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Executive Summary

From the 1950s through the mid-1980s, persons residing or working at the U.S. Marine
Corps Base Camp Lejeune, North Carolina, were potentially exposed to drinking water
contaminated with volatile organic compounds (VOCSs). The heavily contaminated wells
were shut down in February 1985. In 2005, a panel of independent scientists convened by
ATSDR recommended that the agency

e identify cohorts of individuals with potential exposure, including adults who lived
on base; adults who resided off base, but worked on base; children who lived on
base; and those who may have been exposed while in utero; and

e conduct a feasibility assessment to address the issues involved in planning future
studies at the base.

In response, ATSDR has prepared this assessment of the feasibility of conducting future
epidemiological studies at the base. ATSDR visited the Naval Health Research Center
(NHRC), the Defense Manpower Data Center (DMDC), and the DOD Education Activity
storage facility at Fort Benning, Georgia, to determine whether available databases could
identify adults and children who lived at the base, or civilians who worked at the base,
during the period when drinking water was contaminated with VOCs. ATSDR also
convened a panel of epidemiologists with experience in military and occupational cohort
studies to provide recommendations on future studies. The list of participants and the
panel’s minutes are provided in Appendix A.

ATSDR concludes that a mortality study and a cancer incidence study are feasible.
Available DOD personnel databases can identify active duty Marines and naval personnel
and civilian employees stationed at the base during the period when the Hadnot Point and
Tarawa Terrace drinking water systems were contaminated with VOCs. ATSDR also
concludes that it may be feasible to include in the cancer incidence study those who
participated in the ATSDR 1999-2002 survey and those who will participate in the
congressionally mandated Navy/Marine Corps health survey scheduled for 2009. These
studies should have sufficient statistical power to detect moderate excesses (e.g.,
standardized mortality ratios [SMRs] < 2.0) in specific cancers among those exposed to
the contaminated drinking water (see Appendix B).

A literature review conducted for this assessment has identified specific cancers (e.g.,
leukemia, non-Hodgkin’s lymphoma, bladder cancer, breast cancer, and lung cancer) that
have been associated with occupational or drinking water exposures to trichloroethylene
(TCE) or tetrachloroethylene (perchloroethylene or PCE). These cancers could be
evaluated in a mortality study and in a cancer incidence study. The literature review also
identified noncancer diseases associated with TCE or PCE occupational exposures (e.g.,
scleroderma, kidney and liver diseases) that could be studied using the Navy/Marine
Corps health survey.

Several criteria were used to determine the feasibility of conducting future
epidemiological studies at the base. The criteria reflect ATSDR’s commitment to conduct
excellent and scientifically credible science. These feasibility criteria include

e Minimize bias in the selection of persons into the cohort(s).



e Minimize bias in the health information obtained for each cohort member.

e Minimize bias due to risk factors other than drinking water exposures.

e Minimize bias in the assessment of exposures.

e Ensure sufficient statistical power to detect small excesses in disease rates.
In general, future epidemiological studies at the base should be capable of

1. Producing scientific knowledge capable of generalization to similar situations
elsewhere involving the particular exposures and diseases, and

2. Answering the affected community’s specific questions concerning a possible
link between the drinking water exposures and diseases in that community.

All-Causes Mortality Study

The proposed mortality study would evaluate all causes of death occurring in the cohort
of Marines and naval personnel who began active duty on or after June 1975 and who
were assigned to the base anytime during the period June 1975—- December 1985. The
study would also evaluate a cohort of civilians whose employment start-date was on or
after June 1974 and who worked at the base anytime during the period June 1974-
December 1985. These cohort definitions are based on the availability of computerized
personnel records at the DMDC and on the period of drinking water contamination at the
base.

Because their drinking water exposure experiences were different, these two cohorts
would be analyzed separately. The focus of the analyses would be comparisons between
those exposed and those unexposed within each cohort (i.e., “internal comparisons”).
Internal comparisons avoid biases due to the “healthy veteran effect” caused by
differences in underlying mortality rates between veterans and the general public.
Nevertheless, to improve the credibility of the mortality study, the epidemiology
panel recommended including in the mortality study and in the cancer incidence
study an external, unexposed comparison group, similar in all respects to the
Marines and to the civilian workers at Camp Lejeune—except for exposure to
VOC-contaminated drinking water. ATSDR therefore proposes sampling
approximately 50,000 Marines and 10,000 civilians from those who were first stationed
or employed at Camp Pendleton, California, during the period 1975-1985 and who,
during the period of drinking water contamination, were never stationed at Camp
Lejeune.

