increased risk of developing 

cancer due to their exposure to the mixture of toxic chemicals that contaminated the 

water at Camp Lejeune. 

• Given the documented effects of inter-individual differences and susceptibility factors on 

the toxicity response to the four chemicals that contaminated the water at Camp Lejeune, 

the most scientifically reliable method for specific causation would not be a risk 

calculation exercise, but instead would be a differential diagnosis process. 

 

 123. I hereby certify that this report is a complete and accurate statement of all my 

opinions, and the basis and reasons for them, to which I will testify under oath.  

 

IX. Compensation 
 

 124. BioPolicy Solutions LLC is compensated at the rate of $400 per hour for my time 

on this matter.  My compensation and that of BioPolicy Solutions is not determined by the 

outcome of this case.  
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 Consultant to a variety of clients in areas of pharmacology, toxicology, risk 
assessment and regulatory strategy.  Focus on products regulated by the U.S. Food and 
Drug Administration.  Provides litigation support services as both consulting expert and 
testifying expert. 
 
Registered Patent Agent Licata & Tyrrell, P.C., Marlton, N.J., 1999 – 2023 
 Assists clients with obtaining patent protection, specializing in products used in 
medical applications (drugs, devices, dietary supplements). Assists clients with 
developing regulatory strategies for commercialization of their inventions. Provides 
regulatory support for companies engaged in manufacturing and marketing of products 
regulated by the U.S. Food and Drug Administration, the U.S. Environmental Protection 
Agency and other regulatory bodies in the U.S. and worldwide. 
 
 
President.  Integrative Biostrategies (IB) LLC, 2001- May 2020 

Consultant to a variety of clients in areas of pharmacology, toxicology, risk 
assessment and regulatory strategy.  Focus on products regulated by the U.S. Food and 
Drug Administration.  Provides litigation support services as both consulting expert and 
testifying expert. 
 
Owner.  Plunkett & Associates, Houston, Texas, 1997 – 2001 
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Consultant to a variety of clients in areas of pharmacology, toxicology, risk 
assessment and regulatory strategy.  Focus on products regulated by the U.S. Food and 
Drug Administration.  Provided litigation support services as both consulting expert and 
testifying expert. 
 
Manager.  ENVIRON Corporation, Houston, Texas, 1992 – 1997 

Consultant to a variety of clients in areas of pharmacology, toxicology, risk 
assessment and regulatory strategy.  Focus on products regulated by the U.S. Food and 
Drug Administration.  Provided litigation support services as both consulting expert and 
testifying expert. 
 
Manager.  ENVIRON Corporation, Arlington, Virginia, 1989 – 1992 

Consultant to a variety of clients in areas of pharmacology, toxicology, risk 
assessment and regulatory strategy.  Focus on products regulated by the U.S. Food and 
Drug administration.   
 
Assistant Professor.  University of Arkansas for Medical Sciences, Department of 
Pharmacology and Toxicology, 1986 – 1989 

Taught medical and graduate student courses in pharmacology (lecture and 
laboratory), neurosciences, cardiovascular pharmacology, and neuropharmacology.  
Performed basic research in area of autonomic control of cardiovascular function and 
neurochemical systems involved in autonomic function.  Recipient of extramural 
funding from the Arkansas Heart Association (principal investigator). 
 
Postdoctoral fellow.  National Institute of General Medical Sciences, Pharmacology 
Research Associate Training Program, 1984 – 1986 

Performed basic research in area of neurochemical control of cardiovascular 
function and neurochemical systems involved in autonomic function. 
 
Research Assistant.  University of Georgia, College of Pharmacy, Department of 
Pharmacology and Toxicology 1980 – 1984 

Taught laboratory courses in pharmacology to pharmacy students as part of 
graduate student assistantship responsibilities. 
 
 
HONORS AND AWARDS 
 
Chosen for PRAT program at National Institutes of Health.  Pharmacology Research 
Associate Training Program, 1984-1986. 
 
Rho Chi.  The University of Georgia, College of Pharmacy, Initiated, 1984. 
 
Recipient of Excellence in Graduate Research Award.  The University of Georgia, 
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College of Pharmacy, 1983. 
 
Alpha Lambda Delta.  The University of Georgia Chapter, 1978. 
 
 
PROFESSIONAL CERTIFICATION 
 
Registered patent agent, 1999 [Registration No. 45,015] 
Diplomate, American Board of Toxicology, 1993 to present. 
 
 
ACADEMIC AFFILIATION 
 
Adjunct Professor. Baylor University, Department of Environmental Science, 2017-
present 
 
 
PROFESSIONAL MEMBERSHIPS 
 
Member, Society of Toxicology 1992 – present 
 
President, Society of Toxicology Risk Assessment Specialty Section (RASS) 2021-2022 
 
Vice-President, Society of Toxicology Risk Assessment Specialty Section (RASS) 2020-
2021 
 
Vice-President Elect, Society of Toxicology Risk Assessment Specialty Section (RASS) 
2019-2020 
 
Councilor, Society of Toxicology Ethical, Legal, Forensic and Societal Issues Specialty 
Section (ELFSI) 2023-present 
 
