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ABSTRACT

-The potential relationship between environmental exposure to volatile organic compounds
(VOCs) in drinking water and adverse pregnancy outcomes is one that warrants exploration. In
1995, data collection was begun for a retrospective cohort study of exposure to VOCs in
drinking water and a variety of adverse pregnancy outcomes at the U.S. Marine Corps Base at
Camp LeJeune, Onslow County, North Carolina. This interim report discusses the influence of ~
VOC-contaminated drinking water on mean birth weight (MBW) and the outcome small for -
gestational age (SGA) among residents of base family housing at Camp LeJeune. These study
results are based on analysis of live births to women résiding in base family housing when they™
delivered during the period January 1, 1968 through Decembér 31; 19857 bifth certificates werg
studied from 6,131 tetrachloroethylene-exposed women (PCE-exposed), 141 short-term
trichloroethylene-exposed women (TCE-exposed), 31 long-term TCE-exposed women and 3,681
unexposed women. The following potential confounders and effect modifiers were evaluated: sex
of infant, maternal and paternal age, maternal race, maternal and paterndl education, military
paygrade, maternal parity, adequacy of prenatal care, marital status, and year of birth. The .
influence of timing and duration of exposure on potential effects was also explored by linking
family base housing records to birth certificate data.

For most live births, including all births to women younger than 35 years of age with no »
prior fetal deaths, there was no association between PCE-contaminated drinking water and MBW ~
or SGA. For the group as a whole, infants whose mothers resided in PCE-exposed areas were -
an average of 24 grams (g) lighter at birth than infants whose mothers lived in unexposed .
housing. This difference was too small to be biologically meaningful. After controlling for-
potential confounders, the overall odds ratio (OR) for PCE and SGA was 1.2 (90% confidence-
interval [CI}: 1.0, 1.3). These results provide reasonable assurance that PCE-contaminated!
drinking water.did not affect the birth weight of infants of mothers who were younger than 35+
years of age and had no medical history of fetal death; this accounts for most base residentss
exposed to PCE.

Associations between PCE and the study outcomes were observed in two potentially~
susceptible subgroups: infants of mothers 35 years of age and older and infants whose motherss
had histories of fetal deaths. For older mothers, the adjusted difference in MBW between PCE—
exposed and unexposed births was -207 g (90% CI: -334, -79), and the adjusted odds ratio wass
3.9 90% CI: 1.6, 9.8) for PCE exposure and SGA. Among mothers with histories of feta¥
deaths, the difference in MBW between PCE-exposed and unexposed births was -51 g (50%-
CI: -97, -5), and the adjusted odds ratio for PCE and SGA was 1.6 (90% CI: 1.3, 2.1). Because=
associations in these subgroups were not anticipated, these results should be considered to bes
exploratory. They are, however, biologically plausible and deserving of followup.

The TCE-exposed groups were both very small. The difference in adjusted MBWY
between the long-term TCE-exposed group and the ufiexposed comparison group was -139 =
(90% CI: -277, -1); the odds ratio was 1.5 (90% CI: 0.5, 3.8) for SGA and this exposur&Eﬁi




T Tincrease was entirely attributable-to—differences-in-male—infants—within—the- %env—teﬁﬁ-il”-CE* 4
exposed group. Among males alone, the oddsratio for SGA was 3.9 (90% CI: 1.1, 11.9) and
the difference in MBW was -312 g (90% CI: -540, -85). The short-term TCE-exposed group
had a lower prevalence of SGA births and MBW was slightly higher overall in this group
compared with the unexposed group.

The finding and magnitude of reduced birth weight and increased SGA in males within
the long-term TCE-exposed group is potentially important. However, the sample size was small
and weakens the evidence for a causal association considerably. Although it is possible to
speculate on mechanisms by which such a sex-based difference might arise, this difference was
unexpected and -is not-explained by currently described mechanisms .of TCE toxicity: These
findings warrant followup in a larger TCE-exposed population. .

The followixig projects are ongoing and will be fepérted at a later date: analyses of
preterm delivery and fetal death, analysis of a study designed to assess the feasibility and utility

of reviewing medical records for this cohort, and an evaluation of the quality and completeness
of the study’s measures of duration of exposure.
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“'VOLATILE ORGANIC COMPOUNDS IN DRINKING WATER

AND-ADVERSE PREGNANCY- OUTEOMES o

INTRODUCTION

The Agency for Toxic Substances and Disease Registry (ATSDR) is an agency of the
Public Health Service. ATSDR has a broadly defined legislative mandate to prevent or mitigate
adverse human health effects and diminished quality of life resulting from exposure to hazardous
substances in the environment. Population-based research conducted to identify links between
exposures and specific adverse health effects is a necessary part of this mandate. One exposure-
disease :celatlonshlp that warrants further exploration is that between volatile organic compounds
6% OCs) in dnnkmcr water and adverse pregnancy outcomes. Adverse pregnancy outconies are
of particular concern to populations residing .on military bases because such populanons have a
hwh proportion of individuals of reproductive age, and are a priority for ATSDR. ¢

In 1995, data collection was begun for a retrospective cohort study of exposure to VOCs
in drinking water and a variety of adverse pregnancy outcomes at the U.S. Marine Corps Base
at Camp LeJeune, Onslow County, North Carolina. This interim report discusses the influence
of VOC-contammated drinking water on mean birth weight (MBW) and the outcome small for
gestational age (SGA) among residents of base family housing at Camp LeJeune; there is
documented past exposure to tetrachloroethylene (PCE), trichloroethylene (TCE), and 1,2-
dichloroethylene (1,2-DCE) in drinking water supplies at the base. Analyses of other _pregnancy
outcomes, such as preterm delivery and fetal death, exploratory analyses of birth defects and-
medical comphcaﬁons reported on birth certificates, results of the medical record pilot study,
and an evaluation of the data quality of housing records will be presented in a subsequent report.

OBJECTIVES

The primary objective of this project was to describe the association between VOC-
contaminated drinking water and mean birth weight (MBW) and the outcome small for
gestational age (SGA) among residents of base family housing at Camp LeJeune; there was
documented past exposure to tetrachloroethylene (PCE), trichioroethylene (TCE), and 1,2-
dichloroethylene {(1,2-DCE) in drinking water supplies at the base. A secondary objective was
to explore the influence of ummc and duration of exposure on assoc1anons between exposure
and outcome. :

BACKGROUND
Environmental exposure to hazardous substances and the adverse health effects that result

are a public health issue that is growing in importance. In 1981, the U.S. Environmental
Protection Agency (EPA) esumated that 264 million metric tons of hazardous wastes were
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produced By 1988 thlS ﬁgure had risen t6°5.5 “billion {7): o 1990;-an -estimated 4.million ... .. .. =

people in the United States lived within 1 mile of one or rhore oFthe 1135 hazardous-waste sites

thén on the National Prieries-List{NPE) 17)-Today;-there-are-more than 1,400 sites on the

NPL (2). These sites represent a small fraction of the estimated 439 000 hazardous wiste sites
that might be present in the United States (I). There are no reliable estimates of the number of
people actually exposed to toxic substances ejther at NPL sites or at hazardous waste sites in-
general.