The inclusion of the Camp Pendleton samples would address two major issues: 1)
whether statistical power for the internal comparisons is inadequate because too few
members of the Camp Lejeune cohorts were unexposed to the drinking water
contamination, and 2) whether anyone was unexposed to contaminated drinking water at
the base (e.g., because of water consumption during field training or because Hadnot
Point water resupplied the Holcomb Boulevard system during summer months when the
golf courses were irrigated).

To determine vital status, personal identifiers for each cohort member (i.e., name, social
security number (SSN), date of birth, and sex) would be matched using a customized



algorithm to data in the Veterans Affairs (VA) Beneficiary Identification and Record
Locator Subsystem (BIRLS) death file, the Medicare Vital Status file, and the Social
Security Administration (SSA) Death Master File. Follow up would begin at the start of
known assignment at Camp Lejeune and continue to the end of the study period, to
December 31, 2007, to the date of death, or to the date of last known vital status.
Exposures may be lagged in the analyses to account for a latency period. The National
Death Index (NDI) would be used to determine the cause of death. Death certificates
would also be obtained. For deaths occurring before the start of the NDI in 1979, a
nosologist would code the cause of death from the death certificate. Appendix J describes
the VA, Medicare, SSA, and NDI databases. The minimum detectable SMRs for
comparisons between the Camp Lejeune active duty cohort and the U.S. population are
presented in Appendix B.

For the active duty cohort, the exposure assessment would be based on the monthly levels
of contaminants in the drinking water serving their residence (e.g., family housing or
barracks). For the civilian cohort, the exposure assessment would be based on the
monthly contaminant levels in the drinking water serving the workplace location.

Cancer Incidence Study

A cancer incidence study would evaluate all confirmed cancers newly diagnosed during
the period from the date of first residence or employment at Camp Lejeune (or Camp
Pendleton) to December 31, 2007 (i.e., the most recent date when complete data are
available from state and federal cancer registries) or date of death. This study would use
two approaches: 1) data linkage with state cancer registries and federal cancer registries;
and 2) conduct of the congressionally mandated Navy/USMC health survey. For the data
linkage approach to be successful, either the participation of all 50 state cancer registries
or the registries in the states where a sizeable percentage of Marine retirees reside would
be necessary (e.g., the first 25-30 states listed in Appendix C). If the data linkage
approach is not successful, the cancer incidence study would be based solely on the
health survey. On the other hand, if the health survey is unsuccessful, the cancer
incidence study would be based solely on the data linkage approach. For the health
survey to be successful, a participation rate of at least 65% is necessary. To increase
survey participation, methods such as repeat mailings and phone contacts would be
employed. If both approaches are successful, then they could be combined.

1. Data Linkage

This approach would match each cohort member’s personal identifier information to the
available data on cancers from all 50 state cancer registries, federal (DOD and VA)
cancer registries, death certificates, and the NDI. Appendix J describes these cancer
information sources. If participation of all 50 state cancer registries cannot be achieved,
then it would be necessary to gain the participation of the 25-30 states with the highest
percentage of Marine Corps retirees (see Appendix C).

The cohorts evaluated in the mortality study would be included in this study (together
with the samples from Camp Pendleton). The minimum standardized incidence ratios
(SIRs) for comparisons between the Camp Lejeune active duty cohort and the U.S.



population are presented in Appendix B. Because the number of women in the active
duty cohort is small (i.e., approximately 8,000), statistical power to detect female cancers
would not high. Therefore, ATSDR would add to the active duty cohort about 2,900
women who responded to the ATSDR 1999-2002 survey of parents of children who were
carried or conceived at Camp Lejeune during 1968-1985 and who 1) first resided at the
base between 1975 and 1985, and 2) provided ATSDR with their SSN.

All state cancer registries have data available from 1997 onward. Therefore, comparisons
(SIRs and standardized incidence odds ratios) could be made between national cancer
rates and cancer rates among the Lejeune and Pendleton cohorts for the period 1997—
2007. Comparisons internal to the Lejeune cohorts (i.e., between the exposed and
unexposed)—and comparisons between Camp Lejeune and Camp Pendleton—would
utilize all cancers identified during the entire study period, 1975-2007.