Member, Lone Star Chapter Society of Toxicology 2007 – present 
 
Councilor, Lone Star Chapter Society of Toxicology 2010 - 2013 
 
Secretary, Lone Star Chapter Society of Toxicology 2013 – 2015 
 
Vice President, Lone Star Chapter Society of Toxicology 2015-2016 
 
President, Lone Star Chapter, Society of Toxicology 2016-2017 
 
Past President, Lone Star Chapter, Society of Toxicology 2017-2018 
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Member, American College of Toxicology, 1997 - present 
 
Member, Society for Risk Analysis, 2007- present 
 
President, Lone Star Chapter of the Society for Risk Analysis, 1998 
 
Councilor, Lone Star Chapter of the Society for Risk Analysis, 1999-2000 
 
Member, Regulatory Affairs Professionals Society, 2003 - present 
 
Member, Society for Neuroscience 1985 - present 
 
Member, American Association for Pharmaceutical Sciences 1992 – present 
 
Member, Society for Environmental Geochemistry and Health 1992 - present 
 
Member, ASTM Committee E06, 1990 – present 
 
Member, International Association of Plumbing and Mechanical Officials (IAPMO) 
Committee Z1123 (Prop 65) Committee, 2020 - present 
 
 
PUBLICATIONS 
 
 
1. Bobst, S, Ryan, K, Plunkett, LM, Willett, KL. 2020. ToxPoint: Toxicology studies 

on Δ9-tetrahydrocannabinol and cannabidiol-containing products available to 
consumers are lacking. Toxicol. Sci. 178:1-2. 
 

2. Rajendran, N, Seagrave, JC, Plunkett, LM, MacGregor, JA. A comparative 
assessment of the acute inhalation toxicity of vanadium compounds. Inhal. Toxicol.  
2016. 28:618-628. 
 

3. Cox, LA, Popken, DA, Kaplan, AM, Plunkett, LM, Becker, RA. How well can in 
vitro data predict in vivo effects of chemicals? Rodent carcinogenicity as a case 
study. Regul. Toxicol. Pharmacol. 2016. 77:54-64. 
 

4. Plunkett, LM, Kaplan, AM, Becker, RA.  Challenges in using the ToxRefDB as a 
resource for toxicity modeling.  Regul. Toxicol Pharmacol. 2015. 72:610-614. 
 

5. Plunkett, LM, Becker, RA, Kaplan, M. An enhanced tiered toxicity testing 
framework with triggers for assessing hazards and risks of commodity chemicals. 
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Regul. Toxicol. Pharmacol. 2010. 58:382-394. 
 
6. Chambers, A, Krewski, D, Birkett, N, Plunkett, L, Hertzberg, R, Danzeisen, R, 

Aggett, PJ, Starr, TB , Baker, S, Dourson, M, Jones, P, Keen, CL , Meek, B, Schoeny, 
R, and Slob, W J. An exposure-response curve for copper excess and deficiency. 
Toxicol. Environ. Health. 2010. 13:546- 578. 

 
7. Krewski, D, Chambers, A, Stern, BA, Aggett, PA, Plunkett, L, Rudenko, L. 

Development of a copper database for exposure-response analysis. J. Toxicol. 
Environ. Health. 2010. 73:208-216. 

 
8. Plunkett, LM, Becker, RA.  Does the standard toxicological testing paradigm for 

industrial chemicals apply to screening for children’s health risks?  The  Open 
Toxicol. J. 2008, 2:42-60.  

 
9. Becker, RA, Plunkett, LM,  Borzelleca, JF, Kaplan, AM.  Tiered toxicity testing: 

Evaluation of toxicity-based decision triggers for human health hazard 
characterization.  Food Chem. Toxicol. 2007, 45:2454-2469. 

 
10. MacGregor, JA, Plunkett, LM, Youngren, SH, Manley, A, Plunkett, JB, Starr, TB.  

Humans Appear No More Sensitive than Laboratory Animals to the Inhibition of Red 
Blood Cell Cholinesterase by Dichlorvos (DDVP).  Regul. Toxicol. Pharmacol., 
2005, 43:150-167. 

 
11. Plunkett, LM.  Do current FIFRA guideline tests protect infants and children?  

Lead as a case study.  J Regul Toxicol Pharmacol 1999;29:80-87. 
 
12. Plunkett, LM, Seifen E, Kennedy RH.  Effect of morphine pretreatment on cocaine 

cardiotoxicity in anesthetized guinea pigs.  Arch Int Pharmacodyn 1989;297:60-67. 
 
13. Zorbas M., Owens SM, Plunkett LM, Bui H.  The pharmacokinetics of [3H]-[1-(2-

thienyl)cyclohexyl]piperidine (TCP) in Sprague Dawley rats.  J Drug Metab Disposit 
1989;17:641-645. 

 
14. Seifen E, Plunkett LM, Kennedy RH.  Cardiovascular and lethal effects of cocaine 

in anesthetized dogs and guinea pigs.  Arch Int Pharmacodyn 1989;300:241-253. 
 
15. McCarty R, Plunkett LM.  Regulation of binding sites for atrial natriuretic factor 

(ANF) in rat brain.  Peptides 1988;9(S1):3-8. 
 