_ ATSDR is required by law to‘conduct a public health assessment at each of the sites on
the NPL. The aim of each assessment is to determine whether the population residing around |
a particular site might have been exposed to-any toxic substances and also to assess whether any
adverse health effects have resulted from the exposure. Known health effects are documented
in these 4Ssessmeits and public-health recommendations are made accordingly. Potential health
effects are also identified and referzed to ATSDR scientists for additienal mvestigation. As’ part’ "
of the public health assessment process at Camp LeJeune, exposure to TCE, PCE, and 1, 2-DCE
was documented in two sources of drinking water at the base over a period of 34 months.
Included in the populanon that used this water were slightly more than half of all residents in
family base housing. Residents of base family housing are almost always married and nove
frequently. It is. believed that few residents would have experienced more than a few years of
exposure. For women of reproducuve age, or women who were pregnant during their residence
on base, a few years counld amount to-2 sigrificant exposure. Hence, concern was expressed
about the potential health effects on fetuses exposed to toxic substances in utero.

SITE DESCRIPTION AND EXPOSURE HISTORY

Camp LeJeune is a military base that compnses approximately 233 square miles in
Onslow County on the coast of North Carolina. It is one of 123 federal facilities. on the NPL -
because of the presence of contaminants in the environment originating at the facility. The base
consists of six Marine Corps commands and two Navy commands. Almost 130,000 people have
access to the base. The population includes active military personnel (43,000) and their
dependents (52,000). Base housing for enlisted personnel, officers, and their families is located
in 15 different areas on the base. An average of 8.3 million gallons of water is distributed daily
at Camp LeJeune. More than 100 wells have been drilled to supply. this water. Almost all of
these wells use a tertiary sand aqu1fer that 1S permeable to contamination. '

The first VOC contamination at Camp LeJeune was detected in dnnlono water in Apnl
1982. This coincided with a change in the laboratory that conducted routine water quality
testing, and was unhkely to have been related to the onset of first exposure. On the basis of
anomalous readings in the April samples, water samples were collected in May and July and
analyzed for a limited number of VOCs. PCE and TCE were found in two drinking water
systems: the Tarawa Terrace system and the Hadnot Point system. However, the source of the
contamination was not identified. Although the base contacted the state for advice, no further
acnon was taken because there wére no water quality standards for the-detected VOCs in 1982.
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[ — T July 1984, Camp LeJeune began sampling ‘wells-in -the Hadnot Point area as “ppart- mf """ R

the base Superfund program. Seven contarinated wells weré closed in November and Déc=éinbest
~—--—31984. Tapwater samplin, g-conducted_mDccembemfterlh&closumnﬂhesesewn wells sThowe=d

no additional evidence of contamination. However, on January 27, 1985, a fuel pump br-oke =at
the Holcomb Boulevard water system. Water from Hadnot Point was supplied to the Hoolcormb
Boulevard service area while repairs were conducted at Holcomb Boulevard. Tap water saamples
taken from buildings temporarily supplied by Hadnot Point contained high levels of TCEZ. Thiis
prompted additional samphng of tap and finished water for VOCs at Hadnot Point and T arawwva
Terrace. Contaminated wells in both water systems were closed soon after they were idezntifie=d
in January and February 1985, and a routine sampling program was 1mplemented at all
distribution systems on the base Notable contaminafion has not been detected in Camup
LeJeune’s drinking water systems since February 1985.

The Hadnot Point system has been primarily for mdustnal purposes but the Hoospitzal
Point housing area also receives water from the Hadnot Point system. This small housin_g are=a
was populated by hospital personnel and their families until 1983 when the area became heousinag
for a more diverse group of officers’ families. It is not known when the Hadnot Point =supplly
wells first became contaminated, but VOCs were present for at least two and a half yearss.
Industrial activity on the base began in the 1940s. No records indicate when the variouss VO+C
plumes now contaminating supply wells in the Hadnot Point System may have origi natecd.
However, the contaminated supply wells were shut down in 1984 and 1985. A chronolcovy of -
these events is included in Table 1. '

At Tarawa Terrace, the highest concentrations of contaminants measured in tap watesr
samples were 215 parts per billion (ppb) PCE, 8 ppb TCE, and 12 ppb .1,2-DCE.. Th3is
distribution system continued to Serve base family housing until 1986. The highest contarminarnt
levels taken from tap water samples at Fladnot Point were 1400 ppb TCE and 407 ppb 1 2—DC‘E -

.- Contamination at Tarawa Terrace is thought to have occurred considerably before it waas
first documented in 1982. The source of the PCE at Tarawa Terrace was the ABC One=-Hoiir
Cleaners (ABC), a dry-cleaning establishment near Tarawa Terrace (3). PCE leaked inato thae
groundwater from ABC’s septic system. According to EPA records, ABC’s septic systemmn wzas
in operation from 1954 through 1985. In 1958, the base dug a supply well for the T araw~a
Terrace system approximately 900 feet from the drycleaners. Because this supply well wwvas sso
close to the contaminated septic system, because there were few changes in the dry-cleeanimag
operation after 1960 (4}, and because of the very permeable aquifer at Camp LeJeune=, it Zis
likely that the Tarawa Terrace well was contaminated soon after it was built, and that Bhumaan
exposure to PCE and other contaminants throut’h this well could have occurred for as leong =as
27 years.

A list of the housing areas that received contaminated water, a list of contaminant¥s, aond
contaminant levels are summarized in Table 2. Each of the affected housing areas receivedi watesr
containing a mixture of many contaminants, a phenomenon common to almost every popilaticon -
exposed to contaminants released from hazardous waste sites. For the sake of simplicityf, eacch
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group of exposed housmg aieas is referred to by the prcdommant—centammam e nIXInre

Residents of Tarawa Terrace are referred to asthe PCE-exposed group and residents of Hospital

' Point are referred to as the long-term TCE-exposed group. The short-term TCE—exposed group

refers to residents of Berkeley Manor, Midway Park, Paradise Point, and Watkins Village during
the 12-day period from January 27, 1985, through February 7, 1985, when these residents
received water from the same supply as Hospital Point residents.

The exposure data, summarized in Tables 3 and 4, are limited. Samples were collected- -

at three different points in time. However, the May 1932 samples were.preserved for several
months before they were analyzed, which might have decreased the concentration of VOCs
observed in the analysis. Moreover, the 1985 sampling at Hadnot Point was conducted after

seven of Cl"ht contaminated wells were closed. Hence, before 1985 contamination levels in the .

Hadnot Point distribution system would be expected to have been higher than the concentrations
measured in 1985. In addition, one supply well for the Hadnot Point distribution system
contained concentrations of benzene as high as 700 ppb. Because the 1982 analyses were limited
to TCE and PCE, and because the well containing benzene was. shutoff before the distribution
system was sampled again, bénzene was never detected in Hadnot Point tap water. Nonetheless,
low-level exposure estimated at around 35 ppb would have been expected among women
receiving Hadnot Point water before December 1984, '

An important feature of the eéxposure-at Camp Lefeune was its intermittent nature. Each
of the contaminated systems had more wells than were necessary to supply water or any given
day. Contaminant levels vared with the supply wells in_service. The process by which a
particular well was selected for-use on any.- given day was. essentially. random, but all wells were
assumed to have been used in any given month unless they were taken out of service for
mechanical failure or contamination. Daily or monthly well usage logs were not available to
evaluate this assumption. Despite these vaziations, on any given day, the concentrations 0f VOCs
were likely to have been distributed fairly uniformly to all residential units because the water
from all wells was mixed before its treatment and distribution. The simiarity in concentrahons
can be observed in the data from several different buildings where tap water was sampiled on
January 31, 1985 (Table 4). : :

HUMAN HEALTH EFFECTS OF CONCERN.