Because most of the cancer registries do not cover the entire study period, some cancers
would be missed. Still, because the cohort members were very young at the start of
follow up, the number of missed cancers would be low. In addition, for the internal
comparisons bias due to missed cases would be minimal; there should be no relation
between exposure status and the states where cohort members reside after retiring from
service. On the other hand, the comparison between Camp Lejeune and Camp Pendleton
could be affected by such a bias if differences appear between the two bases in the
percentage of retired Marines migrating to states with older cancer registries. Although
residences after retirement are not available from the DOD databases, it is possible to
compare the home state frequencies of Marines stationed at the two bases to determine
any significant geographical differences.

2. Combined Data-Linkage and Health Survey Approach

If the Navy/USMC health survey achieves at least a 65% participation rate, then the
cancer incidence study will include those who complete the survey as well as all who are
included in the data linkage approach. The personal identifier information for the health
survey participant will be matched to the available data on cancers from the state cancer
registries and the federal (DOD and VA) cancer registries. Cancers identified in the
mortality study will be included, and the next of kin listed on the death certificate will be
sent a health survey to collect risk factor information on the deceased case.

The health survey will be mailed to the active duty and civilian cohorts, to the Camp
Pendleton sample, to the 12,598 respondents in the 1999-2002 ATSDR survey, and to
anyone who registered with the USMC or who provided contact information to ATSDR.
The health survey will collect information on any cancer a person may have had that was
diagnosed by a health provider. Such information will include the type of cancer, the date
of diagnosis, and the state and hospital of diagnosis (to facilitate the acquisition of cancer
registry data or medical record confirmation). Self-reported cancers will be confirmed by
medical records or cancer registrations. To facilitate medical record confirmation, the
participant will be asked to provide a copy of the medical record to ATSDR or to sign a
medical records release form allowing ATSDR to gain access to the medical record.
Other items in the survey will include a residential history, residences at the base, an
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occupational history, and information on several risk factors (e.g., SES, demographics,
smoking, alcohol consumption).

In effect, this will be a “two-stage” approach in which information on exposures and
cancers will be available for everyone in the study who is not lost to follow up.
Information on potential confounders such as occupational exposures and smoking,
however, will only be available to those who complete the health survey. Yet information
on potential confounders from those who complete the health survey can still be used to
adjust for confounding in the analyses of the entire study population.

To determine the most cost-effective method by which to enhance participation, the
survey will be mailed to a small sample of the Camp Lejeune and Camp Pendleton
cohorts. Various methods for converting nonrespondents will be tested to determine cost-
effectiveness: repeat mailings, phone contacts, incentives, and an introductory letter
signed by the Commandant of the Marine Corps encouraging participation. The
effectiveness of using a mixed mode approach (e.g., a mailed survey and a Web-based
survey) will also be evaluated.

Other Diseases

In addition to questions on cancers, the health survey will include questions on those
nonfatal diseases that can be confirmed by medical records and that are known or
suspected of being associated with solvent exposures. These diseases will include
Parkinson’s disease, kidney failure and other severe kidney diseases, severe liver
diseases, lupus, and scleroderma. The survey form will also allow the respondent to
report other disease conditions. The survey may also include a few symptom questions
such as skin disorders and neurological disorders with a known relation to solvent
exposure.

Vii



Introduction

This report describes the activities and the conclusions of ATSDR’s feasibility assessment of
future drinking water epidemiological studies at the U.S. Marine Corps Base Camp Lejeune,
North Carolina. The feasibility assessment’s goal was to determine whether data exist to conduct
scientifically credible epidemiological studies. Those studies would assess the biologically
plausible adverse health effects of exposures to the drinking water contaminants in the Camp
Lejeune water systems. The feasibility assessment assumed that the historical reconstruction of
drinking water contamination in the Tarawa Terrace and Hadnot Point systems would provide
sufficient data to determine exposures. Therefore, the feasibility assessment focused on two key
questions:

1. Are the data sufficient to identify members of each of the cohorts (adults, children) who
resided or who worked at the base, and who while there were potentially exposed to
contaminated drinking water?

2. Are the data sufficient to ascertain and to confirm biologically plausible adverse health
outcomes’ related to exposures to the volatile organic compounds (VOCSs) detected in the
Camp Lejeune water systems?

Site History

The United States Marine Corps (USMC) Base at Camp Lejeune, North Carolina began
operations during the early 1940s. Currently, the base is home to an active duty, dependent,
retiree, and civilian employee population of nearly 150,000 persons: about 43,000 are active
military personnel and, together with their dependents, total about 53,500. About 42,000 base
residents are retired, and about 4,900 are civilian employees. The base has a relatively young
population—almost two-thirds of the active military personnel and their dependents are under
the age of 25. Considerable in- and out-migration occurs at the base. For example, ATSDR was
told by staff of the Camp Lejeune Naval Hospital that during the 1970s and 1980s, an estimated
one-third of mothers receiving prenatal care at the hospital were transferred from Camp Lejeune
before delivery. The average duration in family housing is about 2 years. On leaving the base,
people scatter across the nation, becoming potentially exposed to pollution in military and
nonmilitary jobs as well as to pollution occurring in other parts of the country.