16. Stewart RE, Swithers SE, Plunkett LM, McCarty R.  ANF receptors:  distribution 

and regulation in central and peripheral tissues.  Neurosci Biobehav Rev 
1988;12:151-168. 
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17. Plunkett LM, Tackett RL.  Central dopamine receptors and their role in digoxin-

induced cardiotoxicity in the dog.  J Pharm Pharmacol 1987;39:29-34. 
 
18. Plunkett LM, Tackett RL.  Increases in CSF norepinephrine associated with the 

onset of cardiac glycoside toxicity.  Eur J Pharmacol 1987;136:119-122. 
 
19. McCarty R, Plunkett LM.  Quantitative autoradiographic analysis of somatostatin 

binding sites in discrete areas of rat brain.  Brain Res Bull 1987;18:289-94. 
 
20. Plunkett LM, Shigematsu K, Kurihara M, Saavedra JM.  Localization of 

angiotensin II receptors along the anteroventral-third ventricle area of the rat brain.  
Brain Res 1987;405:205-212. 

 
21. Israel A, Plunkett LM, Saavedra JM.  Increased number of angiotensin II binding 

sites determined by autoradiography in anterior pituitary of water deprived and 
Brattleboro rats.  Neuroendocrinol 1986;42:57-63. 

 
22. Saavedra JM, Correa FMA, Plunkett LM, Israel A, Kurihara M, Shigematsu K.  

Angiotensin and atrial natriuretic peptide binding in brain of hypertensive rats.  
Nature 1986;320:758-760. 

 
23. McCarty RM, Plunkett LM.  Forebrain atriopeptin binding sites:  Alterations in 

spontaneously hypertensive rats.  Neurochem Int 1986;9:177-183. 
 
24. Shigematsu K, Saavedra JM, Plunkett LM, Kurihara M, Correa FMA.  Angiotensin 

II binding sites in the anteroventral-third-ventricle (AV3V) area and related structures 
of the rat brain.  Neurosci Lett 1986 67:37-41. 

 
25. Correa FMA, Plunkett LM,  Saavedra JM.  Quantitative distribution of 

angiotensin-converting enzyme (kininase II) in discrete areas of the rat brain by 
autoradiography with computerized microdensitometry.  Brain Res 1986;275:259-
266. 

 
26. Saavedra JM, Israel A, Plunkett LM, Kurihara M, Shigematsu K, Correa FMA.  

Quantitative distribution of angiotensin II binding sites in rat brain by 
autoradiography.  Peptides 1986;7:679-687. 

 
27. McCarty R, Plunkett LM.  Binding sites for atrial natriuretic factor (ANF) in brain:  

alterations in Brattleboro rats.  Brain Res Bull 1986;17:767-772. 
 
28. Plunkett LM, Gokhale RD, Vallner JJ, Tackett RL.  Prazosin alters free and total 

plasma digoxin in dogs.  Am Heart J 1985;109:847-851. 
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29. Plunkett LM, Tackett RL.  The effects of central beta-receptor antagonism on 

digoxin cardiotoxicity.  Res Comm Chem Path Pharmacol 1985;48:209-220. 
 
30. Israel A, Saavedra JM, Plunkett L.  Water deprivation upregulates angiotensin II 

receptors in rat anterior pituitary.  Am J Physiol 1985;248 (Endocrino. Metabl. 
II):E264-E267. 

 
31. Niwa M, Shigematsu K, Plunkett L, Saavedra JM.  High affinity substance P 

binding sites in rat sympathetic ganglia.  Am J Physiol 1985;249 (Heart Circ. Physiol 
18):H694-H697. 

 
32. Correa FMA, Plunkett LM, Saavedra JM, Hichens M.  Quantitative 

autoradiographic determination of angiotensin-converting enzyme (kininase II) 
kinetics in individual rat brain nuclei with 125I-351A, a specific enzyme inhibitor.  
Brain Res 1985;347:192-195. 

 
33. Israel A, Niwa M, Plunkett LM, Saavedra JM.  High affinity angiotensin receptors 

in rat adrenal medulla.  Regul Pept 1985;11:237-243. 
 

34. Israel A, Plunkett LM, Saavedra JM.  Quantitative autoradiographic 
characterization of receptors for angiotensin II and other neuropeptides in individual 
brain nuclei and peripheral tissues from single rats.  Cell Mol Neurobiol 1985;5:211-
222. 

 
35. Plunkett LM, Correa FMA, Saavedra JM.  Quantitative autoradiographic 

determination of angiotensin-converting enzyme kinetics in rat pituitary and adrenal 
glands with 125I-135A, a specific inhibitor.  Regul Pept 1985;12:1-10. 

 
36. Plunkett LM, Saavedra JM.  Increased angiotensin II binding affinity in the nucleus 

tractus solitarius of spontaneously hypertensive rats.  Proc Natl Acad Sci 
1985;82:7721-7724. 

 
37. Plunkett LM, Tackett RL.  Central alpha receptors and their role in digoxin 

cardiotoxicity.  J Pharmacol Exp Ther 1983;227:683-686. 
 
 
ABSTRACTS 
 
1. Plunkett, L.M. Neuropharmacological Drugs and Impairment: Not So Simple to 

Define. Society of Toxicology annual meeting, March 10-14, 2024, Salt Lake City, 
UT. 