Experience with environmental and pharmacologic agents has shown that human gestation™ "+’

is a fime of great vulnerability. Environmental exposure to mercury has been shown to cause
adverse effects in uzero even when the pregnant woman remains unaffected {5). Of the many
possible pregnancy outcomes that might be studied, SGA and MBW are two related
outcomes {6). These outcomes are important because of their contribution to perinatal and
infant mortality. Moreover, they are among the most practical outcomes to study near hazardous
waste sites because they are common, well-ascertained, reported in a standardized fashion on
birth records, and computerized (7). Birth records also include information on
residence. These practical aspects of the study outcomes are quite importantinan eXposure
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h settmg 'sich as that at Camp T éJeune: exposure cedséd dlmost 10 years before the study and

,mox_OL_m:;_s)spugm_pypmauun “had IUQXS.‘«(J u;mug LL!CleJLUI VSUJ-US_}J.FHQU IR L Wi o el S iR e e e o

SGA and preterm delivery are separate entities with distinct pathogeneses that are
commonly grouped together and measured as low birth weight. In 1989, 7.0% of infTants were
designated as low birth weight, weighing less than 2500 grams {(g) at birth (8). I_ow birth-
weight is the third most important predictor of infant mortality in the United States anci the most
important predictor of infant mortality among blacks in the United States (9). In 1980, the risk
of infant mortality for singleton, very low birth weight infants (weighing under 1,500 g at birth)
was 94 times higher than for infants of normal birth weight (more than 2,500 g at blrth) (10).
Low birth weight and very low birth weight infants are also at greater risk ©Of having
neurodevelopmental handicaps such as cerebral palsy and seizure disorders, developIng lower
respiratory tract conditions, and experiencing complications from neonatal care (11).

Distinguishing between SGA and preterm infantsis often difficult because the gwrowth and
maturity of an infant is highly dependent on its gestational age. Infants who are b-om small
because they are bomn before 37 weeks completed gestation are considered to be preterra. Infants
who have sufficient time to grow and mature, but are nonetheless small, are also =often less
viable because of intrauterine processes that have delayed their growth. In general , whether -
preterm or full-term, growth-retarded infants are at-greater risk of antenatal and- neonatal .
mortality than infants whose weights fall within the average range for their gestational age
(12,13). SGA infants are within the bottom tenth percentile of the birth weight dEstribution
at any given gestational age. As with any population-based measure, some SGA imfants are
simply substantially smaller than average, but many are growth retarded. Currently, SSGA is the
only marker for intrauterine vrowth retardation that is readily available for populamon—based
studies.

* As reported by Kline et al. {12), biological factors reducing growth include= matemal_
parity, young maternal age, low maternal pre-pregnant weight, insufficient maternal w=eight gain
during pregnancy, and anoxia resulting from cigarette smoking and altitude. Maternal medical
complications such as hypertension can also produce anexic conditions resulting in SGGA infants
(14). Plurality and gender also influence birth weight. Important social determinants of SGA
in the United States are maternal race, education, socioeconomic status, and adequacy of prenatal
care. ‘

TOXICOLOGIC LITERATURE

Whether PCE, TCE, and 1,2-DCE affect birth weight in the offspring of exposesd women
is not known. In a study conducted by Schwetz et al. (15}, pregnant mice exposed to= 300 ppm
PCE delivered litters that were on average 9% lighter at birth and twice as likely to have
subcutaneous edema than unexposed mice. A statistically significant increase in the raumber of
litters with delayed ossification of skull bones was also observed. There was a 60% imcrease in
the number”of mice that were runts (defined as weighing less than three standard «deviations
below average) among exposed litters, but this was not statistically significant. Fetal rags exposed
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to the same reglmen ‘did not experience lower birth we1ghts Or .excessive. delays in- essaﬁcation
T HOWEVEL;" reater-proportion of fetal resorptions in exposed rats than in nnexposed

rats. This effect was not observed in mice. Maternal tox1c1ry Tesulting frgm PCE eXposure-was== - -
manifested by decreased maternal weight gain and increased maternal liver weight in rats and
mice, respectively. However, it seems unlikely that the developmental effects of PCE were the
result of maternal toxicity because rodents exposed to other solvents in the study experienced
similar maternal toxicity but their litters were unaffected. ‘

TCE has not been associated with decreased birth weight except in cases of severe
maternal toxicity. However, behavioral effects and cardiac birth defects have been noted in - ..
rodents exposed to TCE (15-18).

The tomcologm hterature on the late xeproductlve effects of 1,2-DCE consists of 2'single .
study (19,20). This study revealed maternotoxic effects at 1/6 of the levels required to detect
fetotoxic effects (19), suggesting that the fetal rat is not particularly sensitive to 1,2-DCE.

Toxicological studies are useful in generating hypotheses regarding the developmental
hazards of specific contaminants. However, using toxicological studies to assess hazards in
humans is comphcated by the need to extrapolate from animal species to humans and from the
high doses used in laboratory experiments to the low doses generally experienced from
environmental exposures. In addition, laboratory studies do not adequately capture the complex
personal and envuonmental context m which human e‘tposures to VOCs occur (21).

EPIDEMIOLOGIC LITERATURE

Several studies have examined SGA or decreased MBW and occupations in which women
might have been exposed to VOCs (22-32). However, few of these studies have examined
exposure to specific chemicals or chemical classes. Two studies of maternal occupational
exposure 0 solvents {24} and-degreasing agents (28) noted small decreases in birth weight (-41
g + 124 and -16 g + 75, 1espectively), but neither approached statistical significance. A small
case-control study.(26 cases) of birth outcomes among female workers in Sweden, leand and -
Norway, found no association between low buth weight (defined as <1,500 &), conoemtal ‘
malformations, or stilibirths and working in the dry-cleaning or laundry mdustry {33). However,

- in addition to studying a very small number of cases, these authors combined all three outcomes -
into a single case~definition; because stillbirths and low birth weight are both cenerally assumed -
to be late pregnancy events, while congenital malformations are formed eaﬂy in pregnancy, this
grouping is especially inappropriate. Two studies attempted to examine associations between ™
SGA and occupational exposure to specific chemical classes: Savitz et al. (30) noted no
association between the halogenated hydrocarbons and SGA (OR 0.6{95% CL 0.2, 1.4]) and

- Windham et al. (31) noted no association between SGA and maternal exposure to halocenated
solvents in the first 20 weeks of pregnancy (OR: 1.1.[95% CI: 0.4, 2.9]). However, fetal
growth is generally thought to be most vulnerablé to environmental insulis in the third trimester -
of pregnancy. Therefore, the Windham study might have been insensitive to late nancy

: effects such as SGA. _ : - Cp QW
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Limitations common to many of these occupational studies included indirect assignment

O exposure -based=-op=job=titie=rather-than-on--measunng €xposure in-{he work-place; small -

numbers in specific exposure categories, and differential participation and recall by underlying
maternal risk. In addition, because exposure to many different substances occurs in the same
workplace (34), the relevant hazards could be difficult to identify. Many of these factors are
more likely to prevent the observation of real health hazards than to introduce -spurious
associations where none ex15t however, spurious assoc1at10ns could be introduced by differential
participation or Iecall

Compared with occupational, settings, environmental exposures to toxic substances occur
at Jower concentrafions. Moreover, -environmental exposures often occur through contaminated
dririking water, ‘while occupational exposures usually occur through inhalation or skin contact,
Environmental exposures are not limited to the 40-hour work week. In addition; environmental
exposures can occur in populations mot represented in the work force, such as women who
cannot find work, women who stopped working after previous children were born, and those
without economic incentive to work (35). Therefore, one can make only limited
generalizations about-populations exposured to environmental contammants from studying
occupa&onal populaﬁons :

* The earliest suggestion of a relationship between environmental exposure to VOCs and"
decreased birth weight in humans was reported at Love Canal, a‘former dump site where 248
different chemicals were identified, in Niagara Falls, New York. The prevalence of low birth
weight was elevated in two different studies of area residents (36,37). Home ownership
among white residents of Love Canal, where contaminants seeped into the basements of several -
homes was associated with a 60% increase in low birth weight compared with the rate of low
birth welght in white residents of upstate New York (OR: 1.6 [95% CIL 1.0, 2.3]). The low
birth weight rate observed in Love Canal homeowners was also higher than the low birth weight
rate observed in homeowners in neighboring areas of Niagara Falls {OR: 3.1 {95% CI: 1.3,
7.13). However, no increase in low. birth weight (OR: 1.1 [95% CI: 0.5, 2.3]) was observed in
renters at Love Canal when compared with low birth weight rates in renters in neighboring
areas.

