Exhibit 205

Case 7:23-cv-00897-RJ  Document 476-3  Filed 08/24/25 Page 1 of 340



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons

Sciences NATIONAL
N AT I O N A L Engineering ACADEMIES

AC A D E M I E S Medicine \Pﬂtfhsifghn,Dc

This PDF is available at http://nap.nationalacademies.org/12618 ﬂ O @ g

A Contaminated Water Supplies at Camp
Water Sipphesat Lejeune: Assessing Potential Health
" Effects (2009)

DETAILS

338 pages | 8.5 x11 | PAPERBACK
ISBN 978-0-309-13699-0 | DOI 10.17226/12618

CONTRIBUTORS

Committee on Contaminated Drinking Water at Camp Lejeune; Board on Environmental

Studies and Toxicology; Division on Earth and Life Studies; National Research
BUY THIS BOOK Council

FIND RELATED TITLES SUGGESTED CITATION

National Research Council. 2009. Contaminated Water Supplies at Camp Lejeune:
Assessing Potential Health Effects. Washington, DC: The National Academies
Press. https://doi.org/10.17226/12618.

Visit the National Academies Press at nap.edu and login or register to get:

- Access to free PDF downloads of thousands of publications

- 10% off the price of print publications

- Email or social media notifications of new titles related to your interests
- Special offers and discounts

All downloadable National Academies titles are free to be used for personal and/or non-commercial
academic use. Users may also freely post links to our titles on this website; non-commercial academic
users are encouraged to link to the version on this website rather than distribute a downloaded PDF

to ensure that all users are accessing the latest authoritative version of the work. All other uses require
written permission. (Request Permission)

This PDF is protected by copyright and owned by the National Academy of Sciences; unless otherwise
indicated, the National Academy of Sciences retains copyright to all materials in this PDF with all rights
reserved.

Case 7:23-cv-00897-RJ  Document 476-3  Filed 08/24/25 Page 2 of 340

CLJA_HEALTHEFFECTS-0000000431



Contaminated

Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

Water Supplies at

Camp Lejeune

ASSESSING POTENTIAL HEALTH EFFECTS

Committee on Contaminated Drinking Water at Camp Lejeune

Board on Environmental Studies and Toxicology

Division on Earth and Life Studies

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

Case 7:23_CV_%%%)%Tg_rﬁﬂlationl)a?%ggagrﬂg/ 3 E8:Rncek ik?lq'igc)r%zrés/gg)/ed. Page 3 of 340

CLJA_HEALTHEFFECTS-0000000432



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons

Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, NW ‘Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Governing Board of the National Research Council,
whose members are drawn from the councils of the National Academy of Sciences, the National Academy of Engineering, and
the Institute of Medicine. The members of the committee responsible for the report were chosen for their special competences
and with regard for appropriate balance.

This project was supported by Contract W81K04-07-C-0005 between the National Academy of Sciences and the U.S. Depart-
ment of the Navy. Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the authors
and do not necessarily reflect the view of the organizations or agencies that provided support for this project.

International Standard Book Number-13: 978-0-309-13699-0
International Standard Book Number-10: 0-309-13699-7

Additional copies of this report are available from

The National Academies Press

500 Fifth Street, NW

Box 285

Washington, DC 20055

800-624-6242

202-334-3313 (in the Washington metropolitan area)

http://www.nap.edu

Copyright 2009 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America

Case 7:23_CV_%Q)%)%Tgfrﬁlllationl)a?%ggagrﬂg/ el g&%nces’f ik?lq'igc)r%zrés/gg)/ed. Page 4 of 340
CLJA_HEALTHEFFECTS-0000000433



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished scholars engaged in
scientific and engineering research, dedicated to the furtherance of science and technology and to their use for the general
welfare. Upon the authority of the charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to
advise the federal government on scientific and technical matters. Dr. Ralph J. Cicerone is president of the National Academy of
Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National Academy of Sciences, as a
parallel organization of outstanding engineers. It is autonomous in its administration and in the selection of its members, sharing
with the National Academy of Sciences the responsibility for advising the federal government. The National Academy of
Engineering also sponsors engineering programs aimed at meeting national needs, encourages education and research, and
recognizes the superior achievements of engineers. Dr. Charles M. Vest is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the services of eminent
members of appropriate professions in the examination of policy matters pertaining to the health of the public. The Institute acts
under the responsibility given to the National Academy of Sciences by its congressional charter to be an adviser to the federal
government and, upon its own initiative, to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is
president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to associate the broad community
of science and technology with the Academy’s purposes of furthering knowledge and advising the federal government.
Functioning in accordance with general policies determined by the Academy, the Council has become the principal operating
agency of both the National Academy of Sciences and the National Academy of Engineering in providing services to the
government, the public, and the scientific and engineering communities. The Council is administered jointly by both Academies
and the Institute of Medicine. Dr. Ralph J. Cicerone and Dr. Charles M. Vest are chair and vice chair, respectively, of the
National Research Council.

www.national-academies.org

Case 7:23_CV_%Q)%)%Tgfrﬁlllationl)a?%ggagrﬂg/ el g&%nces’f ik?lq'igc)r%zrés/gg)/ed. Page 5 of 340
CLJA_HEALTHEFFECTS-0000000434



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

Case 7:23_CV_%Q)%)%Tgfrﬁlllationl)a?%ggagrﬂg/ 3 E8:Rncek ik?lq'igc)r%zrés/gg)/ed. Page 6 of 340
CLJA_HEALTHEFFECTS-0000000435



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

COMMITTEE ON CONTAMINATED DRINKING WATER AT CAMP LEJEUNE

Members

DAVID A. SAVITZ (Chair), Mount Sinai School of Medicine, New York, NY
CAROLINE L. BAIER-ANDERSON, Environmental Defense Fund, Washington, DC
JAMES V. BRUCKNER, University of Georgia, College of Pharmacy, Athens
PRABHAKAR CLEMENT, Auburn University, Auburn, AL

CAROLE A. KIMMEL, Consultant, Southern Shores, NC

FRANCINE LADEN, Harvard School of Public Health, Boston, MA

BRUCE P. LANPHEAR, Simon Frasier University, Vancouver, BC, Canada
XTAOMEI MA., Yale University School of Medicine, New Haven, CT

JOHN R. NUCKOLS, Colorado State University, Fort Collins

ANDREW F. OLSHAN, University of North Carolina, Chapel Hill

LIANNE SHEPPARD, University of Washington School of Public Health, Seattle
ELAINE SYMANSKI, University of Texas School of Public Health, Houston
JANICE W. YAGER, University of New Mexico School of Medicine, Albuquerque

Staff

SUSAN N. J. MARTEL, Project Director

NORMAN GROSSBLATT, Senior Editor

RUTH E. CROSSGROVE, Senior Editor

MIRSADA KARALIC-LONCAREVIC, Manager, Technical Information Center
RADIAH ROSE, Editorial Project Manager

TAMARA DAWSON, Program Associate

PATRICK BAUR, Research Assistant

Sponsor

U.S. DEPARTMENT OF THE NAVY

v

Case 7:23_CV_%%%)%Tg_rﬁﬂlationl)aqgggagrﬂg/ il é&%nces’f I/‘k‘?ldrig %zré"s/gr%ed. Page 7 of 340
CLJA_HEALTHEFFECTS-0000000436



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY'

Members

JONATHAN M. SAMET (Chair), University of Southern California, Los Angeles
RAMON ALVAREZ, Environmental Defense Fund, Austin, TX

JOHN M. BALBUS, Environmental Defense Fund, Washington, DC

DALLAS BURTRAW, Resources for the Future, Washington, DC

JAMES S. BUS, Dow Chemical Company, Midland, MI

RUTH DEFRIES, Columbia University, New York, NY

COSTEL D. DENSON, University of Delaware, Newark

E. DONALD ELLIOTT, Willkie, Farr & Gallagher LLP, Washington, DC
MARY R. ENGLISH, University of Tennessee, Knoxville

J. PAUL GILMAN, Covanta Energy Corporation, Fairfield, NJ

JUDITH A. GRAHAM (Retired), Pittsboro, NC

WILLIAM M. LEWIS, JR., University of Colorado, Boulder

JUDITH L. MEYER, University of Georgia, Athens

DENNIS D. MURPHY, University of Nevada, Reno

DANNY D. REIBLE, University of Texas, Austin

JOSEPH V. RODRICKS, ENVIRON International Corporation, Arlington, VA
ARMISTEAD G. RUSSELL, Georgia Institute of Technology, Atlanta
ROBERT F. SAWYER, University of California, Berkeley

KIMBERLY M. THOMPSON, Harvard School of Public Health, Boston, MA
MARK J. UTELL, University of Rochester Medical Center, Rochester, NY

Senior Staff

JAMES J. REISA, Director

DAVID J. POLICANSKY, Scholar

RAYMOND A. WASSEL, Senior Program Officer for Environmental Studies
EILEEN N. ABT, Senior Program Officer for Risk Analysis

SUSAN N.J. MARTEL, Senior Program Officer for Toxicology

KULBIR BAKSHI, Senior Program Officer

ELLEN K. MANTUS, Senior Program Officer

RUTH E. CROSSGROVE, Senior Editor

'This study was planned, overseen, and supported by the Board on Environmental Studies and Toxicology.

Vi

Case 7:23_CV_%%%)%Tg_rﬁﬂlationl)aqgggagrﬂg/ il é&%nces’f ik?ldrig %zré"s/gr%ed. Page 8 of 340
CLJA_HEALTHEFFECTS-0000000437



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

OTHER REPORTS OF THE
BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY

Review of the Federal Strategy for Nanotechnology-Related Environmental, Health, and Safety
Research (2009)

Science and Decisions: Advancing Risk Assessment (2009)

Phthalates and Cumulative Risk Assessment: The Tasks Ahead (2008)

Estimating Mortality Risk Reduction and Economic Benefits from Controlling Ozone Air
Pollution (2008)

Respiratory Diseases Research at NIOSH (2008)

Evaluating Research Efficiency in the U.S. Environmental Protection Agency (2008)

Hydrology, Ecology, and Fishes of the Klamath River Basin (2008)

Applications of Toxicogenomic Technologies to Predictive Toxicology and Risk Assessment (2007)

Models in Environmental Regulatory Decision Making (2007)

Toxicity Testing in the Twenty-first Century: A Vision and a Strategy (2007)

Sediment Dredging at Superfund Megasites: Assessing the Effectiveness (2007)

Environmental Impacts of Wind-Energy Projects (2007)

Scientific Review of the Proposed Risk Assessment Bulletin from the Office of Management and
Budget (2007)

Assessing the Human Health Risks of Trichloroethylene: Key Scientific Issues (2006)

New Source Review for Stationary Sources of Air Pollution (2006)

Human Biomonitoring for Environmental Chemicals (2006)

Health Risks from Dioxin and Related Compounds: Evaluation of the EPA Reassessment (2006)

Fluoride in Drinking Water: A Scientific Review of EPA’s Standards (2006)

State and Federal Standards for Mobile-Source Emissions (2006)

Superfund and Mining Megasites—Lessons from the Coeur d’Alene River Basin (2005)

Health Implications of Perchlorate Ingestion (2005)

Air Quality Management in the United States (2004)

Endangered and Threatened Species of the Platte River (2004)

Atlantic Salmon in Maine (2004)

Endangered and Threatened Fishes in the Klamath River Basin (2004)

Cumulative Environmental Effects of Alaska North Slope Oil and Gas Development (2003)