2. Plunkett, L.M. ROUNDTABLE. Women’s Health on the Frontlines: Science Behind 
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Sex-Specific Toxicology Differentials, Health Disparity, and Marginalization and 
their Ethical Implications. Society of Toxicology annual meeting, March 10-14, 2024, 
Salt Lake City, UT. 

3. Woodall, G.M., Grimm, F.A, Pechacek, N., Wignall, J., Minsavage, G.D. and 
Plunkett, L.M. Risk Assessment Syllabus. Society of Toxicology annual meeting, 
March 19-23, 2023, Nashville, TN. 
 

4. Plunkett, L.M. Cannabidiol Incorporation into Consumer Products in the US: 
Regulatory Challenges to Commercialization. Presenting at the Society of Toxicology 
annual meeting. March 25, 2021. Virtual Meeting. 
 

5. Plunkett, LM. Cannabidiol Incorporation into Consumer Products in the US: 
Regulatory Challenges to Commercialization. Presenting at the annual meeting of the 
American Association for the Advancement of Science (AAAS), February 8-11, 
2021. Virtual meeting 
 

6. Plunkett, LM. Marijuana and Public Safety Concerns: States in Charge. Presenting at 
Society of Toxicology annual meeting. March 11-15, 2018, San Antonio, Texas. 

 
7. Cox, LA, Popken, DA, Kaplan, AM, Plunkett, LM, Becker, RA. How well do High 

Throughput Screening (HTS) assay data predict in vivo rodent carcinogenicity of 
pesticides? Presenting at Society for Risk Analysis annual meeting, December 11-15, 
2016, San Diego, California. 
 

8. Plunkett, LM. THC and legal issues related to the state of the science. Symposium 
presenter at the Society of Toxicology, New Orleans, LA, March 2016. 
 

9. Goyak, K, Alyea, R, Becker, RA, Plunkett, LM, Plunkett, JB. Evaluating the ability 
of high-throughput screening (HTS) assays to capture the biological activity of 
industrial chemicals. Poster presentation at the Society of Toxicology, New Orleans, 
LA, March 2016. 
 

10. MacGregor, JA, Plunkett, JB, Plunkett, LM.  The occurrence of chemically induced 
lung tumors in rodents as an outcome in NTP chronic bioassays and the impact on 
cancer classifications.  Presented at the Society of Toxicology, San Diego, CA, 
March 2015. 
 

11. Urban, JD, Thompson, CM, Plunkett, LM, Perry, C, Haws, LC.  A state of the 
science of copper reference dose for soil remediation.  Presented at the Society of 
Toxicology, San Diego, CA, March 2015. 
 

12. Plunkett, LM, Kaplan, AM, Becker, RA. Evaluation of a tiered toxicity testing 
decision trigger for assessing reproductive hazards of commodity chemicals. 
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Submitted for presentation at the Society of Toxicology, Phoenix, AZ, March 2014. 
 

13. Plunkett, L.M. Overview of key public and worker health concerns in Texas food 
production. Presented at the Society of Toxicology, San Antonio, TX, March 2012. 

 
14. Plunkett, L.M., Starr, T.B., MacGregor, J.A., Manley, A. Corn oil as a causative 

factor for proliferative lesions of the forestaomach in B6C3F1 mice exposed by 
gavage. Presented at Society of Toxicology, Washington, D.C., March 9, 2011. 
[Award received for “Best Presentation”] 

 
15. Plunkett, LM, MacGregor, JA, Starr, TB, Manley, A. Daily gavage with corn oil is a 

causative factor for proliferative lesions of the forestaomach in B6C3F1 mice. 
Toxicology Lett. 189S:S142. Presented at EUROTOX, Dresden, Germany, 
September 14, 2009. 

 
16. Plunkett, LM, MacGregor, JA, Starr, TB, Youngren, SH, Manley, A. Determination 

of a dichlorvos-specific acute interspecies uncertainty factor. Society of Toxicology, 
Seattle, WA, March 19, 2008. 

 
17. Plunkett, LM, Starr, TB, Youngren, SH, MacGregor, JA, Manley, A. Determination 

of the magnitude of intraspecies differences in red blood cell cholinesterase inhibition 
in response to dichlorvos exposure. Society of Toxicology, San Diego, CA, March 6, 
2006. 

 
18. Plunkett, LM, Licata, JM.  What every technology manager needs to know about 

FDA law.   Association of University Technology Managers (AUTM), Orlando, FL, 
March 4, 2006. 

 
19. Plunkett, LM, Licata JM.   What every technology manager needs to know about 

FDA law.   Association of University Technology Managers (AUTM), Phoenix, AZ 
February 2005. 

 
20. Plunkett, LM.  Qualitative Interpretation of Complex and Disparate Data Sets for 

Dose-Response Assessment of Essential Trace Elements: Copper as a Case Study.  
Society for Toxicology, Baltimore, MD March 2004 . 