More recently, -an increased prevalence of term low birth weight (a correlate of SGA)
was found in residents living near Lipérl Landfill in Gloucester County, New Jersey. During the
years when odors were greatest at the site, the odds ratio and 90% confidence interval were 5.1
and 2.5-10.6, respectively (38). Moreover, a strong correlation was observed between 3-year
weighted averages of'excess term low birth weight around the landfill and the timing of dumping
and ‘odors throughout the 25-year study period. A cohort study conducted near the Stringfellow
hazardous waste site in Riverside County, California (39), and an ecologic study conducted
of hazardous waste sites in five counties in the San Francisco. Bay area, California (40),
reported no association between proximity to hazardous waste site and low birth “weight
(OR: 0.9 [95% CI: 0.3-2.7]) or MBW (-.6 g £12.3). o 'CLW
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5A), had methodologic limitations. At Love Canal, families living closest to the site were
relocated before the study was conducted ‘(36). The remaining families were evacuated
selectwely, beginning with families with pregnant women and young children (36,41). Hence,
selective migration could have introduced bias into the association between exposure and
outcome. Selective migration is likely to be a problem at other hazardous waste sites as well,

‘especially when strong odors reduce the quality of life in a neighborhood. In these situations,

it might be expected that those with the highest incomes (who would be at the lowest risk (10))
and those who were most sensmve to the exposures would be the most likely to leave. It is not
sensible to predict how selective mlgranon might operate at hazardous waste sites in general.

Each of the stud1es of bmh WCl"ht amund‘hazardous—wasteﬂles:(snmr,u_agzed—m ’Itl'ad:’leaﬁ\_ﬁm~

However, in the case of Love Canal, it seems Iikely that bids would have been towards the null

because the women who were most likely to have been exposed had already been evacuated and
therefore were not included in the study.

The conﬂanon of the outcomes preterm dehvery and SGA in all but two of the studies -

likely reduced observed effect measures. Failure to account for such etiologic heterogeneity has
been discussed in detail elsewhere (42). The study conducted at the Lipari Landfill, in
Gloucester ‘County, New Jersey, demonstrates this issue clearly; the association cbserved
between ‘residence near Lipari Landfill and term low birth weight was stronger than the
association observed between residence near Lipari landfill and low birth weight amonv term and
pre-term mfants combmed {38). :

Small numbers were, 2lso a problem, hmmno the precision of the observed effect

estimates. However, in most cases it would not have been-appropriate to increase the sample size

becanse that would have created 2 more heterogeneous exposure and diluted the observed
association between exposure.and outcome. Control for most major isk factors was addressed
in the studies summarized in Table SA, except for smoking, which was not measured in the San
Francisco, California (40), or Gloucester County, New Jersey, studies (38). However both the
San Francisco and Gloucester County studies controlled for demographic variables that would
have minimized bias related to smoking. '

The most important hrmtatmn of the ‘studies summarized in Table S5A was.

misclassification of exposure. In all of the studies, proximity to site was the primary method of
exposure classification. There was some evidence of exposure 0 VOCs based on reports of
odors and; at Liove Canal and Lipari, very limited air measurements were taken. However,
overall, it was difficult to determine if the populations in the studies were exposed, as well as
to which substances and at what concentrations. Because both the probability of cxposure and
the chemical mixture at each site.was different, it would have been difficult to evaluate the
hypothesis  that hazardous waste reduces birth weight on the basis of consistency across these
studies. However, in general, it seems. reasonablé to irifer that, at some. sites, env:ronmental

_exposure to some compounds or combinations of compounds found at hazardous waste sites

might decrease birth weight. -

CLW
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~“Studies of populations consuming contaminated-drinking water; zithough-still imprecise;
: are a substantial improvement -ovér ' studies-based -on proximity to site. Even -when there are
- =o—-—limited-exposure-data-and-multiple-contaminants-in-the-same-system,-drinking. water Studies ..
provide a well-defined route of exposure along the water distribution system, leaving less guess
work as to whether there is an exposed population, how large it is, what chemicals are present,

and at what concentrations exposures are occurring or have occurred in the past. Moreover,

exposure is defined in a manner that can be directly compared to other studies. Only three

analytic studies have investigated the relationship between TCE, PCE, or DCE in drinking water

and late pregnancy outcomes (43-45). As shown in Tzble 5B, contaminant levels measured

in the studies were comparable to or lower than those observed at Camp LeJeune (43-45).

Two studies were conducted in Woburn, Massachusetts, where two town wells were
found to be contaminated with TCE, PCE, and chloroform. In the first of the Wobum studies
(43), self-reported outcomes were examined for 4,396 pregnancies between 1960 and 1982. An
important feature of the study is that the investigators characterized exposure using information
about the municipal use of supply wells in different areas of Woburn. No association was noted
between exposure to contaminated well water and low birth weight, but birth weight was not
adjusted for gestational age. Moreover, low birth weight was reported by each mother and a
non-standard definition of low birth weight was used. Other limitations of the study included the
sample selection process, which was based upon residence in Wobum at the time the study
began. Although the selection process was convenient, as discussed previously, it might have
introduced selection bias.

The second study conducted at Woburn addressed a number of the methodologic
limitations raised in the first study by examining birth weight based on birth certificates for
Woburn residents during the time of exposure {44). The most relevant comparisons made in this
study of SGA were the comparisons made between live births to residents of East Woburm
exposed to high or moderate levels of contaminants during the period 1975 through 1979 and
live births to East Woburn residents who were not exposed to contaminants. For the
approximately 3,000 live births studied in these comparisons, SGA was not elevated in infants
who were highly exposed in utero (OR: 1.1 95% CI:0.5-2.4) or moderately exposed (OR: 0.7
95% CI: 0.4-1.4) when exposure was classified based on the experience of the entire pregnancy.
However, when the exposure classification was restricted to the third trimester, the odds ratios
were 1.6 (95% CI: 0.9-2.8) and 1.3 (95% CI: 0.8-2.1) for highly and moderately exposed
births, respectively. Despite the authors conclusions that the study "was unable to detect an
adverse effect of exposure to Wells G and H on the reproductive health of exposed subgroups
of Wobuin residents," the specificity of these findings, that is, increasing odds ratios with more
refined classification of exposure and outcome provides some evidence for a causal association
between TCE exposure and SGA.