Estimating the Public Health Benefits of Proposed Air Pollution Regulations (2002)

Biosolids Applied to Land: Advancing Standards and Practices (2002)

The Airliner Cabin Environment and Health of Passengers and Crew (2002)

Arsenic in Drinking Water: 2001 Update (2001)

Evaluating Vehicle Emissions Inspection and Maintenance Programs (2001)

Compensating for Wetland Losses Under the Clean Water Act (2001)

A Risk-Management Strategy for PCB-Contaminated Sediments (2001)

Acute Exposure Guideline Levels for Selected Airborne Chemicals (seven volumes, 2000-2009)

Toxicological Effects of Methylmercury (2000)

Strengthening Science at the U.S. Environmental Protection Agency (2000)

Scientific Frontiers in Developmental Toxicology and Risk Assessment (2000)

Ecological Indicators for the Nation (2000)

Waste Incineration and Public Health (2000)

Hormonally Active Agents in the Environment (1999)

Research Priorities for Airborne Particulate Matter (four volumes, 1998-2004)

The National Research Council’s Committee on Toxicology: The First 50 Years (1997)

Carcinogens and Anticarcinogens in the Human Diet (1996)

Upstream: Salmon and Society in the Pacific Northwest (1996)

Vil

Case 7:23-cv-QOB2 iR N atioR SUMENT 37 Sodneed M0 JRU78(EReq. PGE 9 OF 340
CLJA_HEALTHEFFECTS-0000000438



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons

Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

Science and the Endangered Species Act (1995)

Wetlands: Characteristics and Boundaries (1995)

Biologic Markers (five volumes, 1989-1995)

Science and Judgment in Risk Assessment (1994)

Pesticides in the Diets of Infants and Children (1993)

Dolphins and the Tuna Industry (1992)

Science and the National Parks (1992)

Human Exposure Assessment for Airborne Pollutants (1991)

Rethinking the Ozone Problem in Urban and Regional Air Pollution (1991)
Decline of the Sea Turtles (1990)

Copies of these reports may be ordered from the National Academies Press
(800) 624-6242 or (202) 334-3313
www.nap.edu

Viii
Case 7:23_CV_O(QgpgyZiéﬁt‘:‘\latig]glckcry&rrﬁy%zf%c%ence@Igﬁjrl%ﬁ(sz 423,64 Page 10 of 340
CLJA_HEALTHEFFECTS-0000000439



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

Preface

Two water-supply systems on the Marine Corps Base Camp Lejeune in North Carolina were con-
taminated with the industrial solvents trichloroethylene (TCE) and perchloroethylene (PCE). The con-
tamination appears to have begun in the middle 1950s and continued until the middle 1980s, when con-
taminated supply wells were shut down. The sources of the contamination were an off-base dry-cleaning
establishment and on-base industrial activities. Contaminated water was distributed to enlisted-personnel
family housing, barracks for unmarried personnel, base administrative offices, schools, a hospital, indus-
trial areas, and recreational areas.

Many former residents and employees of the base have raised questions about whether health
problems that they or members of their families have experienced could be related to their exposure to the
contaminated water. A few studies have been performed on former residents of the bases, but they were
focused only on selected birth and childhood health outcomes. As directed by Congress, the U.S. Navy
requested a study by the National Research Council to review the scientific evidence on associations be-
tween historical data on prenatal, childhood, and adult exposures to contaminated water at Camp Lejeune
and adverse health effects.

In response to the Navy’s request, the National Research Council convened the Committee on
Contaminated Drinking Water at Camp Lejeune, which prepared this report. The members of the commit-
tee were selected for their expertise in epidemiology, toxicology, exposure analysis, environmental health,
groundwater modeling, biostatistics, and risk assessment (see Appendix A for biographic information on
the members).

To help the committee in its review, meetings were held in September and November 2007 and
September 2008 to gather information from scientists and those who chose to inform the committee re-
garding their experiences in relation to the water contamination at Camp Lejeune. The committee is grate-
ful to the people who gave presentations on their investigations into the contamination of the water sup-
plies at Camp Lejeune and on general issues related to groundwater modeling, including a series of
responses to followup queries from members of the committee: Frank Bove and Morris Maslia, of the
Agency for Toxic Substances and Disease Registry (ATSDR); Richard Clapp, of Boston University and a
member of ATSDR’s community-assistance panel; Marcia Crosse, of the U.S. Government Accountabil-
ity Office; and Mary Hill, of the U.S. Geological Survey. The committee also thanks the many former
residents of and workers at Camp Lejeune who contributed their time to attend the public meetings and
share their experiences and concerns (see Appendix B). In particular, the committee acknowledges Jerry
Ensminger and Jeff Byron, who served as representatives of people who were unable to attend the meet-
ings. The committee is thankful for the useful input from Amy Kyle, of the University of California at
Berkeley, in the early deliberations of this study. It would also like to acknowledge the advice that it re-
ceived from Michael Luster, formerly with the National Institute for Occupational Safety and Health, who
was a consultant to the committee on immunotoxicity issues.

The U.S. Marine Corps provided the committee with support throughout the study. Kelly Dreyer
and Scott Williams helped to coordinate a meeting at Camp Lejeune and responded to the committee’s
requests for background information. The committee is grateful to the staff of the Installation and Envi-
ronment Department at Camp Lejeune for providing a guided tour of the areas of the base where the sup-

ix
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X Preface

ply wells and water-treatment plants were and of the residential and work areas that were served by the
contaminated water systems.

This report has been reviewed in draft form by persons chosen for their diverse perspectives and
technical expertise in accordance with procedures approved by the National Research Council’s Report
Review Committee. The purpose of the independent review is to provide candid and critical comments
that will assist the institution in making its published report as sound as possible and to ensure that the
report meets institutional standards of objectivity, evidence, and responsiveness to the study charge. The
review comments and draft manuscript remain confidential to protect the integrity of the deliberative
process. We thank the following for their review of this report: John L. Adgate, University of Minnesota;
Mary P. Anderson, University of Wisconsin; Richard Clapp, Boston University; Mary C. Hill, U.S. Geo-
logical Survey; Margot Krauss, consultant; Lawrence H. Lash, Wayne State University; Rosalind A.
Schoof, Integral Consulting, Inc.; Michael A. Stoto, Georgetown University; Clifford Weisel, University
of Medicine and Dentistry of New Jersey; and Raymand S. Yang, Colorado State University.

Although the reviewers listed above have provided many constructive comments and suggestions,
they were not asked to endorse the conclusions or recommendations, nor did they see the final draft of the
report before its release. The review of the report was overseen by the review coordinator, George M.
Rusch, Honeywell Inc., and the review monitor, George M. Hornberger, Vanderbilt University. Ap-
pointed by the National Research Council, they were responsible for making certain that an independent
examination of the report was carried out in accordance with institutional procedures and that all review
comments were carefully considered. Responsibility for the final content of the report rests entirely with
the author committee and the institution.

The committee is grateful for the assistance of National Research Council staff in preparing the
report. In particular, Susan Martel, who served as project director, skillfully coordinated the project and
contributed to the committee’s report, devoting patient, concerted effort to resolving the many controver-
sies that evolved through the course of the project. Other staff members who contributed are James Reisa,
director of the Board on Environmental Studies and Toxicology; Norman Grossblatt, senior editor; Mir-
sada Karalic-Loncarevic, manager of the Technical Information Center; Tamara Dawson, program asso-
ciate; and Patrick Baur, research assistant.

The committee members devoted substantial effort to the development of this report through
rounds of discussion, deliberation, writing, and rewriting. They came to their task with a wide variety of
perspectives based on disciplinary training, research pertaining to the chemicals and health effects of con-
cern, and ideology; but all shared a commitment to bring the best knowledge possible to bear on impor-
tant health issues and to assist the sponsor and former Camp Lejeune residents by offering an assessment
and a scientific perspective that can help to bring this long-standing and sometimes contentious concern
closer to a resolution.

This report focuses on what scientific evidence can say about the causal relationship of past expo-
sures and health outcomes. It is important to understand the difference between how scientific evidence is
used in this context, compared to how it is used in the context of regulatory risk assessment and preven-
tion. We should be clear that the evaluation we conducted was not for the purposes of regulatory risk as-
sessment, and the prepublication version of this report may not have made this distinction clear enough to
all readers. The following excerpt from the 2003 Institute of Medicine report, Gulf War and Health Vol-
ume 2 provides a useful explanation of this important distinction.”

Most laws enforced by regulatory agencies permit the agencies wide latitude in the choice of data
used to prevent future disease or injury. In the present case, however, the goal is not prevention
of risk, but rather the use of the best available data to categorize evidence for a relationship be-
tween a chemical exposure and the occurrence of an adverse health outcome in humans. Here,
precautionary policies have no substantial role (at least not the same way that they have in regu-

*This paragraph was added after the release of the prepublication to clarify an issue that confused some readers of
the prepublication.
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lation). Therefore, studies in human populations played the dominant role for the committee in
identifying the relevant associations. Experimental evidence may or may not provide support for
epidemiologic conclusions.

David A. Savitz, Chair
Committee on Contaminated Drinking Water
at Camp Lejeune
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Abbreviations
ALL acute lymphocytic leukemia
ALS amyotrophic lateral sclerosis
ATSDR Agency for Toxic Substances and Disease Registry
AWWA American Water Works Association
BMI body-mass index
BTEX benzene, toluene, ethylbenzene, and xylene
CHAMPS Naval Health Research Center’s Career History Archival Medical and Personnel System
CI confidence interval
CLW Camp Lejeune water
CNS central nervous system
CYP cytochrome P-450
DCA dichloroacetic acid
DCE dichloroethylene
DCVC S-(1,2-dichlorovinyl)-L-cysteine
DCVCS DCVC sulfoxide
DCVG S-(1,2-dichlorovinyl)glutathione
DCVT S-(1,2-dichlorovinyl)thiol
DEP Department of Environmental Protection
DNAPL dense nonaqueous-phase liquid
DOD U.S. Department of Defense
DP dipeptidase
EEG electroencephalograpic
EPA U.S. Environmental Protection Agency
FMO3 flavin-containing monooxygenase 3
GAO U.S. Government Accountability Office
GIS geographic information system
GST glutathione S-transferase
IARC International Agency for Research on Cancer
IFN-y interferon gamma
IL-4 interleukin-4
ILO International Labor Organization
IOM Institute of Medicine
JEM job-exposure matrix
LBW low birth weight
LMP last menstrual period
LOAEL lowest-observed-adverse-effect level
MC methylene chloride
MCAS Marine Corps Air Station
MCL maximum contaminant level

Xiii
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Xiv Abbreviations
MCLG maximum contaminant level goal

MOR mortality odds ratio

MS multiple sclerosis

NCDNRCD  North Carolina Department of Natural Resources and Community Development
ND not detected

NHL non-Hodgkin lymphoma

NOAEL no-observed-adverse-effect level

NR not reported

NRC National Research Council

NTP National Toxicology Program

OR odds ratio

ou operable unit

PAH polycyclic aromatic hydrocarbon

PCE perchloroethylene

PDD personal delivered dose

PPARa peroxisome-proliferator-activated receptor alpha
PPT parts per trillion

PSOpS Pumping Schedule Optimization System

PVC polyvinyl chloride

RDD relative delivered dose

RI remedial investigation

RR relative risk

SES socioeconomic status

SGA small for gestational age

SIR standardized incidence ratio

SLE systemic lupus erythematosus

SMR standardized mortality ratio

SRR standardized rate ratio

SSFL Santa Susana Field Laboratory

STROBE strengthening the reporting of observational studies in epidemiology
SVOC semivolatile organic compound

TAL target analyte list

TCA trichloroacetic acid

TCE trichloroethylene

TCE-O-CYP trichloroethylene-oxide-cytochrome P-450 complex
TCL target compound list

TCOG trichloroethanol glucuronide

TCOH trichloroethanol

TCVC $-(1,2,2-trichlorovinyl)-L-cysteine

TCVCS S-(1,2,2-trichlorovinyl)-L-cysteine sulfoxide
TCVG S-(1,2,2-trichlorovinyl) glutathione

TLBW term low birth weight

UST underground storage tank

VA Department of Veterans Affairs

vC vinyl chloride

VHL von Hippel-Landau

VLBW very low birth weight

vVOC volatile organic compound
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Public Summary and Context

In the early 1980s, two water-supply systems on the Marine Corps Base Camp Lejeune in North
Carolina were found to be contaminated with the industrial solvents trichloroethylene (TCE) and per-
chloroethylene (PCE). The water systems were supplied by the Tarawa Terrace and Hadnot Point water-
treatment plants, which served enlisted-family housing, barracks for unmarried service personnel, base
administrative offices, schools, and recreational areas. The Hadnot Point water system also served the
base hospital and an industrial area and supplied water to housing on the Holcomb Boulevard water sys-
tem (full-time until 1972 and periodically thereafter).