 
21. Plunkett, LM.  Evaluating qualitative and quantitative dose-response data in 

complete data sets for comparative dose-response assessment.  Soc. Risk Analysis, 
Baltimore, MD, December 10, 2003. 
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22. Plunkett, LM, Rieth S, Starr T.  Issues in assessing risks for cholinesterase-

inhibiting pesticides: A decision tree approach.  Soc. Risk Analysis, New Orleans, 
LA, December 9-12, 1996 

 
23. Plunkett, LM, Brown S.  Assessment of the potential neuropathic risk to banana 

workers from dermal exposure to chlorpyrifos.  Soc. Risk Analysis, Honolulu, HI, 
December 3-7, 1995 

 
24. Plunkett, LM, Russell K.  Cooperation versus Confrontation:  Reconciling Lead 

regulations, exposure studies, and public perception.  SEGH Conference, July, Salt 
Lake City, UT, 1994 

 
25. Plunkett LM, Wixtrom RN, Cabrera CR.  Evaluation of the long-term safety of 

inflatable penile prostheses:  a critical analysis of potential carcinogenic, 
reproductive, teratogenic, or adverse immunological effects of silicone.  Western 
Section of American Urological Association Meeting, Seattle, WA, August 21-25, 
1994 

 
26. Wixtrom RN, Plunkett LM, Clarkin CM.  Complications of inflatable penile 

prostheses:  A comprehensive review of infection, mechanical complications, 
erosion/migration/extrusion, and fibrous capsule formation. 1994. 

 
27. Wixtrom RN, Clarkin CM, Purkait B, Plunkett LM.  A review of clinical experience 

with the Mentor Alpha I and Mark II inflatable penile prostheses. 1994. 
 
28. Plunkett LM, Rosolowsky LJ, Lerner DM, Washburn ST.  A biokinetic model for 

predicting blood lead levels in adults living near a former battery recycling facility.  
SEGH Conference, New Orleans, LA, July, 1993. 

 
29. Rosolowsky LJ, Edelmann KG, Plunkett LM.  A biokinetic model for predicting 

blood lead levels in adults that accounts for intermittent exposures.  Society for Risk 
Analysis, December, 1993 

 
30. Plunkett LM, Owens SM , Gunnell M, Owens RB.  The effect of chronic 

phencyclidine (PCP) and phenylcyclohexene (PC) dosing on [3H]TCP and [3H] 
haloperidol binding in rat brain.  FASEB J 1990;4:A329. 
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31. Owens RB, Owens SM, Gunnell M, Plunkett LM.  1990.  The effect of chronic 
phencyclidine (PCP) and phenylcyclohexene (PC) on lymphocyte in subsets in rats.  
FASEB J 1990;4:A337. 

 
32. Zorbas M, Owens SM, Plunkett LM, Bui H.  [3H]TCP protein binding and 

pharmacokinetics in Sprague-Dawley rat.  FASEB J 1989;3:A1036. 
 
33. Plunkett LM, Kennedy RH, Seifen E.  Effects of chronic stress on myocardial beta-

adrenergic receptor binding.  The Pharmacologist 1988;A1300. 
 
34. Evans, R.E., Plunkett LM, Kennedy RH, Seifen E.  [3H]Ouabain binding to regions 

of rat heart as determined by autoradiography.  The Pharmacologist 1988;A41. 
 
35. Massey BW, Plunkett LM, Kennedy RH, Seifen E.  Alterations in brain angiotensin 

II binding in the aged rat.  Soc. Neuroscience 1987 Abstracts, p. 722. 
 
36. Plunkett LM, Alexander N, Saavedra JM.  Altered angiotensin II binding in adrenal 

gland, pituitary gland and brain of sinoaortic denervated rats.  Am. Soc. 
Hypertension.  New York, NY,  May 1986. 

 
37. Saavedra JM, Plunkett LM, Correa FMA.  Increased number of angiotensin II 

binding sites in the subfornical organ of spontaneously hypertensive rates.  Am. Soc. 
Hypertension, New York, NY, May 1986. 

 
38. Plunkett LM, Niwa M, Shigematsu K, Saavedra JM.  Increased angiotensin II 

(ANG) binding in superior cervical ganglia of spontaneously hypertensive rats 
(SHR).  Fed. Proc 1985;3: 498. 

 
39. Plunkett LM, Saavedra JM.  Discrete localization of angiotensin II (ANG) binding 

sites in rat brainstem by quantitative autoradiography.  Neural and Endocrine 
Peptides and Receptors, Symposium, Washington, D.C., May, 1985. 

 
40. Plunkett LM, Israel A, Niwa M, Shigematsu K, Saavedra JM.  Alterations in 

angiotensin II binding in pituitary gland, adrenal gland and superior cervical ganglia 
of spontaneously hypertensive rats (SHR) as determined by quantitative 
autoradiography.  Neural and Endocrine Peptides and Receptors, Symposium, 
Washington, DC, May 1985. 
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41. Shigematsu K, Niwa M, Plunkett LM, Saavedra JM.  High affinity substance P 
binding sites in rat sympathetic ganglia.  Neural and Endocrine Peptide and 
Receptors, Symposium '85, Washington, DC, May 1985. 

 
42. McCarty R, Plunkett LM, Israel A, Saavedra JM.  Quantitation of somatostatin 

binding sites in rat brain.  Neural and Endocrine Peptides and Receptors, Symposium 
'85, Washington, DC, May, 1985. 