CLw
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The relannshlp between'exposure”to TCE “PCE aid DCELint dnnlong -water and 14

pregnancy ‘Giitéonies was-alse-examined- reetal e state of New J ersey

Birth certificates and fetal death cemﬁcates were the-source populatlon ot “the- investigation:
Exposure was assigned based on semi-annual, quarterly, .or monthly monitoring of dnnlcng
water. Matemnal residence indicated on the birth certificate was used to assign exposure and was
assumed to be the residence throughout pregnancy. Although no associations were found between
TCE, PCE, and DCE exposure and SGA, the median exposures studied were 200 to 1,000 times
lower than the exposures examined in-this smdy

Overall, direct ewdence of the potential re}atmnshlp between PCE, TCE, and 1,2-DCE

exposuze and SGA and MBW is extremely limited. A few important results suggest that -
environmental exposure to VOCs can cause adverse: late pregnancy outcomes, but the Literature -
is very small.and: equivocal. Matérnal occupational exposure to solvents and other VOCs has 3.
‘been associated with decreases in birth welght (29). However, -two occupational studies that

looked specifically at halogenated hydrocarbons reported no association between these exposures
and birth weight (30,31). Low birth weight has also been associated with residence near two

different hazardous waste sites containing large quanut:es of VOCs and other chemicals (36-38),.

but the exposures were too poorly defined and too complex to permit generalizations from these
hazardous waste, sites to others. Only one study, in Woburn, Massachusetts, examined the
relationship between SGA and a chemical exposure at concentrations similar to those at Camp
IeJeune. That study found a moderate excess rate of SGA when exposure was classified
accordmv to. the third trimester expenence but it was based on small numbers.

In addmon to thlS dsrect albieit limited, evidence supporting the hypothesm that one or
more of the solvents studied are associated with adverse late pregnancy outcome, two studies

have noted -associations between term low“birth weight and SGA -and exposure fo carbon

tetrachloride (45) and trihalomethanes (THMs) including chlorinated compounds of similar
chemical structure (45,46). There are also suggesuons that occupational or environmental
exposures ‘to solvents in general, and 10 TCE or PCE in particular; can cause other adverse
pregnancy outcomes such as stzllb1rths spontaneous abortion, cardiac anomalies, oral clefts, and
neural tube defects (31,43, 45 47- 49) A comprehenswe revmw of this larger literature is beyend
the scope of this report.

Fmally, there is ev1dence to support an association between solvent exposure and
maternal ‘complications .of pregnancy. In 3 small prospechve study.-of women occupationaily
exposed to solvents, Eskenazi et al. (24) founid increased rates of pre-eclampsia (OR: 3. 9 [2.4-
5.47) and hypertension (OR: 3.0 {0.9-9.9]). Moreover, these complications were restricted: fo
women who worked through their second trimester of pregnancy. In a very small, nested case-
control study of 130 pregnant residents of an industrial area of Bulgaria, Tabacova et al. {50)
found substantially increased odds of exposure to styrene among pregnant women with anemia
(OR: 2.4 [0.5-13.8]), proteinuria (OR: 7.4 [1.7-37.2]), hyperemesis (OR: 13.1 [1.4-165. 9]),

Both 1,1-DCE and 1,2-DCE were included in—the same exposure categor_s@%ﬂw
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arterial hypertension (26.4 [2.2-1266.8]), a5id nephropathy (30.8 [2.6-1448.0]). However. ds can

“be-assumed -from the~wide range in confidence intervals?; this~study was extreemely -small; ————————
Although the literature tying VOC exposure to medical complications of pregmancy is only

sugge§ﬁve, it provides a biologically plausible mechanism through which exposmure to VOCs

might influence fetal growth.

In summary, the existing literature on the relationship between exposure to organic
solvents such as PCE, TCE, and 1,2-DCE in drinking water and late pregnancy- outcomes is
quite sparse. Given the level of public concern about toxic substances, and the frequency with
which PCE, TCE, and 1,2-DCE occur in the environment, there are too miany indirect
suggestions to ignore. However, the potential relationship has not been looked at sy’stematically.
Only three studies have directly examined the relationship between PCE, TCE,.ox 1,2-DCE in
drinking water and late adverse pregnancy outcomes. Only two of those studies, beoth analyzing
data from the same city, investigated exposures of concentrations similar to the exposures at
Camp LeJeune. Almost any well-designed study on this- subject would be usefud. This study
should add to the existing body of knowledge, providing more information on a £opic of great
public health concern.

METHODS

RATIONALE AND HYPOTHESES

Drinking water at Camp LeJeune was recently found to be contaminated with VOCs.
Because a sizeable population of young married women was exposed, concern ha_s been raised
about adverse pregnancy outcomes. The health significance of VOC contamination in drinking
water is of particular interest at Camp LeJeune because the base’s aquifer is quite p-ermeable and
therefore vulnerable to future contamination. An association between VOC -contaminated
drinking water and adverse pregnancy outcomes is plausible, but further study is necessary to
fill in the many data gaps in the existing literature. This cohort study examined the relationship
between VOC exposure and SGA and MBW in three groups with different exposures to
contaminated drinking water and in an unexposed comparison population. Ehese related
outcomes are markers of delayed fetal growth; both can be studied even in an extremely mobile
population of moderate size,

The primary objective of this interim report is to evaluate the hypothesis that maternal
residence in each of the exposed housing areas was associated with SGA, decrea sed MBW or
both. :

*0Odds ratios were not reported by the authors in the study. For the plirposes of this
discussion, odds ratios and exact confidence limits were computed using Epi Info. For
computational purposes, one count was added to each cell for arterial hypertension and
nephropathy because there were no unexposed cases in either of the groups. CLW
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The pnmary source of data was. “birth Corticates fled with the R Caroima el
Statistics office. For each of the three categories of exposed births defined previously, MBW and
prevalence of SGA among singleton live births were compared with MBW and prevalence of
SGA in unexposed births. In addition, the effects of timing and duration of exposure were
examined by linking data from family base housing with the birth certificate data.

STUDY POPULATION

The study populﬁtion consisted ofall singleton live births of 20 weeks or more completed ...
gestation that were delivered from January 1, 1968, through December 31 1985 to famlhes e
~ residing in base family housing at Camp LeJeune,

Approximately one-third of women who seek prenatal care at the Navy Regional Medical
Center (NRMC) at Camp LeJeune move or are transferred before they can deliver (personal
communication: Commander James McGinnis, Camp LelJeune). These individuals could not be
identified, but there was no reason to believe that their exclusion would introduce selection bias
because rates of mobility would not be expected to be associated either with being exposed to
VOCs or with having an adverse pregnancy outcome.