This report examines what is known about the contamination of the water supplies at Camp Le-
jeune and whether the contamination can be linked to any adverse health outcomes in former residents
and workers at the base. Because of the technical nature of the report, this public summary is being pro-
vided to explain the committee’s approach and reasoning, so that people who are not scientists can under-
stand what was done and why. It attempts to place the committee’s analysis and findings into the context
of a larger discussion about environmental health issues at Camp Lejeune in a way that will be helpful to
people who have personal concerns about the situation at the base. It also provides perspective on why the
committee was unable to answer some questions.

THE CHARGE TO THE COMMITTEE

The National Research Council (NRC) conducted this review in response to a request from the
U.S. Navy, the department under which the Marine Corps operates. The Navy was mandated by the U.S.
Congress (Public Law 109-364, Section 318) to request a review by the NRC to address the evidence on
whether adverse health outcomes are associated with past contamination of the water supply at Camp Le-
jeune. The NRC developed specific instructions for the scope of the review (“the charge™). It then re-
cruited and appointed a committee of scientists with diverse but pertinent backgrounds and perspectives
to carry out the review.

The charge had several elements. One was to review the scientific evidence about the kinds of
adverse health effects that could occur after exposure to TCE, PCE, and other contaminants. The second
was to evaluate studies that were performed or that are under way on former residents of the base and to
consider how useful it will be to conduct additional studies. The third element was to identify scientific
considerations that could help the Navy set priorities on future activities. The responsibility of the com-
mittee was to address its charge in a dispassionate, expert, and unbiased way. Analyses and findings were
neither subject to oversight nor influenced by the agenda of any of the entities with responsibilities for
Camp Lejeune, former or current residents of Camp Lejeune, or any other entity.

THE CONCERNS OF FORMER RESIDENTS AND WORKERS

The committee held three public meetings over the course of its study, two in Washington, DC
(September 24, 2007, and September 12, 2008) and one in Camp Lejeune, NC (November 15, 2007).
Former residents and other concerned individuals presented oral and written testimonies about their ex-
periences at Camp Lejeune at those meetings. The committee also sought comments from consultants
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working with community groups seeking answers to questions about the water contamination. Although
these encounters were not exhaustive in identifying all issues of concern or all perspectives, they gave the
committee a chance to hear firsthand from people who have concerns. The committee sincerely appreci-
ates the time and effort that went into the presentations, testimonies, and materials that were provided.

On the basis of the public input, the committee understands that some people believe that the Ma-
rine Corps has not responded appropriately to the contamination since it was first discovered. Some be-
lieve that the military leadership has not been fully forthcoming in providing data and information about
the contamination and about the people who lived in affected areas. Some have concerns about whether
information was disclosed or released in timely and appropriate ways. Questions have also been raised
about the pace at which investigations have been conducted and whether the investigations are the most
appropriate ones. Many expressed an interest in an unbiased and credible review.

Many of the people who addressed the committee have suffered from serious diseases or have
family members or friends who have suffered. The committee was moved by the testimonies it heard and
understands that some may have been looking for the committee to make a judgment on their particular
case. However, science does not allow the committee to determine the cause of a specific case of disease.
This may be hard to understand. Why would scientific experts not be able to determine whether a child’s
birth defect or a parent’s cancer diagnosis was due to a chemical exposure? Unfortunately, for diseases
that can have multiple causes and that develop over a long period of time, it is generally impossible to
establish definitively the cause in individual cases. It was beyond the scope of the committee’s charge to
try to determine whether any particular case of a disease or disorder is associated with exposure to the
water supply at Camp Lejeune.

Some parties contend that the Marine Corps has not done what it should to compensate them or to
provide medical care for the harm they believe was caused by their exposure to the contaminated water
supplies. In 2007, the U.S. Government Accountability Office (GAO) reported that former residents and
employees of Camp Lejeune had filed more than 750 claims against the federal government related to the
contamination. GAO also reports that the federal government is awaiting the results of a study on child-
hood cancers and birth defects before adjudicating claims. It was beyond the scope of the committee’s
charge to judge whether the military authorities acted appropriately from a legal or ethical perspective or
fulfilled their responsibilities to those under their charge. It was also beyond the scope of the committee’s
charge to determine whether or how the military authorities should address claims made.

THE COMMITTEE’S REVIEW AND FINDINGS

The committee divided its review into two major categories: (1) evaluating the exposures of for-
mer residents and workers to the contamination of the Tarawa Terrace and Hadnot Point water-supply
systems, and (2) evaluating the potential health effects associated with the water contaminants. The as-
sessments were then considered together to ascertain whether conclusions could be drawn about whether
any adverse health outcomes could be attributed to the water contaminants.

Exposures to Former Residents and Workers

The term “exposure” refers to contact with contaminants in air, water, or food that may occur
through inhalation, ingestion, or dermal absorption (through the skin). In this case, it refers to drinking
water that contains contaminants or using it for other purposes. Bathing and showering are relevant, as
well as drinking, because TCE and PCE (and other solvents) can evaporate into the air (volatilize) when
present in hot water used for bathing, showering, or washing dishes or clothing and can then be inhaled.
All of these routes of exposure affect how the body metabolizes TCE and PCE, how the metabolites are
distributed and cleared by the body, and how organ systems respond.
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It is also important to understand the duration of exposure, which is the length of time a person is
exposed. An understanding of individual behaviors helps to estimate the degree of exposure that occurred.
Water-related behaviors include water-consumption and showering or bathing patterns, but whether such
information can be accurately recalled is questionable. The contaminated water systems also supplied
nonresidential areas of the base, including schools, workplaces, recreational areas, and a hospital. Water-
use patterns and behaviors in these settings are expected to vary substantially from those in residential
areas. In addition, residential and nonresidential exposures could overlap, thus, exposing dividuals to con-
taminated water at multiple locations.

The Water Systems at Camp Lejuene

Figure 1 provides a simplified illustration of a water-supply system at Camp Lejeune. Water-
supply wells collected groundwater and pumped it to a water-treatment plant when the wells were turned
on. The wells were “cycled,” meaning that only a few wells pumped water to the treatment plant at any
given time. A few wells that supplied water to the Tarawa Terrace and Hadnot Point systems were con-
taminated by solvents from sources on and off the base. When the contaminated wells were in service,
contaminated water was delivered to the water-treatment plant where water from several wells was mixed
and processed before being distributed in the pipes that supplied water to the base. Thus, the contamina-
tion of the water supplies varied and was dependent on many factors, such as the time of operation of the
contaminated wells, the water treatments used, and the rate at which water was supplied to the base.

wsneds  LUntreated water

S et d watsr

FIGURE 1 Conceptual model of a Camp Lejeune water system. (1) The drinking water at Camp Lejeune is ob-
tained from groundwater pumped from a freshwater aquifer located approximately 180 feet below the ground. (2)
Groundwater is pumped through wells located near the water-treatment plant. (3) In the water-treatment plant, the
untreated water is mixed and treated through several processes: removal of minerals to soften the water, filtration
through layers of sand and carbon to remove particles, chlorination to protect against microbial contamination, and
fluoride addition to help to prevent tooth decay. (4) After the water is treated, it is stored in ground and elevated
storage reservoirs. (5) When needed, treated water is pumped from the reservoirs and tanks to facilities such as of-
fices, schools, or houses on the base. Source: GAO. 2007. Defense Health Care: Activities Related to Past Drinking
Water Contamination at Marine Corps Base Camp Lejeune. GAO-07-276. Washington, DC: U.S. Government Ac-
countability Office.

Case 7:23-cv-08§3p ‘ Rt‘katlon‘é’FA‘ ntace-3 Filed 08/24/25  Page 25 of 340

emy of rights res e fved.

CLJA_HEALTHEFFECTS-0000000454



Confidential — Contains Information Subject to Protective Order: Do Not Disclose to Unauthorized Persons
Contaminated Water Supplies at Camp Lejeune: Assessing Potential Health Effects

4 Contaminated Water Supplies at Camp Lejeune—Assessing Potential Health Effects

Exposure Review

The committee’s exposure evaluation involved identifying the contaminants of concern, their
sources, and the concentrations estimated to be present in the water supplies over time. For Tarawa Ter-
race, the committee relied on work by the Agency for Toxic Substances and Disease Registry (ATSDR).
ATSDR compiled the available information on the Tarawa Terrace water system and used computer
models to simulate how contaminants moved underground, entered water-supply wells, and were distrib-
uted in the water supply. Contaminant measurements were only available from 1980 to 1985, so models
were needed to make estimates of the concentrations of contaminants in the water supply in the preceding
decades.

A similar historical reconstruction has not yet been performed for the Hadnot Point water system.
To identify contaminants of concern there, the committee reviewed information on historical activities on
the base (for example, building and chemical uses and sites of hazardous-waste storage or disposal) and
findings from site investigations and plans for remedial action at waste sites. The committee also re-
viewed data available from testing records and other documents to get a preliminary characterization of
the exposures that occurred. For some of its analyses, the committee focused on samples taken from
“mixed water,” that is, water mixed from several supply wells at the treatment plant, because those meas-
urements were probably the most representative of the contaminant concentrations that were delivered to
the taps on base. As was the case with Tarawa Terrace, contaminant measurements of the Hadnot Point
system were only available from 1980 to 1985.

The major contaminants of the Tarawa Terrace and Hadnot Point systems are of a particular form
that tends to serve as a continuing source of contamination even after the contaminants are underground.
These are called “DNAPLs,” which stands for dense nonaqueous phase liquids. DNAPLs are dense, so
they have the potential to sink into the deeper aquifers. Such chemicals get trapped in the soil and dis-
solve slowly into groundwater. The geology of the area makes it probable that DNAPLs that were spilled
on the ground or that were leaked or disposed of in the soil got into the groundwater that supplied some of
the wells of the two systems.

The dry-cleaning solvent PCE is the primary contaminant of the Tarawa Terrace water-supply
system. Spills and improper disposal of PCE by an off-base dry-cleaner contaminated the groundwater
collected by on-base supply wells. Other contaminants detected in water-supply wells were TCE, 1,1-
dichloroethylene (DCE), cis-1,2-DCE, trans-1,2-DCE, benzene, toluene, and vinyl chloride. Several of
the contaminants (TCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride) may be the result of degradation
of PCE in the soil and groundwater. There was some on-base contamination of the Tarawa Terrace supply
system as well.