 
43. Plunkett LM, Saavedra JM.  Increased angiotensin II (ANG) binding in brainstem 

nuclei of adult spontaneously hypertensive rats (SHR) by quantitative 
autoradiography.  Interamerican Society of Hypertension, Cleveland, OH, May 1985. 

 
44. Saavedra JM, Plunkett LM, Niwa M, Israel A, Shigematsu K, R. McCarty, Correa 

FMA.  Autoradiographic-microdensitometric methods for the kinetic analysis of 
neuropeptide receptors and peptidases in individual brain nuclei. IVth World 
Congress of Biological Psychiatry, Philadelphia, PA, September, 1985. 

 
45. Plunkett LM Saavedra JM.  1985.  Altered angiotensin II binding in ganglia and 

brainstem nuclei of spontaneously hypertensive rats (SHR).  Council for High Blood 
Pressure Research, Cleveland, OH, September 1985. 

 
46. Plunkett LM, Correa FMA, Saavedra JM.  Quantification of angiotensin-1-

converting enzyme kinetics in individual rat pituitary and adrenal glands with 125I-
MK351A, a specific enzyme inhibitor.  Society for Neuroscience, Dallas, Texas, 
October 1985. 

 
47. McCarty R, Plunkett LM, Shigematsu K, Saavedra JM.  Quantitative 

autoradiographic analysis of somatostatin binding sites in discrete areas of rat brain.  
Society for Neuroscience, Dallas, Texas, October, 1985. 

 
48. Correa FMA, Plunkett LM, Saavedra JM.  Quantitative autoradiographic 

determination of angiotensin-converting enzyme distribution in rat brain with 125I-
MK351A, a specific inhibitor.  Society for Neuroscience, Dallas, Texas, October 
1985. 

 
49. Plunkett LM, Saavedra JM.  Altered angiotensin II binding kinetics in brainstem, 

pituitary gland, and adrenal gland in adult SHR.  5th International Symposium on 
SHR and Related Studies, Tokyo, Japan, October, 1985. 
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50. Plunkett LM, Tackett RL.  CSF catecholamine activity decreases during cardiac 

glycoside-induced arrhythmogenesis.  The Pharmacologist 1985; 25:745. 
 
51. Tackett RL, Plunkett LM.  Naloxone inhibits the central hypotensive actions of 

propranolol.  The Pharmacologist 1983;25:101. 
 
52. Plunkett LM, Vallner JJ, Tackett RL.  Prazosin lowers plasma digoxin levels.  

American Heart Assoc, pp 15, Savannah, GA, 1983. 
 
53. Tackett RL, Plunkett LM.  1983.  BHT 933 lowers blood pressure and increases 

cerebrospinal fluid norepinephrine levels.  American Heart Assoc, pp 16, Savannah 
GA, 1983. 

 
54. Bayoumi SM, Gokhale R, Plunkett L, Vallner JJ.  Pharmacokinetics of 

clortrimazole in dogs.  Acad. Pharmaceut. Sci 1983;13(2):204, (Miami meeting). 
 
55. Plunkett LM, Tackett RL.  Central alpha receptors and their role in digitalis 

cardiotoxicity.  The Pharmacologist 1982; 24:489A. 
 
56. Plunkett LM, Tackett RL.  Central alpha antagonism decreases blood pressure in 

the dog.  Proc. Soc. Exp. Biol. Med.  S.E. Sec. 7:12A 1982. 
 
 
 
 
PRESENTATIONS 
 
1. Plunkett, LM. Reproductive Toxicology. Invited lecture at NYU, Department of 

Environmental Medicine. October 28, 2020. 
 

2. Plunkett, L.M. Provided public comments at the FDA-sponsored public meeting on 
“Testing Methods for Asbestos in Talc and Cosmetic Products Containing Talc”, 
February 4, 2020. 

 
3. Plunkett, L.M. Pesticide Toxicology. Invited lecture at NYU, Department of 

Environmental Medicine. December 4, 2019. 
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4. Plunkett, L.M. Practical applications of risk assessment. Lecturer at University of 
Texas Medical Branch at Galveston, Department of Pharmacology and Toxicology. 
October 19, 2018. 
 

5. Plunkett, LM.  Non-obviousness and §103. Lecturer at Rutgers School of Law, 
Camden Campus. November 6, 2012. 

 
6. Plunkett, LM. Regulatory primer for pharmacy students: focus on human 
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17. Plunkett, LM .  Differences and Similarities Between Children and Adults in their 

Exposure and Response to Environmental Chemicals: An Update Since 1992.  
Invited Speaker at ToxForum, Aspen CO, July 2001.  
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USEPA.  Lecturer at University of Houston at Clearlake, October 16 1998. 
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List of Testimony for Dr. Laura M. Plunkett, Ph.D, DABT 

 

Year Case Name Law Firm Represented 

2019 
Forrest v. Johnson & Johnson (Talc) 

Trial Testimony 
06, 09-10 December 2019 

Beasley Allen 
(Montgomery, AL) 

2019 
Crayton & Thibodeaux case (Taxotere) 

Deposition (CONTINUATION) 
13 December 2019 

David F. Miceli, LLC 
(Carrollton, GA) 

2020 
McDermitt case 

Deposition 
21 January 2020 

Goldenberg Law, PLLC 
(Minneapolis, MN) 

2020 
Benitez v. Dr. Ronald Seguar 

Deposition 
23 January 2020 

Orrill & Malbrough, LLC 
(Metairie, LA) 

2020 

State of Hawai’i (Clare E. Connors, Attorney 
General) v. Bristol-Myers Squibb (BMS) et al. 