Noirth Carolina Vital Statistics Data Files

The state of North Carolina has maintained computerized databases of all live births and
fetal deaths of more than 20 weeks gestation since 1968. Two versions of the birth certificate
have been used during the period from 1968 through 1985, and three versions of the database
file format have been used. The smallest recognizable unit for which birth records can be
selected from these data files or hard copies is the county of residence; information on mother’s
zip code and residence on base was not available for any of the years under study. Therefore,
eligible births were identified by searching all records for Onslow County residents for the time
period of interest. For the years 1975 through 1985, this search was conducted on computerized
records for eligible street addresses. For the years 1968 through 1974, the mother’s street
address and city of residence were not computenzed In addition, other critically important fields
such as exact birth weight in pounds and ounces were included on the hard-copy certificate, but -
not in the computerized file. Theréefore, hard copies of records for Onslow County residents .
were searched by hand for addresses with eligible street names. The relevant data for each
record containing an eligible street name was then entered into a database using a 100% re-key
procedure. Some of the housmg units on eligible streets were not, in fact, eligible. For example,
units 2000 through 2999 Onslow Drive are base family housing units, but housing units on
Onslow Drive with numbers of 3,000 or higher are privately owned. Requiring data entry
personnel to look for a unique combination of street unit number and name before determining
eligibility might result in the exclusion of eligible births. Therefore, after addresses for all
eligible street names were computerized, a second electronic search was completed to remove
:_addresses with an eligible street name, but an ineligible housing unit number CLW
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_ Base Famzly Houszng Records

Por each base famﬂy housmg umt Camp Le]eune mamtams the followmc records «onan
index card: (1) the first and last names and middle initial of the active duty person to whoxm the
housing unit is assigned; (2) the rank (such as seaman first class, captain, etc.) of thee persson to
whom the housing unit is assigned; and (3) the first and last dates of occupancy by the =active
duty person to whom the unit is assigned. For purposes of this study, approximately 838,000
names and addresses were entered into a database from the housing cards with 1.0% :zzekey
verification. Birth certificate data were then matched to housing record data on the b asis oof the
address listed on the birth certificate and the name of the father. For a match to be econsi-dered
acceptable, the birth date was required to be during the penod between the ﬁrst andl last dates
of occupancy. Because it was possible that the father’s name was. spelled shohtly dlfferemtly in
the birth and housing records, when no match was found for a partlcular birth cextificsate, a
manual search was conducted comparing the father’s last name from' the’ bxrth ceinf czate to
alphabetized lists of names from the housing record. When the father’s name did” not wmatch
either by a computerized or 2 hand search, then a match was attempted on ‘the moth-er’s rname.
For the few parents who were dependents, matches were made by, address and last n=ame »of the
father or the maiden name. of the mother, and a notation ‘was made that the pazents ‘were
dependents in another household.

DEFINITION OF DISEASE

The outcomes MBW and SGA were studied. Birth welcht in pounds and ouncess was
obtained from the birth certificate and converted to weight in grams. SGA was definecd as a
singleton live birth weighing less than the 10th percentile based on pubhshed sex-spec:ﬁc g:rowth
curves. The standard published by Williams et al. (51) for whites ini the state of * Cali-fornia
was selected because it (1) was derived from birth certificates; (2) was based on a large group .
of live births occurring during the mid-years of the study period; (3) was pubXishecd in a
reputable Joumal and in an easily read format; and (4) categorized a_pproxxmately 10% -of the
unexposed populaﬁon as SGA. No other pubhshed standard met these cntena

Although the standard pubhshed by Williams was for Wmte infants only, in this ~study,
the Williams standard was applied to whité infants as well as to Afncan—Amencan infanats ‘and
to mfants of other races. This standard was used for non-whlte ‘births because bette pubolished
standard was not available. I—Iowever, some of the data were reanalyzed using an umpubﬁzshed
race—spec1ﬁc standard developed by the state of New Jersey for white and Afncan-Am_nencan'
births occurring during the years. 19385 through 1988. Because there was essentidlly no diffeerence
in the associations observed using the New Jersey race-spemﬁc standard and the @ssocTiations
observed using the Williams standard, only results based on the Williams standard are pressented.
Nevertheless, the New Jersey standard provided reassurance that the data on Africar-Amaserican
births were analyzed in a reasonable manner.

, Gestauonal age was calculated based on the last menstrual period (_MPX. For
observahons with a valid month and year of LMP, but a missing’ day, the day was lnteg\olw
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to the value of 15. LMPs with a valid month and day but no year were assaoned tothe year that
would yield the most biologicaily plausible gestational age. LMPs for which the month of the
last period was not reported were excluded. The effects of missing gestational age were explored
by companno birth weight distributions and demographic information between births with
missing gestational age data and births for Wthh gestational age data were available.

DEFINITION OF EXPOSURE

Infants identified from birth certificates were divided into three distinct exposed groups
(summarized in Table 2). These groups were (1) PCE-exposed; (2) long-term TCE-exposed; and *
(3) short-ferm TCE-exposed. The mothers of PCE-exposed infants resided at Tarawa Terrace -~
for at least one week before the birth occurred. Mothers of long-term TCE-exposed infants™”
resided at Hospital Point for at least one week before the children were bomn, between the years
1968 and 1985. The housing units that were supplied with TCE on a short-term basis were
Berkeley Manor, Midway Park, Paradise Point, and Watkins Village. Requirements-for inclusion
of births in the short-term TCE-exposed group were these: (1) the mother resided in Berkeley
Manor, Midway Park, Paradise Point, or Watkins Village at the time of her child’s birth and
for a minimum of 1 week between January 27 and February 7 1985; (2) the mother’s last
menstrual period was on or before January 31, 1985; and (3) the birth date was after February
2, 1985. These dates were selected to ensure a minimum of 1 week of exposure to TCE during
pregnancy. Infants born to the remaining residents of base family housing during the specified
period were considered unexposed. This group consisted of all residents of the Marine Corps .
Air Station, Rifle Range, and Courthouse Bay housing areas, as well as residents of Berkeley
Manor, Midway Park, Paradise Pomt and Wat}qns Village who were not in the short-term TCE-
exposed group. _

LR

 Several groups of residents whose status regarding exposure to PCE or TCE on a short-
term basis was not known were excluded from the stiudy. These residents included infants whose
fathers experienced short-term exposure during spermatogenesis (based on mother’s LMP), -
infants whose mothers resided in any of the exposed housing areas for less than 1 week while
pregnant, and infants.whose parents first moved into Berkeley Manor, Midway Park, Paradise
Point, or Watkins Village between February 8, 1985, and February 21, 1985. Although all of =
the contaminated wells were closed on or before February 7, 1985, the first documentation that ™ -
water - samples were entuely free of contamination was on February 21, 1985.- Therefore,
residents who did not experience exposure during a known period of contamination but who
lived in the affected housing units during this ambiguous exposure period were excluded.

ANALYSES

Separate. analyses were conducted for each of the ‘six exposure-outcome ‘combinations -
defined previously. For SGA, odds ratios were computed relating exposure to outcome {52)
MBW was computed using the SAS software packaoe “The main criteria for ider
elevations in SGA and decreases in MBW were the size and the plausibility of the assoctation.
The degree of variability in the data was examined by computing 90% coﬁerﬁeﬁnﬁnﬂlﬁ 72 G
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(CIs)..90% Cls also correspond to one-tailed t—stahshcs with an alpha of .05. One-tazled tests

were appropriate because 1mprovements in birth weight outcome (increased MBW or decreased - -

SGA) following exposure were not considered to be relevant. For most analyses, 90% CIs were
computed using the logit estimators produced by the SAS statistical package (53, 54).
However, when the number of either the exposed or unexposed cases fell below 10, odds ratios
and CIs were recomputed using the exact method. Exact computations were conducted using the
StatXact software package. The mid-P approximation for CIs was reported (35). -

The following characteristics from the birth certificate were evaluated for their potential
as confounders or effect modifiers: gestational age, maternal race, sex of infant, year of birth,
mother’s age, mother’s education level, father’s age, father’s education level, parity, adequacy
of prenatal care, maternal history of fetal death, and mother’s marital status. In addition,
military ranks obtained from the housing records were standardized into nine enlisted paygrades
(E1 through E9), four warrant officer paygrades (WO1 through WO4), and six officer paygrades
(O1 through O6). Paygrade is an accurate measure of income for the active duty member of the
household, although no information was available about the occupation or income of the parent
not listed on the housing card. :

Each potential confounder or effect modifier was examined separately through stratified
analysis. Potential confounders were those variables that met all of the following conditions: (1)
they were distributed differently in the exposed and unexposed groups; (2) they were risk factors
for or protective against decreased MBW or increased SGA; and (3) adjusting for the potential

confounder changed the parameter estimate for the association between exposure and outcome .

variables. The variables maternal age, maternal and paternal education levels, parity, year of
birth, gestational age, and military paygrade were collapsed to a minimal number of categories
for stratified analyses, and in some cases for multiple regression (linear and logistic) analyses.