Sophisticated computer modeling techniques were used by ATSDR to make predictions about the
monthly concentrations of PCE to which residents of Tarawa Terrace were exposed. To provide perspec-
tive on its estimates, ATSDR compared its monthly estimates with the U.S. Environmental Protection
Agency (EPA) maximum contaminant level (MCL) for PCE in drinking water of 5 ng/L, which was es-
tablished in 1985. The model estimated that starting in November 1957, the concentration of PCE deliv-
ered to residents exceeded that MCL and remained well above it until the wells were closed in 1985.

Some of the modeling approaches used by ATSDR were “cutting-edge,” meaning that they used
computer codes and modeling techniques that are still in the research stage and have yet to be validated.
Furthermore, the absence of measurement data for the first 30 years of the contamination period means
the predictions, even if based on validated codes and models, cannot be evaluated for accuracy. The ac-
tual concentrations may have been higher or lower than the predictions, but that cannot be assessed. Other
uncertainties were introduced into the models because assumptions had to be made about how the water
system was operating. For example, little information was available on which wells were supplying water
at specific time periods, so assumptions had to be made about when the contaminated wells were operat-
ing. Another uncertainty is that the models did not take into account the DNAPL form of pollutants.
Given the multiple uncertainties and likely variation in contaminant concentrations, the committee con-
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cluded that the Tarawa Terrace modeling predictions should only be used to provide a general estimate of
the timeframe and magnitude of exposure.

The contamination of the Hadnot Point system was more complex than Tarawa Terrace. There
were multiple sources of pollutants, including an industrial area, a drum dump, a transformer storage lot,
an industrial fly ash dump, an open storage pit, a former fire training area, a site of a former on-base dry
cleaner, a liquids disposal area, a former burn dump, a fuel-tank sludge area, and the site of the original
base dump. The available data on contaminant measurements taken in the 1980s show that TCE and
trans-1,2-DCE were the contaminants found most often in mixed-water samples, with a few detections of
PCE, methylene chloride, and vinyl chloride. The nature of the hazardous-waste sites in the vicinity of the
Hadnot Point supply wells suggests that other contaminants may have been present. For example, tests of
samples taken from special monitoring wells installed after the contamination was discovered have de-
tected fuel constituents and metals, compounds that were not routinely analyzed in the water samples
taken in the 1980s.

Recommendations

e For the purposes of epidemiologic studies, the results of the Tarawa Terrace historical reconstruc-
tion can be used to characterize people as being exposed or unexposed on the basis of date and location of
residence or workplace. The monthly estimates imply more accuracy than is appropriate and should not
be used to characterize exposure of individual people.

e Because any groundwater modeling of the Hadnot Point system will be fraught with considerable
difficulties and uncertainties, simpler modeling approaches should be used to assess exposures from the
Hadnot Point water system. Simpler modeling will not reduce the uncertainty associated with the esti-
mates, but they have the advantage of providing a broad picture of the timeframe and magnitude of expo-
sure encountered by people who used water from that system more quickly and with less resources than
complex modeling exercises.

e To facilitate better understanding of the contamination on the base, the Marine Corps should de-
velop a comprehensive and accessible database of water-quality measurements taken from the base.

Potential Health Effects

The committee undertook four kinds of reviews to determine what kinds of diseases or disorders
(adverse health effects) have been found to result from exposure to TCE and PCE: (1) review of epidemi-
ologic studies of solvents and their effects, including studies in occupational and industrial settings and
community studies; (2) review of epidemiologic studies of other communities with solvent-contaminated
water supplies; (3) review of toxicologicstudies conducted in animals and humans to test for health effects
of TCE and PCE; and (4) review of studies conducted specifically on the Camp Lejeune population.

Review of Epidemiologic Evidence on Solvents

Epidemiologic studies examine whether people with greater exposure to particular chemicals
have greater frequency of disease than people with lesser or no exposure (also referred to as greater inci-
dence or greater risk of disease). To manage the review of the vast amount of peer-reviewed scientific
literature on TCE and PCE, the committee began with a comprehensive review of the epidemiologic stud-
ies of those solvents that was conducted by the Institute of Medicine (IOM) in 2003. IOM categorized the
evidence according to an established scheme accepted by the Department of Veteran’s Affairs in evaluat-
ing risks to veterans of the Vietnam War and the Gulf War. These categories are shown in Box 1. The
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Box1 Flve Cetegortes Used by oM to Classn’y Assoc ‘tlons -
Surfrc:/ent Evidence of a Causal Re/at:onshfp .

‘f Evrdence from avarlable studres 13 sufﬁorent to conclude that a causal relatronshtp exrsts between ~
exposure toa spec;lﬁc agent and a specific health outcome in humans and the evidence is supported
by expenmental deta The evrdence fultllls the gurdelrnes for sufﬁcrent evrdence of an assocratlon ;

; Evrdenoe from avallable studres is sufﬂelent to oonclude that there is a posrtwe essoclatron A consis- E
tent posrtrve assocratlon has been observed between exposure to a speciﬁc agent and a specmo

out wrth reasonable confidence. For example several hlgh-qualrty studres report consistent posrtwe ;
assoolatlons and the studles are sufﬁerently free of bras inc udmg adequate oontrol for oonfoundmg

: Evrdence from avallable studres suggeets an assooratron between exposuregto a specrﬁc egent andfa
~: specrflc health outcome in human studies, but the beciy of evidence is ltmlted by the inability to rule
_ out chance and bias, 1nclud1ng confoundrng, with confidence. For example at least one high-quality
study reports a posrtlve assocratlon that IS suffrorenty free of blas moludlng adequete control for con- -

- crently free of bras mcludmg confoundmg Alternatrvely, several studies ol‘ less quellty show oonsrs—
tent posrtlve assoelatrons and the results are probably not due to bras rnoludlng confoundlng - :

Evrdence from evar]eble studles is of lnsufﬂerent quantlty, qualrty, or eonsretency to permlt a concl .
- sion regardmg the existence of an eseoeratron between exposure to a specmc agent encl a specrt”c
ﬁ health outcome in humans ; ; ; . t t t . t L ‘

Evrdence from well-conductecl studles is consrstentln not showmg 8 posltlve assoolatlon between
exposure to a specme agent and a specrﬂe hea th outcome after exposure of any magnrtude A con-

Source IOM flnstltute of Medlcrne) ‘2003 Gulf War and Health Vol 2 lnsectrcrdes and Solvente
i Washlngton DC Natronal Academles Press } . t : -

committee identified new studies published from 2003 to 2008 and considered whether they changed the
conclusions in the IOM report. The studies included people exposed in occupational situations and in
community settings.

IOM’s approach to evaluating the literature is to determine whether a “statistical association” ex-
ists between the chemicals and diseases and disorders. When studies are conducted properly, a statistical
association means that people who are exposed to the chemicals are more likely to have or develop the
disease or disorder than people who are not exposed. A statistical association, however, does not establish
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that the chemicals cause the diseases or disorders. Judgment about the quality of each study and addi-
tional supporting evidence from other studies are needed. Statistical associations are often represented by
numeric estimates, known as “relative risks” or “odds ratios.” The estimates describe the relative fre-
quency of disease in groups with higher exposures compared with groups with lower or no exposure. For
example, in a study in which individuals are classified as either exposed or unexposed, a relative risk of 2
means that exposed people in the study were twice as likely to develop the disease as people who were
not exposed.

As shown in Box 2, all the health outcomes reviewed were placed into one of two categories. The
strongest evidence was in the category of limited/suggestive of an association, which means that there is
some evidence that people who were exposed to TCE or PCE were more likely to have the disease or dis-
order but that the studies were either few in number or had important limitations. In many cases, the stud-
ies could not separate out the effects of individual chemicals because the people were exposed to mix-
tures. Some of these studies were of highly exposed groups of workers where detection of effects would
be expected if present. Such studies might reach conclusions about solvents in general but not about TCE
or PCE specifically. For diseases and disorders where the evidence is limited/suggestive of an association,
the committee has concluded that the epidemiologic studies give some reason to be concerned that suffi-
ciently high levels of the chemical may cause the disease, but the studies do not provide strong evidence
that they actually do so.

The majority of the health outcomes reviewed by the committee were placed into the category of
inadequate/insufficient evidence to determine whether an association exists, which means that the studies
were too few in number, limited in quality, inconsistent, or inconclusive in results to make an informed
assessment. It also means that such an association cannot be ruled out. For diseases and disorders in this
category, the committee has concluded that the epidemiologic studies cannot tell us whether exposure to
the chemicals is associated with the disease or not.

The committee is aware that some health outcomes reported by former residents of the base (for
example, male breast cancer and second-generation effects) are not cited in Box 2. The absence of inclu-
sion of specific health outcomes does not mean that such effects are unrelated to exposures from the con-
taminated water supplies at Camp Lejeune. Rather, those outcomes have not been specifically investi-
gated or, if they were considered, the studies were too small or of insufficient quality to allow conclusions
to be drawn.

Review of Epidemiologic Evidence from Community Studies

The committee decided to consider the subset of epidemiologic studies that were conducted in
communities exposed to solvents in their water supplies in more detail. Because these studies involved
populations and exposure situations that more closely resemble those at Camp Lejeune, some relevant
implications might be learned. A few studies reported certain diseases and disorders, such as congenital
heart defects, spontancous abortions, and very low birth weight. However, the studies reported differing
effects, so generally they did not confirm each other. In general, the studies had limitations in their design
that are unavoidable because of the circumstances that gave rise to them. The limitations include lack of
data on levels of contaminants in the water, lack of adequate information about diseases and disorders in
the population, and relatively small populations. These factors limit the capacity of such studies to detect
associations even if they exist. Limitations in such studies often mean that people in the study communi-
ties can only be classified into two groups to reflect exposure to contamination—those exposed and those
considered unexposed. Such classification is a crude way to address exposure because it can make it more
difficult to detect any effects that might occur. Another common limitation of community studies in gen-
eral is that they are not able to account for other factors that may affect the likelihood of disease. Fur-
thermore, the studies face the difficult task of addressing diseases that are relatively uncommon. It is
harder to find enough cases of uncommon diseases to make comparisons when studying relatively small
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populations. The committee concluded that the evidence provided by this subset of epidemiologic studies
needs further support and confirmation before they can be considered significant on their own.

Review of the Toxicologic Evidence

Toxicologic studies are mainly laboratory experiments, usually conducted on animals. The com-
mittee’s review on TCE and PCE were in part based on previously published toxicologic reviews but
were mainly based on analyses of recently published studies. The studies were analyzed using criteria for
good study design and degree of agreement between the conclusions and the data presented. Further, the
committee took into consideration the quality and reliability of studies, consistency of findings of similar
studies, understanding of the biologic processes, toxicologic significance, dose- and duration-dependence,
and understanding of whether effects observed in animals are predictive of human risks. Each chemical
was reviewed for effects on the major organ systems—for example, liver, kidneys, lungs, reproductive
system, nervous system, and immune system.

In animal experiments, TCE was reported to cause kidney and testicular cancers in rats and liver
and lung cancers in mice. PCE was reported to cause liver cancer in mice and mononuclear cell leukemia
and kidney cancer in rats. Differences in how these chemicals are handled in the body by rodents and hu-
mans, as well as current scientific understanding of how these tumors develop, led the committee to the
conclusion that kidney cancer is the most relevant to humans.