Deposition 
21 February 2020  

Baron and Budd 
(Encino, CA) 

2020 
Kahn case (Taxotere) 

Deposition 
27 April 2020 

David F. Miceli, LLC 
(Carrollton, GA) 

2020 
Sandra Sutter v. Cordis (IVC) 

Deposition 
27 May 2020 and 8 June 2020 

Blankenship Law Firm 
(Dallas, TX) 

2020 
Roney v. Provient 

Deposition 
20 July 2020 

Smith, LaCien LLP 
(Chicago, IL) 

2020 
Taxotere 505b2 Cases 

03 & 08 September 2020 
David F. Miceli, LLC 

(Carrollton, GA) 
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Year Case Name Law Firm Represented 

2020 

State of Hawai’i (Clare E. Connors, Attorney 
General) v. Bristol-Myers Squibb (BMS) et al. 

Trial 
26-27 October 2020 

Baron and Budd 
(Encino, CA) 

2021 
Kahn case (Taxotere) 

Deposition 
7 April 2021 

David F. Miceli, LLC 
(Carrollton, GA) 

2021 
Cadigan v. Johnson & Johnson (Talc) 

Trial Testimony 
14-16 July 2021 

Beasley Allen 
(Montgomery, AL) 

2021 
Talc MDL 
Deposition 

10 August 2021 

Ashcraft & Gerel LLP 
(Alexandria, VA) 

 
Beasley Allen 

(Montgomery, AL) 

2021 
Kleiner v. Johnson & Johnson (Talc) 

Trial Testimony 
18-20 and 23-24 August 2021 

Beasley Allen 
(Montgomery, AL) 

2021 
Geise et al. v. Johnson & Johnson (Talc) 

Trial Testimony 
10, 13-14 September 2021 

Beasley Allen 
(Montgomery, AL) 

2021 
Guilbault and Plaisance v. 505b2 Defendants  

Deposition 
24 September 2021 

David F. Miceli, LLC 
(Carrollton, GA) 

2021 
Kahn v. Sanofi Aventis 

Trial Testimony 
12 November 2021 

David F. Miceli, LLC 
(Carrollton, GA) 

2021 

State of New Mexico v. Bristol-Myers Squibb 
(BMS) et al. 
Deposition 

19 November 2021 

Baron & Budd 
(Encino, CA) 
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Year Case Name Law Firm Represented 

2021 
Mooneyham v. Bactolac 

9 December 2021 
Beasley Allen 

(Montgomery, AL) 

2022 
Earnest case (Taxotere) 

Deposition 
01 June 2022 

David F. Miceli, LLC 
(Carrollton, GA) 

2023 
Valsartan MDL 

Deposition 
12 January 2023 

Levin, Papantonio 
(Pensacola, FL) 

Hollis Firm 
(Kansas City, KS) 

 

2023 
Valsartan MDL 

Deposition (continued) 
10 February 2023 

Levin, Papantonio 
(Pensacola, FL) 

Hollis Firm 
(Kansas City, KS) 

 

2023 
Earnest case (Taxotere) 

Deposition (Continuation) 
28 March 2023 

Milberg Coleman 
(Knoxville, TN) 

2023 
Norwood v. Albertson’s Inc. 

Deposition 
17 May 2023 

Lundy. Soileau 
(Lake Charles, LA) 

2023 
Jackson v. Bayer HealthCare 
Pharmaceuticals Inc., et al., 

20 July 2023 

Yerrid Law 
(Tampa, FL) 

2023 

State of Hawai’i (Attorney General) v. Bristol-
Myers Squibb (BMS) et al. 

Deposition 
29 August 2023 

Baron & Bud 
(Encino, CA) 

2023 

State of Hawai’i (Attorney General) v. Bristol-
Myers Squibb (BMS) et al. 

Trial 
25, 29 September and 2 October 2023 

Baron & Bud 
(Encino, CA) 
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Year Case Name Law Firm Represented 

2023 
Blakely, et al v. Lifecell 

Deposition 
19 October 2023 

Cohen Malad 
(Indianapolis, IN) 

2023 
Mississippi AG v. Johnson & Johnson (Talc) 

Deposition 
24 October 2023 

Beasley Allen 
(Montgomery, AL) 

2024 
Hunt v. Covidien et al. 

Deposition 
25 January 2024 

Ferrar, Poirot, Feller & Daniel 
(Dallas, TX) 

2024 
Seskin v. Johnson & Johnson (Talc) 

Trial 
13-14 February 2024 

Beasley Allen 
(Montgomery, AL) 

2024 
Adams v. Covidien et al. 

Deposition 
28 February 2024 

Ferrar, Poirot, Feller & Daniel 
(Dallas, TX) 

2024 
STRATTICE Hernia Mesh Litigation 

Trial 
8 March 2024 

Cohen & Malad LLP 
(Indianapolis, IN) 

2024 
Maffthey v. Johnson & Johnson (Talc) 

Trial 
1-2 April 2024 

Beasley, Allen 
(Montgomery, AL) 

2024 

JOSUE BERLANGA, et al. 
vs. 