Cut points for these variables were selected on the basis of their distribution and on their

relevant social or biological meaning. Graphical methods employed to examine the distribution
of these variables were histograms, scatter plots, and plots of means at different levels of each
factor.

The potential for effect modification consisted of a simple inspection of odds ratios in
different strata, and a Breslow-Day test for homogeneity (56). Ideally, one would identify
effect modifiers a priori {57), but the current state of the literature is too undeveloped to
anticipate which risk factors might act as effect modifiers. In the absence of a well-developed
literature; the potential biological and sociological relevance of each potential effect modifier
were considered.

Each variable that was either an effect modifier or a confounder based on stratified

analysis was retained in-analyses for multiple logistic regression and linear regression modeling,
and was eliminated in a backwards fashion. For SGA, potential confounders were eliminated
from-a model if their removal did not change the odds ratio relating exposure and outcome (or

the odds ratios for different exposure-covariate combinations if interaction terms are used) by .
more than 10%..-For.MBW, potential confounders were eliminated from a hne&ﬁ%ﬁfﬁm '
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model if their removal did not change the effect estimate by a minimum of 20 g .or 10% of the

effect estimate, Whichever was larger. Variables that indicated effect siédification (also known "

as interaction terms), were included in regression models if they were biologically plausible,
described heterogeneous groups in which the odds ratios differed by more than 25%, and had
p values less than .20. A less stringent p value for effect modifiers was used because of the low
statistical power available to detect them (58). The selection of a 25% change was arbitrary,
but provided an effective decision-rule for screening potential effect modifiers.

Years of Exposure

Although exposure to VOCs probably occurred thronghout the study period in the PCE-
exposed and long-term TCE-exposed groups, exposure before 1982 could not be documented.,
Because the PCE-exposed group was large enough, separate analyses were conducted for bm:hs
- occurring in the years 1982 through 1985 in this group. The number of births in the years 1982
and 1985 in the long-term TCE-exposed group was too small to complete separate analyses.

Timing and Duration of Exposure

The third trimester of pregnancy is usuvally regarded as the most important for fetal
growth and most significant in terms of toxicity resulting in late pregnancy outcomes {12).
However, Dejmek et al. recently observed an association between SGA and air pollutants that .
- was greatest when exposure occurred -during-the second and third months of pregnancy (59).
A cumulative effect of exposure might also be possible:(60), and many questions remain about.

- the way 'in which timing-of exposure may influence pregnancy -outcome (61). The populaﬁon
at Camp LeJeune has always been unusually-mobile. Approximately one-third of -women
receiving prenatal care at the NRMC, move to another base or into civilian life between the time
of their first prenatal care visit and the time of their delivery. If exposure must-occur in the early
part of the pregnancy or during spermatogenesis to cause an adverse outcome, then use of
maternal residence at time of birth would reduce or obscure an important association because .
individuals would be included who were not exposed at these critical times.

To address these issues, the dates of base family housing occupancy for each household
in the study were examined to determine whether and when each family moved over the course,;
of the pregnancy. This information was used to explore the influence of the timing and duratmn
of exposure on each study outcome. Within the PCE-exposed and long-term- TCE-exposed..
groups, length of tesidence in the housing unit listed on the birth.-certificate was used as. 2
surrogate for length of exposure. From discussions with Camp LeJeune personnei it was
determined that once a pregnant woman moved into base family housing, she generally remained
in the same housing unit until after she gave birth. Therefore, .it was assumed that each-family
resided in only one base housing unit during the pregnarcy, an assumption that will be evaluated
in a Jater report. Therefore, except for births occurring after-exposure ceased, length-of exposure -
indicates the number of consecutive weeks before birth that the mother lived in exposed housing.
For example, a 10-week exposure occurred during the last 10 weeks of the pregnancy, and not
the first 10 weeks. Among births in 1985, the year That the contamination m&ﬁﬁhg of
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exposure ‘was more “heterogeneons. To fisintain™consistency-regarding -the-meaning--of the_ ..

~ duration of exposure variable, births that occurred after the contamination ended were excluded
. from analysés by duration of exposure. - K

Births were divided into the following categories: births to mothers exposed for 1 to 3
weeks, births to mothers exposed for 4 to 10 weeks, births to mothers exposed for 11 to 20
weeks, births to mothers exposed for 21 to 45 weeks, births to mothers exposed before
conception and throughout pregnancy, and births to mothers exposed for 1 or more years before
conception and throughout pregnancy. A number of duration-response relationships were
considered to be biologically plausible. Because weight gain occurs most rapidly at the end of
pregnancy, it was considered plausible that the last weeks of pregnancy would be most
important; in this case, birth outcome would not differ by the length of exposure. It was also

considered o be biologically plausible that the effect measures would increase with duration

during the last 20 weeks of pregnancy, when most weight gain occurs, or throughout the
pregnancy. Other biologically plausible scenarios were that an association would be observed
‘only in births to mothers that were exposed during the entire first trimester, or only in births to

mothers who were exposed before conception and throughout pregnancy. Finally, because of the

possibility of selective survival, it was considered plausible that no effect or a very limited effect
would be observed among births to mothers who were exposed during the first 12 weeks of
pregnancy, when spontaneous abortion rates are highest, and that a duration-response

relationship would be observed thereafter. A number of scenarios that were considered to be
1mp1au31ble For example, unless if the pattern of effects was consistent with selective survival
early in pregnancy, it would be implausible to observe less of an effect among individuals who ~

were exposed the longest compared with individuals exposed for shorter periods. Because length

of residence during pregnancy was a function of length of gestation, the part of the pregnancy

during which exposure occurred and the gestational age at first entry into the exposed area were
also examined.

To examine the influence of timing of exposure in the short-term TCE-exposed group,
the week of gestation at time of exposure and the number of weeks between exposure and birth
were examined.

DATA Q’UALII’Y

In total 12,509 live births that met the study selection criteria were identified. Forty-four
of these births were deleted from analyses because the mother was exposed for less than 1 week
during pregnancy or only during spermatogenesis. Of the remaining 12,465 live births, 481
(3.9.%) were eliminated from all analyses because of missing or b’iologica]ly implausible data for
gestational age, or because exposure status could not be ascertained with certainty. The
distribution of births in each exposure group and the distribution of observations eliminated from
each group because of poor data quality are presented in Table 6. Some observations were
eliminated for more than one reason, for example, an infant reportedly weighing less than 350
grams and for which no data were available on the mother’s last menstrual period. To provide
a better sense of overall data quality for each critical ﬁeld observations that were eliminated are
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listed for each category. Therefore, the percentages in Table 6 do not add up to 100%. The

gestational age standard by which SGA was calculated was available only for births of 22 weeks = -~

or more of gestation. Table 6 also includes the total number of observations used for SGA
analyses within each exposure group. :

In addition to observations that were entirely excluded from this analysis, there were 2
number of observations with questionable values for gestational age. It is well recognized that
. in most populations, a disproportionate number of births are classified as very pre-term that are
heavier than would be expected for their gestational ages; the majority of these heavy, so-called

"very pre-term® births are actually births of later gestational age for which the gestational ages -
have been misclassified (62). To determine if the gestational ages for births classified as being -

very preterm were more commonly misclassified, the distribution of birth weights among these
births was compared to the 90th percentile for birth weight at each gestational age reported for - °
a standard population (51). Among live births less than 28 weeks of gestation, 17% of the values
in the study population fell above the 90th percentile reported for the standard population; only
10% would have been expected. These data values were marked as unlikely, but were not
excluded from the analyses because (1) although at a population level it was possible to
determine that most of these values were misclassified, it was not possible to distinguish which
individual observations were misclassified and which were correct, but outlying; and (2) these
observations account for a large proportion of early pre-term births, but only 1% of all live
births. Other questionable gestational ages were those that were estimated because the date of
the mother’s last menstrual period was missing' from the birth certificate: These represented
about 2.7% of the data. The final models were analyzed two ways: including observations with .
unlikely or interpolated gestational ages and-excluding them. Unless specifically discussed, re-
analyses without these data pomts had negligible impact on study results.