Before March 1987, eight water treatment plants provided drinking water to family housing units
and barracks at the base: Tarawa Terrace (TT), Hadnot Point (HP), Holcomb Boulevard (HB),
Courthouse Bay, Rifle Range, Onslow Beach, Montford Point/Camp Johnson and New River
(see Appendix H). During the base’s 1980-1985 sampling program, volatile organic compounds
(VOCs) were detected in HP and TT wells and in their water distribution systems. The primary
contaminant in the TT system was tetrachloroethylene (also known as perchloroethylene or
PCE). The primary contaminant in the HP system was trichloroethylene (TCE). Other major
contaminants in the HP system included trans-1,2-dichloroethylene (DCE), PCE, and benzene.
By early February 1985 the most contaminated wells in the HP and TT systems were shut down.

An important feature of the contamination of these two drinking water systems was its
intermittent nature. To supply water on any given day, each system had many more wells than

! (i.e., known or suspected outcomes based on experimental or observational studies or both)
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were necessary. Wells were rotated in and out of service. Contamination levels in the drinking
water distribution system varied depending on the wells being used at a particular time. In each
system, before treatment and distribution water from all the wells in use was mixed.

The HP system was constructed in the 1940s, the TT system was constructed in 1952, and the
HB system was constructed in June 1972. Before June 1972, the HB service area was supplied
by the HP system. The wells serving the HB system were not contaminated. During dry summer
months, however, the HB system’s supply was depleted due to irrigation of the base’s golf
courses. On these occasions, contaminated water from HP resupplied the HB system. How often
this interconnection between the HP and HB system was used to resupply the HB system during
dry summer months is currently not known. On January 27, 1985, a fuel pump broke at the HB
system and VOC-contaminated water from HP was supplied to the HB service area for about 2
weeks while repairs were made.

No organic solvent contamination was detected in the drinking water from the other treatment
plants serving the base.

Hadnot Point (HP)

The Hadnot Point system served most of the on-base bachelor officer’s quarters, the enlisted
barracks, and the family housing units at Hospital Point. Before June 1972, Hadnot Point also
served family housing areas subsequently served by the Holcomb Boulevard system. At present,
when the contamination of the Hadnot Point system wells began is unknown, but the
contamination could have started as early as the late 1940s or early 1950s. During the 1940s and
1950s, underground storage tanks were installed at Hadnot Point and used to store waste
degreasing solvents. The possible sources of contamination of the Hadnot Point system were
leaking underground storage tanks, spills, and other waste disposal practices. By mid-2009
modeling of this system will be complete. The model will determine when contamination started
and will estimate monthly contaminant levels.

In October 1980, the base began sampling the Hadnot Point system for trihalomethanes (THMSs),
a chlorination disinfectant byproduct. The analysis of the sample at Hadnot Point indicated the
presence of VOCs other than THMs. Samples taken in 1981 also indicated the presence of VOCs
other than THMs in the Hadnot Point system. In April 1982, the base began using a different
laboratory for the analyses of drinking water samples. TCE was detected at 1,400 ppb and PCE
was detected at 15 ppb—slightly above its detection limit of 10 ppb. No action was taken at the
time; in 1982 water quality standards had not been established for these VOCs.

In July 1982, TCE was detected at levels around 20 ppb, much lower than the level detected in
the sample taken just a few months earlier. THM samples taken at Hadnot Point in November
1982 and in 1983 were found to be contaminated with TCE and PCE. In November 1984, the
base received results of samples taken in July 1984. In one well at Hadnot Point, both TCE and
benzene were detected. Among the contaminated wells at Hadnot Point and finished water at one
building served by the Hadnot Point system, TCE levels ranged from 5 ppb to 1,600 ppb.