For other kinds of adverse health effects, kidney toxicity and liver toxicity were observed in ro-
dents given high doses of TCE and PCE. Effects on male rodent fertility, but not female fertility, were
observed. Neither chemical caused birth defects in rats. There were some adverse effects on offspring of
pregnant female rats exposed to PCE but to not TCE. Adverse changes in some nervous system measure-
ments were seen in some TCE and PCE studies. TCE causes some effects on the immune system of sensi-
tive strains of mice, but there are few immunotoxicity studies on PCE.

When possible, the committee identified the lowest dose of TCE or PCE at which adverse effects
were observed in animal studies (the dose is called the lowest-observed-adverse-effect level or LOAEL).
To put these doses in perspective, the committee did a comparison of the doses with approximated doses
to former residents that were estimated from concentrations of TCE and PCE measured in mixed water."
Because of the known variation in contaminant concentrations, the range used for the comparison in-
cluded the highest measured concentrations of TCE and PCE in mixed water, one-half those concentra-
tions, and twice the highest measured concentrations. The adverse health effects considered for this com-
parison were those thought to be most relevant to humans (kidney cancer, renal toxicity, and
immunosuppression for TCE, and renal toxicity and neurotoxicity for PCE). This comparison is not an
assessment or prediction of risk and can only give a general indication of the degree of difference be-
tween doses that caused a response in laboratory animals and doses to former residents of Camp Lejeune.
The comparison reflects estimated combined daily doses from all three routes of exposure (ingestion, in-
halation, and skin contact) that could have occurred for adults and children at Camp Lejeune. Results of
the comparison suggest that the highest levels of either TCE or PCE measured in the mixed-water sam-
ples at Camp Lejeune were much lower than the lowest dose that caused adverse effects in the most sensi-
tive strains and species of laboratory animals. The lower levels of exposure may be of some concern for
effects on neurotoxicity and immunotoxicity, but further research is needed to evaluate the specific effects
of TCE and PCE and whether they are relevant to humans.

Consideration of the Epidemiologic and Toxicologic Evidence Together

The committee considered collectively what is known about adverse health effects that are asso-

'A dissenting viewpoint on the conduct of this comparison is provided in Chapter 4.
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ciated with exposure to TCE and PCE from human epidemiologic and animal toxicologic studies. Evi-
dence on similar outcomes reported in animal and human studies were compared to see whether the data
were supportive of the potential health consequences of exposure to TCE and PCE in the water supply.

Review of epidemiologic studies on cancer outcomes provided limited/suggestive evidence for an
association between chronic exposure to TCE or PCE and kidney cancer and to PCE and cancers of the
esophagus, lungs, breast, and bladder. For these outcomes, the toxicologic evidence was strongest for
kidney cancer.

Noncancer effects that were found to be similar in humans and laboratory animals included ad-
verse effects on the liver, kidneys, and nervous and immune systems. In the epidemiologic literature,
toxic effects on the liver and kidneys appeared to be related to short-term inhalation of high concentra-
tions of solvents as opposed to longer-term exposure at lower concentrations. Support for these effects
observed in toxicologic studies come from rodents exposed to high concentrations of TCE and PCE. For
kidney effects, adverse findings were only found in male rats. Epidemiologic studies of occupational ex-
posure to mixed solvents showed limited/suggestive evidence of neurobehavioral effects, and toxicologic
studies of TCE showed some decrements in neurobehavioral outcomes. For effects on the immune sys-
tem, epidemiologic studies showed limited/suggestive evidence for an association with mixed solvent ex-
posure for certain immunologically mediated diseases. Toxicologic studies also showed that TCE can af-
fect the immune system, as shown by immunosuppression and worsening of preexisting autoimmune
diseases. These findings are shown in Table 1. The absence of other diseases and disorders in the table
does not mean that such outcomes are irrelevant or unworthy of study, but that the findings for them were
inconsistent between the toxicologic and the epidemiologic evidence or were not addressed in the avail-
able studies.

Review of Camp Lejeune Studies

Only a few studies have been conducted on the Camp Lejeune population, and these have focused
on health effects in people who were exposed as children or while their mothers were pregnant with them.
One study evaluated pregnancy outcomes among women who lived in base housing from 1968 to 1985.

Although the water contamination probably began before 1968, ATSDR selected 1968 as its start-
ing point because electronic birth certificates became available that year. ATSDR compared data on pre-
mature births, births of babies who were small relative to other babies from pregnancies of similar dura-
tion (small for gestational age), and birth weights between mothers who were exposed and those who
were unexposed. Whether mothers were exposed was determined by where they lived on the base when
the child was born, not taking into account whether they moved during the pregnancy. Two analyses were
performed; one that evaluated residents of Hadnot Point and Tarawa Terrace and one that focused only on
Tarawa Terrace residents.

In both analyses, no clear associations were found between mean birth weight, preterm birth, or
small for gestational age. However, a comparison of subgroups within the Tarawa Terrace population
found a weak association between PCE exposure and small-for-gestational-age births for children of
women over 35 or of women who had prior miscarriages. However, a limitation of this conclusion is that
the decision to perform this analysis was added after the original design of the study. It was not one of the
hypotheses or theories set out before the study. Therefore, scientists give this finding less weight.

The findings from these analyses are no longer valid. After the study was completed, ATSDR
discovered that that a residential area it classified as unexposed (Holcomb Boulevard) received water
from the Hadnot Point system for the first 4 years of the study period, and the study results must be reana-
lyzed to correct for this mistake in classification. ATSDR has indicated that it will reanalyze the results of
the study using exposure estimates from its groundwater modeling of the Tarawa Terrace and Hadnot
Point systems.
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TABLE 1 Similar Health Effects Found in Epidemiologic and Toxicologic Studies

Effects Epidemiologic Evidence Toxicologic Evidence
Kidney cancer ~ Limited/suggestive for TCE and PCE TCE and PCE (limited to male rats)
Liver toxicity Limited/suggestive for solvents and hepatic =~ TCE and PCE (liver damage)

steatosis®
Kidney toxicity Limited/suggestive for solvents TCE and PCE (limited to male rats)
Neurobehavioral Limited/suggestive for solvents (effects on TCE: central nervous system depression,
effects visuomotor and motor function, fatigue, attention deficits, deficits in visual

headache, deficits in concentration) discrimination, altered visual evoked potentials®

PCE: anesthetic effects; changes in behavior and
neurochemical markers

Immunologic Limited/suggestive for solvents and TCE: sensitization, immunosuppression,
effects glomerulonephritis® and scleroderma’ influence autoimmune disease (in sensitive
strains of mice)

“Hepatic steatosis is fatty accumulation in the liver.

"Electrical response recorded by a skull electrode after a visual stimulus (e.g., a flash).
“Glomerulonephritis is a disease that affects kidney function.

“Scleroderma is a disease resulting in abnormal growth of connective tissue.

ATSDR also has a study under way on prenatal exposure to water-supply contaminants and birth
defects and childhood cancer. The specific outcomes being studied are childhood leukemia, childhood
non-Hodgkin lymphoma, spina bifida, anencephaly, cleft lip, and cleft palate. These outcomes are rare,
and given the number of study participants, it appears that the statistical power of this study could limit its
ability to detect associations. The study is also awaiting the completion of groundwater modeling of the
Hadnot Point water system so that differences in exposure can be assessed.

Recommendations

e The committee recommends that ATSDR go forward with reanalyzing its study of birth outcomes
to correct for errors in exposure classification without awaiting the results of groundwater modeling of the
Hadnot Point system. For the reasons given earlier, such modeling is unlikely to yield reliable quantitative
estimates of exposure that would refine exposure classification for epidemiologic study.

o Despite the committee’s concerns about the statistical power of the study of birth defects and
childhood cancer, it recommends that the study be completed as soon as possible. Simpler approaches to
groundwater modeling should be performed to support the exposure classification in the study rather than
performing the same type of complex groundwater modeling that was performed for Tarawa Terrace.

The Feasibility and Utility of Future Studies of the Camp Lejeune Population

ATSDR has evaluated the feasibility of conducting three additional studies of the Camp Lejeune
population, including a health survey and studies that would evaluate deaths from all causes and cancer
incidence among former residents and workers. ATSDR identified some of the same diseases and disor-
ders identified in the committee’s review as being of interest. These included kidney cancer, lung cancer,
breast cancer, scleroderma, liver disease, kidney discase, and spontaneous abortion. ATSDR also identi-
fied additional outcomes of possible interest for its study.

Difficulties with performing the studies are identifying, locating, and recruiting the study partici-
pants and obtaining reliable health information on them in an efficient manner. The committee found that
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although ATSDR did consider the major issues bearing on the feasibility of the proposed studies and pro-
posed reasonable approaches to conducting the studies, there remain serious, unresolved questions about
the feasibility and ultimate value of the studies. For example, it is not clear that the cancer incidence study
could be performed successfully, because it is contingent on the cooperation of many state cancer regis-
tries. Even with cooperation, the statistical power to compare groups of interest across the range of out-
comes has yet to be assessed. Statistical power is also an issue with the mortality study.

The committee also reviewed ATSDR’s plans for a health survey that was generated in response
to a congressional directive. The survey would seek information on residential history and various health
outcomes. Although the survey could contribute to designing future studies at Camp Lejeune, its success
depends on getting adequate participation (at least 60%). Even if satisfactory participation is achieved,
there are concerns that there could be bias in the reported data because people who have experienced dis-
ease or illness are more likely to participate in the survey.

After reviewing the study plans and feasibility assessments, the committee concluded that most
questions about whether exposures at Camp Lejeune resulted in adverse health effects cannot be answered
definitively with further scientific study. There are two main reasons for this. First, it is not possible to
reliably estimate the historical exposures experienced by people at the base. Second, it will be difficult to
detect any increases in the rate of diseases or disorders in the study population. Most of the health effects
of concern are relatively rare, which means that very large numbers of people are needed to detect in-
creased cases. Although the total number of people who have lived at Camp Lejeune while the Tarawa
Terrace and Hadnot Point water supplies were contaminated is sizable, the population is still unlikely to
be large enough to detect effects, other than common diseases or disorders, of concern. Another factor is
that the population was relatively young, so many who would be studied are in an age range in which
chronic diseases are rare. Yet another factor is that the people tended to live on the base for a relatively
short time, resulting in a small increase in risk of disease at most, making it difficult to rule out other ex-
posures or factors that could have contributed to disease or illness. All these factors make it unlikely that
the proposed studies, even if the notable uncertainties about feasibility are resolved favorably, will pro-
duce results of sufficient certainty to resolve the question of whether Camp Lejeune residents suffered
adverse health effects from exposure to contaminated water.