BARNETT GATHERING, LLC, et al. 
Deposition 

23 April 2024 

Simon, Greenstone, Panatier 
(Dallas, TX) 

2024 

JOSUE BERLANGA, et al. 
vs. 

BARNETT GATHERING, LLC, et al. 
Hearing 

9 May 2024 

Simon, Greenstone, Panatier 
(Dallas, TX) 
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Year Case Name Law Firm Represented 

2024 
Lumaghi v. Covidien et al. 

Deposition 
13 June 2024 

Ferrar, Poirot, Feller & Daniel 
(Dallas, TX) 

2024 
Holden v. Covidien et al. 

Deposition 
25 November 2024 

Ferrar, Poirot, Feller & Daniel 
(Dallas, TX) 
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APPENDIX C: List of Materials and Data Considered 

[TO BE SUPPLIED] 
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APPENDIX D:  Mixtures Cancer Risk Assessment for Oral Ingestion of Contaminated 

Water at Camp Lejeune  
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Mean Water

Level
Estimated Oral

(mg/L) Cancer Risk

6.59E-06 3.03E-07

1.32E-05 6.07E-07

1.67E-04 3.34E-07

3.34E-04 6.68E-07

1.32E-05 9.49E-06

2.64E-05 1.90E-05

Benzene Not reported 5.50E-02 -- --

1.87E-04 1.01E-05

3.74E-04 2.03E-05

7.89E-04 3.63E-05

1.58E-03 7.26E-05

3.52E-05 7.03E-08

7.03E-05 1.41E-07

5.27E-05 3.80E-05

1.05E-04 7.60E-05

1.10E-05 6.04E-07

2.20E-05 1.21E-06

8.88E-04 7.49E-05

1.78E-03 1.50E-04

3.98E-04 1.83E-05

7.96E-04 3.66E-05

1.01E-04 2.02E-07

2.02E-04 4.04E-07

3.30E-05 2.37E-05

6.59E-05 4.75E-05

1.10E-05 6.04E-07

2.20E-05 1.21E-06

5.43E-04 4.28E-05

1.09E-03 8.57E-05

Equations used :

Cancer Risk = Dose (exposure) x CSF or IUR value

Dose (mg/kg bw/day) =(level in water (mg/L) x intake rate (liters per person per day) x 365 days/year) x [(365 days/year x 3 years) x 70 kg bw]-1

CSF and IUR values taken from ATSDR 2017 report for Camp LeJeune that referenced EPA

TCE Oral CSF = 4.6 E-2

PCE Oral CSF = 2 E-3

Vinyl chloride oral CSF = 7.2 E-1

Benzene oral CSF = 5.5 E-2

TCE IUR = 4.1 E-6

PCE IUR = 2.6 E-7

Vinyl chloride IUR = 4.4 E-6

Benzene IUR = 7.8 E-6

Estimated cancer risk per route (oral): based on EPA guidance (also ATSDR 2017), chemical-specific risk estimates were simply added

Oral CSF = risk per mg/kg bw-day

Inhalation IUR = risk per mg chemical/m3 air

Inhalation Dose

Calculation

Chemical Specific Inhalation IUR

(risk per mg chemical/m
3

air)

Total Estimated Cancer

Risks/Chemical Across Routes

7.20E-01

5.50E-02

4.60E-02

2.00E-03

7.20E-01

5.50E-02

4.60E-02

2.00E-03

7.20E-01

Oral Dose Calculation

(4L or 8L)/BW

1 Data were extracted from Tables 1a and 1b of ATSDR (2017) and reflect the mean values reported there for each chemical in water; exposure calculation was done that assumed ingestion of either 4 L or 8 L per day per person and an average

body weight of 70 kg

Vinyl Chloride 0.015

Benzene 0.005

Estimated Cancer

Risk (oral)

Perchloroethylene 0.046

Estimated cancer Risk

(oral)

Calculated Based on Mean Values for Contaminant Levels Across the Base (1975-1985)

Trichloroethylene 0.181

Benzene 0.005

Trichloroethylene 0.359

Perchloroethylene 0.016

4.60E-02

2.00E-03

Vinyl Chloride 0.024

Calculated Based on Mean Values for Contaminant Levels in the Hadnot Point System (1975-1985)

Perchloroethylene 0.076

Vinyl Chloride 0.006

Estimated Cancer

Risk (oral)

Use of EPA Guidance on Mixtures and Cancer Risk Assessment (EPA 1986; EPA 2000) to Estimate Risks Associated with Exposure to Contaminated Water at Camp LeJeune, North Carolina: Exposure Values Used Extracted1 from

ATSDR 2017

Chemical
Estimated Inhalation

Cancer Risk

Calculated Based on Mean Values for Contaminant Levels in the Tarawa Terrace System (1975-1985)

Trichloroethylene 0.003

Chemical Specific Oral CSF

(risk/mg/kg bw-days)
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