In December 1984, some of the Hadnot Point wells were shut down or placed offline. On
January 27, 1985, a fuel pump broke at the Holcomb Boulevard system, and while repairs were
made, water from Hadnot Point was supplied to the Holcomb Boulevard service area. On
January 31, 1985, buildings in the Holcomb Boulevard service area that were temporarily



receiving water from Hadnot Point were sampled. High contamination was found at the Berkeley
Manor Elementary School (1,148 ppb TCE and 407 ppb 1,1-dichloroethene [DCE]), an Officer’s
club (890 ppb TCE and 332 ppb DCE), the Married Officers Quarters (1,041 TCE), and two
Berkeley Manor Housing Units (905 ppb and 981 ppb TCE, 335 ppb and 369 ppb DCE). In early
February 1985, all contaminated wells in the Hadnot Point system were closed.

Tarawa Terrace (TT)

The Tarawa Terrace water system served the family housing units in Tarawa Terrace and in the
Camp Knox trailer park. In the early 1950s, a supply well for the Tarawa Terrace family housing
units was installed about 900 feet from a septic tank belonging to ABC One-Hour Cleaners
(ABC), a local dry cleaning firm. ABC began operation near the base in 1953. Contamination of
the supply well near ABC likely began soon after the well’s installation. During May, 1982
distribution system sampling, PCE was detected at 80 ppb. In July 1982, distribution system
samples found levels of PCE in the range of 76 ppb to 104 ppb. Distribution system samples
taken on February 5, 1985 detected 215 ppb PCE, 8 ppb TCE, and 12 ppb trans-1,2-
dichloroethylene (t-DCE). On February 8, 1985, the two most contaminated wells were taken
offline, and later in 1985 ABC discontinued use of the septic tank. The Tarawa Terrace system
was closed in March 1987,

In July 2007, ATSDR released “Chapter A: Summary of Findings” of the historical
reconstruction of the Tarawa Terrace system (ATSDR 2007). After extensive modeling of the
fate and transport of the groundwater contaminants and the production of the drinking water
wells, ATSDR concluded that by November 1957 PCE in the Tarawa Terrace water distribution
system had reached the 1992 U.S. Environmental Protection Agency (EPA) maximum
contaminant level (MCL) of 5 ppb.
(http://www.atsdr.cdc.gov/sites/lejeune/docs/WTP%20Concetrations_Table.pdf). Except for
July—August 1980 and January—February 1983, the MCL was exceeded in the distribution
system every month from November 1957 until mid-February 1985. Because of limited field
data, the model results are uncertain. Probabilistic and sensitivity analyses indicated, however,
that the uncertainty was within acceptable limits, and the model results were, therefore, highly
reliable (ATSDR 2007).

In March 1984, the maximum PCE level in the distribution system was estimated from the model
as a monthly average of 183 ppb. Estimates of the maximum monthly average levels of
degradation products of PCE in the distribution system were as follows: 7 ppb TCE, 22 ppb
tDCE, and 12 ppb vinyl chloride. The model estimated that monthly average levels of PCE
exceeded 5 ppb for most of the months between March 1985 and February 1987, but during this
period USMC sampling found levels below the 10 ppb-detection limit.

1998 ATSDR Study of Adverse Birth Outcomes (“SGA Study”)

ATSDR used North Carolina birth certificates and fetal death certificates for Onslow County
during 1968-1985 and base family housing records to evaluate whether associations existed
between potential maternal exposure to the drinking water contaminants at the base and

e preterm birth (<37 weeks gestational age),
e small for gestational age (SGA),


http://www.atsdr.cdc.gov/sites/lejeune/docs/WTP%20Concetrations_Table.pdf

e mean birth weight deficit, and
o fetal death.
(ATSDR 1998; Sonnenfeld et al. 2001).

Using published sex-specific growth curves for whites in the state of California, SGA was
determined as <10™ percentile weight by gestational week. The study was completed and
published as an ATSDR report in August 1998.

The fetal deaths evaluation was abandoned because 1) the total number of fetal deaths identified
through the computerized state database was small (N=83), 2) the cause of death was missing for
most of the fetal deaths, and 3) a review of race-specific U.S. rates during the study period
showed that the number of observed fetal deaths in the computerized database was considerably
lower (between 40% and 50% fewer) than expected.

During the period January 1, 1968 through December 31, 1985, the study obtained electronic
birth certificate information for 12,493 live births born to women who resided in base family
housing at time of delivery. After exclusions for poor data quality, the analyses included 11,970
live births. The year 1968 was chosen as the starting point of the study because 1) that was the
year that North Carolina began computerizing some of the data items in its birth records, 2)
although ATSDR did not know when contamination began in the drinking water systems,
ATSDR was certain that it existed by 1968, and (3) the number of births during 1968-1985 was
large enough to achieve sufficient statistical power for the analyses of SGA and preterm birth.
Information from the birth certificate was used to determine birth weight and gestational age.
Birth certificates were linked to the base’s family housing records by mother’s address at
delivery and, in most cases, father’s name. The housing records contained dates of occupancy
and military pay grade for the family member assigned to the unit (i.e., the active duty person).
This information was used to estimate the dates during pregnancy when the mother resided in the
base housing unit.