The available scientific information does not provide a sufficient basis for determining whether
the population at Camp Lejeune has, in fact, suffered adverse health effects as a result of exposure to con-
taminants in the water supplies. On the one hand, several lines of scientific reasoning suggest such effects
are unlikely to have occurred. The evidence includes a substantial body of research on the toxicology of
TCE and PCE that indicate that the exposures required to cause adverse effects in laboratory animals were
much larger than the highest measurements available on the Camp Lejeune water supplies; evidence that
humans have lower sensitivity to TCE and PCE than rodents; epidemiologic data largely from occupa-
tional settings with higher, longer-term exposures to TCE and PCE that has not generated compelling
evidence of adverse health effects; and the relatively short-term, intermittent nature of the exposures in-
curred at Camp Lejeune. On the other hand, the possibility that health effects have been produced by the
contaminant exposures at Camp Lejeune cannot be ruled out. Some effects of TCE or PCE exposure
might have occurred below the level of detection in toxicologic studies, which focused on single contami-
nant exposures at high doses, used genetically homogeneous animal strains, and necessarily involved ex-
trapolation across species. In addition, the population exposed at Camp Lejeune is more diverse and pos-
sibly more susceptible than those who have been exposed to TCE and PCE in occupational settings, and
the actual concentrations of PCE and TCE and the presence of additional water contaminants are poorly
documented and could thus be higher or more complex than the limited historical measurements suggest.
There were divergent views among the committee members about the probability that each would assign
to whether adverse health effects have in fact occurred, but there was consensus among them that scien-
tific research is unable to provide more definitive answers to that question.
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Conclusion and Recommendation

e [t cannot be determined reliably whether diseases and disorders experienced by former residents
and workers at Camp Lejuene are associated with their exposure to contaminants in the water supply be-
cause of data shortcomings and methodological limitations, and these limitations cannot be overcome
with additional study. Thus, the committee concludes that there is no scientific justification for the Navy
and Marine Corps to wait for the results of additional health studies before making decisions about how to
follow up on the evident solvent exposures on the base and their possible health consequences. The ser-
vices should undertake the assessments they deem appropriate to determine how to respond in light of the
available information.
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Summary

In the early 1980s, two water-supply systems on the Marine Corps Base Camp Lejeune in North
Carolina were found to be contaminated with the industrial solvents trichloroethylene (TCE) and per-
chloroethylene (PCE). The water systems were supplied by the Tarawa Terrace and Hadnot Point water-
treatment plants, which served enlisted-family housing, barracks for unmarried service personnel, base
administrative offices, schools, and recreational areas. The Hadnot Point water system also served the
base hospital and an industrial area and supplied water to housing on the Holcomb Boulevard water sys-
tem (full-time until 1972 and periodically thereafter).

PCE was the primary contaminant found in the wells serving the Tarawa Terrace system. The
chemical was used by an off-base dry cleaner (ABC One-Hour Cleaners), and the groundwater became
contaminated with PCE as a result of spills and improper disposal practices. Contamination of the wells
from that source is estimated to have begun as early as 1953, the year when dry-cleaning operations be-
gan. There were also other on-base sources of contamination in the Tarawa Terrace system that had a
smaller impact on the water supply. The contamination of the Hadnot Point water supply was more com-
plex and involved multiple sources and multiple contaminants. The primary contaminant found in those
wells since monitoring began in the 1980s was TCE. It is likely that multiple sources contributed to the
TCE contamination, including on-base spills at industrial sites and leaks from underground storage tanks
and drums at dumps and storage lots. The Hadnot Point water-treatment plant began operating in 1943,
but no estimates have yet been made of when the contamination began. Wells in both systems that were
contaminated in the early 1980s were closed in the period November 1984—May 1985, and the entire Ta-
rawa Terrace water-treatment plant was closed in 1987.

There has been considerable public controversy over the potential health consequences for former
residents who were exposed to the contaminated water. TCE and PCE are known to have toxic effects in
animals and in humans, so it is important to understand the scale and extent of exposure that occurred at
the base to assess effects on the health of former residents. Only a few studies have been performed spe-
cifically on former residents of the base. To supplement those evaluations and to help to inform decisions
about addressing health claims, the U.S. Navy was directed by Congress (Public Law 109-364, Section
318) to ask the National Research Council to address independently questions about whether any health
outcomes are associated with past contamination of the water supply at Camp Lejeune. The National Re-
search Council assembled a multidisciplinary committee of environmental scientists, toxicologists, epi-
demiologists, and biostatisticians to review the scientific evidence on associations between adverse health
effects and historical data on prenatal, childhood, and adult exposures to contaminated drinking water at
Camp Lejeune. The committee was asked to focus its attention on toxicologic and epidemiologic litera-
ture on TCE and PCE and to consider studies of Camp Lejeune residents and other populations exposed
to the contaminants of concern and proposals for additional studies of Camp Lejeune residents.

To address its task, the committee divided its investigation into two major categories: assessing
exposure to contaminants in the water supply and assessing the possible health effects associated with the
contaminants. The reviews were then integrated to ascertain whether conclusions could be drawn about
the likelihood that outcomes in people who lived or worked in the affected areas of the base were caused
by the contaminated water supplies. The contribution of past and current studies of the Camp Lejeune
population was evaluated, as was the potential contributions of future research on this population.
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EXPOSURE-ASSESSMENT EVALUATION

To understand the exposures that occurred because of the contamination of water supplies at
Camp Lejeune, it is important to characterize the contamination—including its location, magnitude, dura-
tion, and variability—and the individual water-use patterns and other water-related behavior of the popu-
lation that was exposed. The first component involves identifying the contaminants of concern, their
sources, and their estimated concentrations in any particular water-supply system over time. The second
component is to characterize how members of the population may have been exposed to the contaminated
water supply at home, at work, and in other settings through water consumption, dermal contact, and in-
halation of volatile compounds during showering, bathing, dishwashing, and other activities. Such factors
are important determinants of exposure and are likely to vary widely in the population.

Water-Supply Contamination

The Tarawa Terrace and Hadnot Point water-supply systems began operating in 1952 and 1943,
respectively. From a conceptual standpoint, their operations were similar. Water-supply wells collected
groundwater and pumped it to a water-treatment plant. The wells were “cycled,” meaning that only a sub-
set of wells pumped water to the treatment plant at any given time. A few wells on both systems were
contaminated. When those wells were operating, they delivered contaminated water to the treatment plant,
where it was mixed with water from other wells and processed before being distributed on the base. Over
the years, wells were added and some were taken temporarily offline or were closed for various reasons.
Thus, concentrations of contaminants to which people were exposed varied substantially on a short-term
and long-term basis.

The residential areas served by the two water systems were primarily enlisted family housing and
barracks for unmarried service personnel. Thus, many of the exposed were young families and people of
reproductive age. The population was also transient, with some people living on the base for a few
months for training or for a few years for longer assignments.

Tarawa Terrace

The committee reviewed the available data on the exposures that occurred at Camp Lejeune. For
Tarawa Terrace, the Agency for Toxic Substances and Disease Registry (ATSDR) performed a historical
reconstruction of contamination scenarios and used its model to estimate the concentrations of chemical
contaminants that occurred during different periods. ATSDR’s historical reconstruction involved investi-
gation into operations of the off-base dry cleaner, on-base operations, operation of water-supply wells and
water-treatment plants, water-monitoring data, groundwater flow, and other data relevant to providing a
chronology of events related to the contamination. The primary contaminant identified as present at Ta-
rawa Terrace is PCE. PCE is typically degraded by natural processes in the soil and groundwater to TCE,
trans-1,2-dichloroethylene (1,2-DCE), and vinyl chloride. Groundwater models were used to reconstruct
the migration of PCE from the dry cleaners to the water-supply wells serving Tarawa Terrace, and then
mixing models were used to predict monthly concentrations of PCE and its degradation products in fin-
ished water (groundwater that was treated at a water-treatment plant for delivery to residences) from 1957
to 1985. Because the models were based on several simplifying assumptions and were calibrated by using
a small number of water-quality measurements taken during a narrow window (1980-1985) of the total
contamination period, considerable uncertainty is associated with the predictions. Some of the uncertainty
was characterized when ATSDR performed statistical analyses to calculate the probability that its expo-
sure estimates were reasonable. To gain some perspective on its estimates, ATSDR compared its monthly
estimates with the U.S. Environmental Protection Agency (EPA) maximum contaminant level (MCL) for
PCE in drinking water of 5 pg/L that was established in 1985. The model estimated that starting in No-
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vember 1957, the concentration of PCE delivered to residents exceeded that MCL and remained well
above it until the wells were closed in 1985.

The committee concluded that ATSDR applied scientifically rigorous approaches to address the
complex groundwater-contamination scenario at Tarawa Terrace. The outcome of the modeling was
monthly estimates of the concentrations of contaminants in the water supply to which people could have
been exposed. Although ATSDR recognized and tried to account for the limitations and uncertainties as-
sociated with its models, the committee judges that—because of the sparse set of water-quality measure-
ments, the need to make unverifiable assumptions, and the complex nature of the PCE source—it is virtu-
ally impossible to estimate exposure to historical levels of PCE and its degradation products accurately.
Reporting precise values based on model predictions gives the misleading impression that the exposure of
the former residents and workers at Tarawa Terrace during specific periods can be accurately defined. It
is the committee’s judgment that ATSDR’s model is best used for estimating exposure categories qualita-
tively. From that perspective, a single exposure category of “exposed” appears to be applicable to persons
who resided or worked at Tarawa Terrace during 1957-1985.

Hadnot Point

The water-supply contamination scenario for Hadnot Point is much more complex than that for
Tarawa Terrace because there were multiple sources and contaminants. The extent of contamination has
not yet been characterized, inasmuch as historical reconstruction or groundwater modeling has not yet
been performed for Hadnot Point. The committee therefore relied on site descriptions of source areas,
laboratory reports and other documentation of supply-water sampling, and results of monitoring of
groundwater wells that were installed as part of remedial investigations to characterize likely exposures.
Numerous sites have been identified as possibly contributing to the contamination of the groundwater,
including an industrial area, a drum dump, a transformer storage lot, an industrial fly-ash dump, an open
storage pit, a former fire training area, a site of a former on-base dry cleaner, a liquid-disposal area, a
former burn dump, a fuel-tank sludge area, and the site of the original base dump. TCE appears to be the
primary contaminant of concern on the basis of measurement data from the 1980s, but many other chemi-
cals had the potential to contaminate the water supply, given the nature of activities at sites near the sup-
ply wells. Other chemicals measured in the water supply included PCE, vinyl chloride, 1,1-DCE, 1,2-
DCE, methylene chloride, benzene, and toluene. Sampling performed in the early 1990s as part of reme-
dial investigations also detected metals in monitoring wells, but little if any metal analysis was conducted
for the timeframe of interest (1943-1985), and the committee did not review such data. Qualitative evi-
dence suggests that the potential magnitude of groundwater contamination appears to have been much
higher at Hadnot Point than at Tarawa Terrace.

ATSDR plans to perform a historical reconstruction of estimates of the concentrations of water-
supply contaminants at Hadnot Point similar to the one performed for Tarawa Terrace. On the basis of its
review of Hadnot Point water-system contamination, the historical groundwater modeling performed for
Tarawa Terrace, and ATSDR’s preliminary plans for historically reconstructing exposures that occurred
at Hadnot Point, the committee recommends that simpler models be used instead of complex groundwater
models. In particular, the use of conceptual models based on hydrogeologic characterization studies cou-
pled with mass-balance calculations or analytic models should be given serious consideration because
they can be performed relatively quickly and can be used to achieve a crude characterization of the degree
and timeframe of contamination of the aquifer. Groundwater-modeling studies using public-domain
MODFLOW-family tools should be performed only after establishing a clear need for a study. To support
further analyses, the committee also recommends that the Marine Corps create and maintain a compre-
hensive public database of water-quality measurements for all environmental media samples collected
across the base in the course of investigating the nature and extent of contamination at Camp Lejeune.
The database should include information on where samples were taken, sampling dates, analytes meas-
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ured, laboratory quality-control information (including limits of detection), and other information relevant
to exposure assessment.