The study estimated that mothers of 6,117 births resided at Tarawa Terrace for at least 1 week
before birth occurred. These births were considered exposed to PCE. Mothers of 31 births who
resided at the Hospital Point family housing area (served by the Hadnot Point system) for at least
one week before birth occurred were considered having “long-term” exposure to TCE. Mothers
of 141 births who resided in housing units supplied briefly in 1985 by the Hadnot Point system
when the Holcomb Boulevard system was down (due to a fuel pump failure) for at least one
week before birth occurred were considered having “short-term” exposure to TCE. Mothers of
5,681 births (nearly half of the total number of births on base during the study period) resided in
family housing units in the Holcomb Boulevard system service area from 1968 through
December 1984 and were considered unexposed to VOCs in drinking water.

The study found that “long-term” TCE exposure from Hadnot Point water was associated with an
elevated risk for SGA (OR=3.9, 90% CI: 1.1, 11.9) only among male infants (ATSDR 1998).
Exposure to PCE from Tarawa Terrace water was associated with elevated risk for SGA among
infants born to mothers aged >35 years (adjusted OR=2.1, 90% CI: 0.9, 4.9) and among mothers
with two or more previous fetal losses (adjusted OR=2.5, 90% CI: 1.5, 4.3) (Sonnenfeld et al.
2001). The following potential confounders and effect modifiers were included: sex of infant,
maternal and paternal ages, maternal race, maternal and paternal education, military pay grade,
maternal parity, adequacy of prenatal care, marital status, and year of birth.



Mothers of 5,681 births (nearly half of the total number of births on base during the study period)
resided in family housing units in the Holcomb Boulevard system service area from 1968
through December 1984 and were considered unexposed to VOCs in drinking water. At the time
the study was conducted, ATSDR did not know when the Holcomb Boulevard system went
online—it was assumed to be online by 1968. Information later obtained during the historical
exposure reconstruction of the Tarawa Terrace system indicated that the Holcomb plant came
online in June 1972. Before that date, this housing area was served with contaminated water
from Hadnot Point. In addition, contaminated water from the Hadnot Point system may have
resupplied the Holcomb Boulevard system during dry summer months when water from
Holcomb Boulevard was used to irrigate base golf courses. How frequently the interconnection
between these two systems was used for this purpose is currently unknown.

Because many of the births occurring to families living in the Holcomb Boulevard service area
were mistakenly considered unexposed, the SGA study will be reanalyzed using the information
and the monthly contaminant estimates from the Tarawa Terrace and Hadnot Point historical
exposure reconstructions. It is possible that the PCE findings may not change greatly after this
reanalysis. The original study did a separate analysis of PCE and SGA for 1982-1985, and the
results were similar to the results obtained for the entire study period. On the other hand, because
the number of births exposed to TCE will increase from 31 in the original study to over 1,000 for
the reanalysis, it is expected that substantially different results for TCE should be observed.

In addition, the original study did not have monthly estimates of contamination levels but simply
compared exposed to unexposed. Thus when monthly contamination levels are evaluated the
reanalysis may result in different findings for PCE and TCE.

Current ATSDR Epidemiological Study of Specific Birth Defects and Childhood
Leukemia/NHL

To evaluate birth defects and childhood cancers, ATSDR initiated a multi-step process. First, a
review of the scientific literature was conducted to narrow the focus of potential adverse
outcomes to study. Second, a telephone survey was conducted to identify potential cases of the
selected adverse childhood outcomes among the births occurring during 1968-1985 to mothers
residing at the base anytime during their pregnancy.

The next step was to use medical records to verify the diagnoses of the self-reported cases
ascertained by the survey. At the same time, the historical exposure reconstruction of the Tarawa
Terrace and Hadnot Point systems was being conducted.

The review of the toxicological and epidemiological literature (ATSDR 2005¢)—in particular
the few epidemiological studies of adverse reproductive outcomes and exposures to VOC-
contaminated drinking water— supported the evaluation of the following health outcomes in
children:

e neural tube defects or “NTD” (i.e., spina bifida excluding spina bifida occulta;
anencephaly; and encephalocele),

o oral cleft defects (i.e., cleft pal