Water-Use Patterns and Behavior

Places and dates of residence are key determinants of likely exposure at Camp Lejeune, but indi-
vidual behaviors also affect the magnitude of exposure. Such behavior includes water consumption,
showering or bathing patterns, and other water-related behavior (such as dishwashing). Such information
is not available in archival records, and it is far too remote in time for accurate recall. A study in progress
evaluating birth defects and childhood cancers is collecting self-reported water-use information from sur-
viving mothers of offspring in the study, but the data are not yet available. The contaminated water sys-
tems also supplied nonresidential areas of the base, including schools, workplaces, recreational areas, and
a hospital. Water-use patterns and behavior in those setting are expected to differ substantially from resi-
dential uses and behavior. In addition, the residential and nonresidential exposures could overlap, and
people could have been exposed to contaminated water at multiple locations.

HEALTH-EFFECTS EVALUATION

The committee considered a wide spectrum of potential health effects that are known or suspected
to be associated with TCE and PCE by surveying the scientific literature on the contaminants and the
health problems reported by former residents and workers of Camp Lejeune. The scientific literature re-
viewed included reports of toxicologic experiments with the solvents in laboratory animals; of epidemi-
ologic studies of workers and communities exposed to TCE, PCE, and mixed solvents; and of studies of
the Camp Lejeune population. Studies on how the chemicals are processed and distributed in the body of
laboratory animals and humans were also reviewed and compared. Those lines of research were consid-
ered separately and then considered together to determine the health outcomes that were of greatest con-
cern. The health effects on which there was convergent information from the toxicologic and epidemi-
ologic literature, even if not perfectly concordant, were considered by the committee to be of most
nterest.

Epidemiologic Evidence

In evaluating the epidemiologic literature, the committee adopted a categorization scheme devel-
oped by the Institute of Medicine (IOM) for determining whether data indicate a statistical association
between chemicals and various health outcomes. IOM’s approach was developed to evaluate exposure of
veterans of the Vietnam War and the Gulf War and is used by the Department of Veterans Affairs to
make decisions about compensation. The five categories in the scheme are limited/suggestive evidence of
no association, inadequate/insufficient evidence to determine whether an association exists, lim-
ited/suggestive evidence of an association, sufficient evidence of an association, and sufficient evidence
of a causal relationship. Among the five categories, only two were judged to be applicable to the literature
on TCE and PCE: limited/suggestive evidence of an association and inadequate/insufficient evidence to
determine whether an association exists. In the category of limited/suggestive, the evidence suggests an
association between exposure to a chemical and a specific health outcome in human studies, but the body
of evidence is limited by the inability to rule out chance and bias, so there is incomplete support of any
association and insufficient basis for inferring a causal association. In the category of inade-
quate/insufficient, the available evidence is of insufficient quantity, quality, or consistency to support a
conclusion about the existence of an association.
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Overall, the committee did not find sufficient evidence to justify causal inference for any of the
health effects it reviewed. The committee concluded that there was limited/suggestive evidence of an as-
sociation between chronic exposure to TCE or PCE and cancers of the breast, bladder, kidneys, esopha-
gus, and lungs. The epidemiologic literature was also judged to provide limited/suggestive evidence of an
association between TCE or PCE and hepatic steatosis and acute tubular necrosis related to chronic expo-
sure at high concentrations but not to chronic exposure at low concentrations. Studies also showed some
evidence of an association between solvent exposure and acute glomerulonephritis. Findings of human
studies were not sufficiently consistent to draw any firm conclusions about reproductive outcomes, but a
few studies showed a potential association with male infertility, and there was a suggestion of an associa-
tion between solvents in general and reduced fermale fecundability (the ability to conceive). The epide-
miologic evidence provides some indication that solvent exposure during but not before pregnancy is as-
sociated with increased risk of miscarriage but not with preterm birth or reduced birth weight, and there is
no direct evidence on perinatal mortality. The epidemiologic evidence on paternal exposure to TCE and
adverse pregnancy outcome was inadequate/insufficient to determine whether an association exists. Hu-
man evidence on chronic exposure to TCE or PCE and the risk of congenital malformations was also
judged to be inadequate to support conclusions about associations. Overall, there was limited/suggestive
evidence of an association between principally inhalation exposure to solvents and neurobehavioral out-
comes, with the most support for effects on visuomotor and motor function, fatigue, headache, and defi-
cits in concentration; most of these effects were reported concurrently with exposure, and there has been
little study of whether effects persist after exposure ceases. Epidemiologic studies have provided some
support of two immunologically mediated outcomes—chronic glomerulonephritis and scleroderma. In
each case, there is limited/suggestive evidence of an association with mixed solvent exposure and, for
scleroderma, some indication of an association specifically with TCE.

Toxicologic Evidence

Animal cancer studies of TCE at maximally tolerated doses revealed liver and lung cancers in
mice and kidney and testicular cancers in male rats. Similar cancer studies of PCE exposure revealed liver
cancers in mice and mononuclear-cell leukemia and kidney cancer in male rats. These tumors were in
most instances species-, gender-, and strain-specific. Malignant liver tumors were seen in only one strain
of one sensitive species, the B6C3F; mouse. Studies revealed that metabolic and mechanistic similarities
between rodents and humans are such that highly exposed workers might develop TCE- and PCE-induced
kidney tumors but appear to be much less susceptible than rats.

Review of noncancerous health outcomes in studies of TCE and PCE exposure indicated in-
creased lung toxicity in mice, and hepatic and renal toxicity was reported after high exposure in rodents.
Metabolism of TCE and PCE in rodents is qualitatively similar to that in humans but is quantitatively dif-
ferent and results in greater susceptibility of rodents to these compounds. Other studies revealed that ro-
dent liver, kidney, and lung cells are more sensitive than equivalent human cells. Toxicologic studies re-
ported adverse effects on indicators of male fertility in rats and mice exposed to TCE and PCE,
respectively, at high doses, but there was little evidence of female infertility even at high concentrations.
The toxicologic data constitute strong evidence that neither solvent is associated with congenital malfor-
mations in rats. Adverse pregnancy outcomes were not seen in toxicologic studies of maternal exposure to
TCE in rats. A reduction in number of litters and increased perinatal mortality were observed in studies of
mating pairs of rats and mice. Pregnancy outcomes after maternal inhalation exposure of rats to PCE indi-
cate a reduction in intrauterine growth. Auditory deficits, reduction in performance of tasks, and other
neurologic effects were reported in rats exposed to high TCE concentrations. Changes in visual evoked
potentials in rabbits and decreased wakefulness in rats were reported in response to inhalation exposure to
TCE. A few studies have reported neurobehavioral changes and altered brain neurochemistry in rats in
response to inhalation exposure to PCE. TCE caused allergic sensitization in animal studies, including
contact dermatitis and exacerbation of asthma. Toxicologic studies have shown exacerbation of autoim-
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mune diseases in a genetically modified mouse model and immunosuppression after TCE exposure. Inha-
lation of PCE reduced innate bactericidal activity in mice subjected to inhaled microorganisms, but little
information was available on the potential of PCE to suppress the immune system or to induce autoim-
mune diseases.

Integrated Consideration of the Epidemiologic and Toxicologic Evidence

Convergence of the epidemiologic and toxicologic evidence was considered to identify health
outcomes of greatest interest and plausibility as potential consequences of exposure to TCE and PCE in
the water supply. This approach supplemented IOM’s categorization approach by explicitly considering
how the toxicologic evidence adds to the weight of evidence in characterizing health risks posed by TCE
and PCE. The complementary strengths and weaknesses of the two bodies of literature provide important
information on outcomes that are most deserving of attention. Review of epidemiologic studies of cancer
outcomes provides limited/suggestive evidence of an association between chronic exposure to TCE or
PCE and cancers of the breast, bladder, kidneys, esophagus, and lungs. Among those outcomes, positive
concordance with the toxicologic evidence was strongest for kidney cancer observed in workers exposed
to TCE, sometimes at doses where acute neurotoxicity was observed.

For noncancer outcomes, some convergence was found for toxic effects on the liver and kidneys
of rodents and humans. Rodents exposed to high concentrations of TCE and PCE exhibited hepatic dam-
age and renal tubular-cell damage. Epidemiologic studies also found limited/suggestive evidence of an
association with hepatic steatosis (fatty accumulation in the liver) and sensitive measures of acute renal
tubular necrosis. Such damage was associated with chronic high-level exposure to solvents but not with
chronic low-level exposure.

Separate toxicologic evidence and epidemiologic evidence of associations between exposure to
solvents and reproductive outcomes were found, but there was little convergence for specific reproductive
outcomes. For example, toxicologic studies of high doses have reported adverse effects on indicators of
male fertility in rats exposed to TCE and mice exposed to PCE; human studies were not consistent
enough to support any firm conclusions, but a few studies showed a potential association with male infer-
tility. The human data on female fertility were suggestive of an association between solvents and the abil-
ity to conceive, but there was little evidence of an association in the toxicologic literature to support fe-
male infertility even at high doses. Although the epidemiologic evidence of an association between
chronic exposure to TCE or PCE and congenital malformations was judged to be inadequate to support
conclusions, the toxicologic data provide strong evidence that neither solvent is associated with congeni-
tal malformations in rats. Reduction in fetal weight after maternal exposure of rats to PCE was observed
n one toxicologic study; this outcome is considered somewhat analogous to the human outcome of “small
for gestational age” (SGA), for which the epidemiologic data are inadequate/insufficient for determining
whether an association exists.

Toxicologic studies report effects of exposure to high doses of TCE on the nervous system, such
as central nervous system depression, attention deficits, alterations in visual evoked potentials, and other
neurologic outcomes. Neurologic effects in toxicologic studies of PCE include anesthetic effects at high
doses and changes in behavior and neurochemical markers at lower doses. Epidemiologic studies provide
limited/suggestive evidence of an association between inhalation exposure to solvents and neurobehav-
ioral effects; most of the reported effects were concurrent with exposure, and there has been little study of
whether neurobehavioral effects persist after exposure ends.

Regarding effects on the immune system, toxicologic studies in sensitive strains of mice indicate
that TCE can act as a skin sensitizer, modulate existing asthma, produce immunosuppression, and influ-
ence autoimmune diseases. Immunotoxic data on PCE are less abundant, with only a suggestion of effects
on allergic sensitization and immunosuppression. Epidemiologic studies show limited/suggestive evi-
dence of an association between mixed solvent exposure and two immunologically mediated outcomes,
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chronic glomerulonephritis and scleroderma. There is some indication of a specific association between
TCE and scleroderma.

The committee is aware that some other health outcomes reported by former residents of the base
(for example, male breast cancer and second-generation effects) are not cited above. The absence of in-
clusion of specific health outcomes does not mean that such effects should be excluded from further con-
sideration of the Camp Lejeune population. Rather, it indicates that those outcomes have not been specifi-
cally investigated, or if they were considered, the studies were too small or of insufficient quality to
support inferences.

Exposure Estimates in the Context of the Toxicologic and Epidemiologic Evidence

Perspective is needed in evaluating the exposures that occurred at Camp Lejeune. For example,
some exposures are described as being “high” and others as being “low.” To understand the meaning of
those descriptors, it is important to understand what is being compared. For example, ATSDR compared
exposures with EPA’s MCL of 5 pg/L for PCE. In 1985, EPA classified PCE as a probable human car-
cinogen, and its policy is to assign a public health goal of zero exposure for such chemicals. The analytic
feasibility of measuring PCE was considered in the setting of the MCL, and 5 ng/LL was selected because
it was judged to be the lowest concentration that could be reliably detected. Thus, the MCL is not based
on toxicologic or epidemiologic data.

In epidemiologic studies, “high” exposures tend to occur in occupational situations where TCE
and PCE are used routinely. Inhalation is usually the primary route of exposure in occupational scenarios,
with skin exposure a less important route. Exposure tends to be much lower in community studies than in
occupational studies and to involve exposure by the oral, dermal, and inhalation routes.

In toxicologic studies, exposure is usually expressed in terms of vapor concentration for inhala-
tion exposure (parts per million) and dose for oral exposure (milligrams per kilogram of body weight per
day). Lowest-observed-adverse-effect levels (LOAELSs) were identified from the animal toxicologic stud-
ies for different adverse health effects. In some cases, a no-observed-adverse-effect level was also identi-
fied. The committee compared LOAELSs with a range of estimated daily intakes that may have occurred at
Camp Lejeune. Adverse health outcomes used in the evaluation were renal toxicity, renal cancer, neuro-
toxicity, and immune-related health effects—adverse outcomes in animals judged to be most relevant to
humans on the basis of metabolic, mechanistic, and epidemiologic studies. Because of known variation in
contaminant concentrations at Camp Lejeune, the range of exposures considered included the highest
measured concentrations of TCE and PCE in finished water, half those concentrations, and twice those
concentrations. Results of a toxicologic hazard evaluation' indicate that the lowest doses that elicited ad-
verse health effects in animals are much greater than the doses to children and adults that may have oc-
curred, as estimated from the highest measurements taken of the Camp Lejeune water supplies. Thus, in
the context of human occupational and animal studies, potential exposure of human populations at Camp
Lejeune is described as being “low.” Although such comparisons afford a general frame of reference, they
should be considered as just one facet of the health-effects evaluation. There are limitations in extrapolat-
ing the results of toxicologic studies, in which laboratory animals are exposed to high concentrations un-
der controlled conditions, to human exposure scenarios where exposure varies in concentration and dura-
tion. Even community studies cannot be directly extrapolated to the Camp Lejeune population, because
the Camp Lejeune population was much more transient than the nonmilitary populations studied in the
other scenarios; moreover, other contaminants or other risk factors were probably present in both cases.

'A dissenting viewpoint on the conduct of this evaluation is provided in Chapter 4.
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Past and Current Studies of the Camp Lejeune Population

Two analyses of the Camp Lejeune population have been completed by ATSDR, both of which
focused specifically on health risks to children who were exposed in utero and considered measures of
fetal growth and duration of gestation. No clear associations were found between exposure and mean birth
weight, preterm birth, and SGA, although one study conducted a subgroup analysis and reported an in-
creased risk of SGA in infants born to older mothers or mothers who had prior fetal losses. Weaknesses in
both studies limit the ability to draw definitive conclusions—most important, weaknesses in exposure
assessment. Place of residence at the time of birth was used to categorize people as exposed or unexposed
despite the potential for migration in or out over the course of pregnancy. It was discovered after the
study was completed that an area that was considered unexposed (Holcomb Boulevard) had received wa-
ter from a contaminated system (Hadnot Point) for the first 4 years of the study period, so the study re-
sults became invalid. ATSDR plans to reanalyze its study with corrected exposure information; the com-
mittee views this as a useful effort that can be completed rapidly without awaiting water-modeling results.

An ATSDR study of the effect of prenatal exposure on birth defects and childhood cancers is un-
der way. In addition to many of the same methodologic concerns as in the studies of fetal growth and pre-
term birth, the current study has limited statistical power to detect associations with congenital defects or
childhood cancer, and it does not consider exposures in infancy or early childhood. The results of that
study await completion of ATSDR’s water modeling at Hadnot Point. As noted above, the committee
recommends that simpler or conceptual groundwater modeling be performed for the analysis of Hadnot
Point and that the results of that effort be applied to the completion of the case-control study of congenital
defects and childhood cancer.

Future Studies of the Camp Lejeune Population

ATSDR has evaluated the feasibility of conducting three additional studies of the Camp Lejeune
population, including a health survey and studies that would evaluate deaths from all causes and cancer
incidence among former residents and workers. ATSDR identified some of the same diseases and disor-
ders identified in the committee’s review as being of interest. These included kidney cancer, lung cancer,
breast cancer, scleroderma, liver disease, kidney disease, and spontaneous abortion. ATSDR also identi-
fied additional outcomes of possible interest for its study.

The proposed health survey was generated in response to a congressional directive. The survey
would seek information on residential history and various health outcomes, and could be used to support
the other two studies. The survey’s success depends on getting adequate participation (at least 60%). Even
if satisfactory participation is achieved, there are concerns that there could be bias in the reported data,
because people who have experienced disease or illness are more likely to participate in the survey.

There are a number of difficulties with performing the mortality and cancer incidence studies, in-
cluding identifying, locating, and recruiting the study participants and obtaining reliable health informa-
tion on them in an efficient manner. The committee found that although ATSDR considered the major
issues bearing on the feasibility of the studies and proposed reasonable approaches to address them, there
remain serious, unresolved questions about the feasibility and ultimate value of the studies. For example,
it is not clear that the cancer incidence study could be performed successfully, because it is contingent on
the cooperation of many state cancer registries. Even with cooperation, the statistical power to compare
groups of interest across the range of outcomes has yet to be assessed. Statistical power is also an issue
with the mortality study. The quality of exposure assessment remains problematic as well. On the basis of
information reviewed, the committee considers it unlikely that the proposed studies, even if the notable
uncertainties about feasibility are all resolved favorably, will produce results of sufficient certainty to re-
solve the question of whether Camp Lejeune residents suffered adverse health effects from contaminated
water.
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OVERARCHING CONCLUSIONS AND RECOMMENDATIONS
Conclusions

o The available scientific information does not provide a sufficient basis for determining whether
the population at Camp Lejeune has, in fact, suffered adverse health effects as a result of exposure to con-
taminants in the water supplies. On the one hand, several lines of scientific reasoning suggest such effects
are unlikely to have occurred. The evidence includes a substantial body of research on the toxicology of
TCE and PCE that indicates that the exposures required to cause adverse effects in laboratory animals
were much larger than the highest measurements available on the Camp Lejeune water supplies; evidence
that humans have lower sensitivity to TCE and PCE than rodents; epidemiologic data largely from occu-
pational settings with higher, longer-term exposures to TCE and PCE that has not generated compelling
evidence of adverse health effects; and the relatively short-term, intermittent nature of the exposures in-
curred at Camp Lejeune. On the other hand, the possibility that health effects may have been produced by
the contaminant exposures at Camp Lejeune cannot be ruled out. Some effects of TCE or PCE exposure
might have occurred below the level of detection in toxicologic studies, which focused on single contami-
nant exposures at high doses, used genetically homogeneous animal strains, and necessarily involved ex-
trapolation across species. In addition, the population exposed at Camp Lejeune is more diverse and pos-
sibly more susceptible than those that have been exposed to TCE and PCE in occupational settings, and
the actual concentrations of PCE and TCE and the presence of additional water contaminants are poorly
documented and could thus be higher or more complex than the limited historical measurements suggest.
There were divergent views among the committee members about the probability that each would assign
to whether adverse health effects have in fact occurred, but there was consensus among them that scien-
tific research is unable to provide more definitive answers to that question.

e Additional research on potential health effects of water contamination at Camp Lejeune are
unlikely to provide definitive information on whether exposure to it resulted in adverse health effects.
Limitations in population size, data availability, and data quality cannot be overcome. Those limitations
are due in part to the lack of documentation of exposure and the difficulty in assessing the health events
that residents experienced after they were exposed. Even if ATSDR’s planned work goes forward suc-
cessfully, the outcome of the efforts is unlikely to determine conclusively whether Camp Lejeune resi-
dents were adversely affected by exposure to water contaminants.

e Because of the historical and complex nature of the contamination that occurred at Camp Lejeune
and the availability of few empirical data on concentrations in water supplies, only crude estimates of ex-
posure can be obtained. Even with the use of reasonable and, in some cases, advanced approaches, limita-
tions in data availability and quality cannot be overcome. Thus, only a general conclusion can be drawn
that the Tarawa Terrace and Hadnot Point water-supply systems were contaminated and that residents and
workers were exposed to the contaminants in a highly variable manner. Additional work should make it
possible to assign exposure categories of exposed and unexposed based on time and residence with rea-
sonable certainty.

Recommendations

Additional research on the affected population should be only one of several potential responses
by the Marine Corps to the water-contamination at Camp Lejeune. Given the likelihood that such studies
would extend for many years and their expected inability to deliver definitive information on whether the
water-supply contamination at Camp Lejeune caused adverse health effects, efforts to address and resolve
the concerns associated with the documented contamination should not be deferred until such research is
completed. Policy changes or administrative actions that would help to resolve the controversy should
proceed in parallel with the studies (if they are continued) rather than in sequence.
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Introduction

Camp Lejeune is a U.S. Marine Corps base that covers about 233 square miles in Onslow County,
North Carolina. It was established in the early 1940s and is the site of six major Marine Corps commands
and two U.S. Navy commands, including reconnaissance, intelligence, infantry, artillery, and amphibious
units. In the early 1980s, the Marine Corps discovered that the drinking-water systems that supplied two
areas of housing at Camp Lejeune (Tarawa Terrace and Hadnot Point) were contaminated with volatile
organic compounds (VOCs). The major contaminants of concern were identified as the solvents trichloro-
ethylene (TCE) and perchloroethylene (PCE).!

Investigation into the drinking-water contamination began in 1980, when a routine test was con-
ducted for trihalomethanes, which are produced as byproducts of water-treatment processes. Results indi-
cated that other contaminants were present, including TCE, PCE, and other VOCs. Further investigation
revealed that wells serving Tarawa Terrace were contaminated with PCE from an off-base dry-cleaning
operation because of accidental spills and improper disposal of PCE. The contamination probably began
when dry-cleaning operations began in 1953 (Maslia et al. 2007). The wells serving the Hadnot Point wa-
ter system had multiple sources of contamination and multiple contaminants, the most important of which
was TCE. Sources of the contamination included on-base spills at industrial sites and leaks from under-
ground storage tanks and drums at dumps and storage lots. The Hadnot Point water-treatment plant began
operating in 1943, but no estimates have yet been made of when the contamination might have begun.
The contaminated wells in both systems were removed from service during 1984-1985.

The residential areas served by the Tarawa Terrace and Hadnot Point water systems consisted
primarily of enlisted-personnel family housing and barracks for unmarried service personnel. Thus, many
of the exposed were young members of families and people of reproductive age. Both water systems also
served base administrative offices, schools, and recreational areas. In addition, the Hadnot Point water
system served the base hospital and an industrial area, periodically supplemented water supply to the Hol-
comb Boulevard system in summer months (Bove and Ruckart 2008), and temporarily supplied water to
the Holcomb Boulevard water system for a 2-week period during an emergency in 1985 (GAO 2007).
The number of people that lived or worked in the areas served by the contaminated water systems has not
yet been determined.

There has been considerable controversy over the drinking-water contamination at Camp Le-
jeune. Questions have been raised about when the contamination was discovered, whether appropriate
action was taken by the Marine Corps and the Department of the Navy (the department under which the
Marine Corps operates), and whether information about the contamination was disclosed in timely and
appropriate ways. Some people who became ill or whose families or friends became ill or died have
sought to learn whether the contaminated drinking water might be to blame. They have also questioned
whether the investigations that were conducted were the most appropriate ones and whether studies that

'PCE is also known as tetrachloroethylene or Perc.
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