RESULTS
PCE ANALYSES

The distribution of demographic characteristics in the unexposed and PCE-exposed groups
is presented in Table 7. PCE-exposed mothers were less likely to live in officers’ housing (18%
unexposed, 8% exposed), less likely to be college-educated (11% unexposed, 5% exposed), and
less likely to have a college educated partner (18% unexposed, 7% -exposed). Table 8 contains
results of the analyses of birth outcomes comparing PCE-exposed and unexposed residents. The ~
difference in MBW between the PCE-exposed and unexposed groups was -24 g (90% CI:
—42, —7). The OR for PCE exposure and SGA was 1.2 (90% CI: 1.0, 1.3). Adjustment for
differences in demographic characteristics between the two groups did not substantially influence
the effect estimates.
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" When the analyseés were restricted to'the years-1982 through 1985, the effect es=timatess . . ..

changed only slightly. The difference in MBW between PCE-exposed and unexposed bir—ths for-
these years; was -12 g (90% CI. -44, 21) the OR for PCE and SGA adjusted for £ather’s:
education and military paygrade was 1.3 (90% CI: 1.0, 1.7).

Duration of Exposure

“Table 9 presents analyses based on duration of exposure to PCE. Differences irm MBWY
ranged from -30 g to +18 g for the various exposure categories. The ORs for SGA range=d fcozh
0.9 to0 1.2 for the various exposure categories.

Potential Interactions Between PCE and Demographic Characteristics

. PCE exposure appeared to be associated with reductions in MBW and increased odds o=f
SGA in two potentially susceptible subgroups. These groups were (1) births to mothers vwho hacd
previously had a fetal death and (2) births to mothers 35 years of age or older. Whesn thesee
groups were excluded from the main analyses, the OR for PCE and SGA dropped to 1.0 (S0%%
CI: 0.9, 1.2) and the difference in MBW between PCE-exposed and unexposed births wazs
reduced to -13 g (-32, +5). Additional analyses were conducted separately for each of the tweo
subgroups. ’

Age of Mother—Mothers aged 35 years or older who were exposed to PCE were at higzher risZk
for having infants who were SGA; overall, their infants had a lower MBW than un_expose=d
mothers within the same age category (Table 10). However, the exposed and unexposecd groups
in this age range were quite different demographically. In particular, members of tthe PCE-
exposed group were substantially less likely to live in officers’ households (3%) =than time
unexposed group (28%), and a substantially higher proportion of exposed mothers weres neithesr
white nor African-American (26%) compared with mothers in the unexposed groupe (10%_).
Reflecting these demographic differences, mothers aged 35 years or older in the urmexpose=d
group had a lower prevalence of SGA compared with mothers in all of the younger age= group:s,
while mothers aged 35 or older in the exposed group had higher rates than mothers in everry
other age group. However, after adjusting for gestational age and mother’s race, the dZifferencee
in MBW between PCE-exposed and unexposed births in this age group was -207 g (90% CI:: -
334.4, -79.4), which was very similar to the crude mean difference of -212 g. Morecover, tthe
- odds ratio for PCE-exposure and SGA increased slightly from 3.5 (90% CIL: 1.6 8.0) :in
unadjusted analysis, to 3.9 (80% CL 1.6, 10.0) after adjusting for residence in an officer~’s
household because of a very strong association between exposure and outcome ameong old iex
mothers living in an officer’s household. The effect of length of exposure to PCE was maot
examined in mothers aged 35 or older because there were too few cases to meaningfull y suamfy
on this variable.
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_ Mgthers with Histories of Fetal Deaths—Table 11 presents analyses of the association between
. PCE exposure and olitcome among mothers' with -histories -of fetal deaths. The differénce in .

MBW was -51 g (90% CI: -96, -5). The OR for SGA was 1.6 (90% CI: 1.3, 2.1) after
adjustment for living in an officer’s or warrant officer’s household. The influence of length of
exposure in the unexposed and PCE-exposed groups was also explored (Table 12). Differences
in MBW ranged from -121 g to +5 g, and ORs for SGA varied from 1.4 to 2.1. These effect
estimates did not follow a pattern of increasing effect with increasing duration. However,. the
confidence intervals were sufficiently wide that it was difficult to conclude whether any real
differences were present across the duration of exposure categories.

LonG-TERM TCE EXPOSURE

The demographic ¢haracteristics for the long-term TCE-exposed group and an unexposed

comparison, group are described in Table 13. Because the housmg area where long-term exposure N

to TCE occurred was for officers’ families, a companson group consisting of births among
residents of unexposed officers’ housing was used in all analyses of this group. It was felt that
this restriction would make the exposed and unexposed groups more comparable in terms of
demographic characteristics. Some differences between the two groups remained for sex of
infant, mother’s age, military paygrade, parity, father s education.level, and. self-reported
maternal history of fetal death.

Unadjusted measures of association between exposure and outcome are presented in
Table 14. A -108 g (90% CI: -230, -13) difference in MBW.and an OR of 1.5 for SGA (90%
CL: 0.5, 3.8) were observed in the exposed group compared with the unexposed group. After

'ad_]ustment for gestauonal age, the difference in MBW was -139 g (90% CI: 277, -1) in the

TCE-exposed group. Because thére were only three exposed births that were SGA, it was not
possible to assess confounding for this outcome using multiple regression models. However, in
simple stratlﬁed analysis, none of the covariates influenced the odds ratio by more than 10%

Interaction Between Long-term TCE Exposare and Sex of Infant

Because there were so few infants with long-term TCE exposure, no attempt was made
to address the issue of interaction for most of the covariates. The interaction between long-term
TCE exposure and sex of infant was examined because it was so-large that it was observed by
simple inspection of the data. Adjusted models for the association between TCE and MBW are
presented by sex in Table 15. For females, there was no difference in MBW between the
exposed and the unexposed infants. However in exposed males, the difference in MBW was
—312 g (90% CI: -632, -102) compared with their unexposed counterparts. Table 15 also
examines the influence of duration of exposure on MBW. In models restricted to the infants of
mothers who resided in family base housing for 20 or more weeks during pregnancy, the
difference in MBW was very similar to the group overall, but the number of exposed individuals
made this difficult to examine. '
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Interaction between sex and 16ng-term TCE etposure was also pre-sent: in-the-SGA.

analysis. All three SGA births were males. The OR for long-term TCE exposu re in male infants

was 3.9 (90% CI: 1.1-11.8). Among females, there were no SGA births; 1 b irth was expected .

based on the prevalence of SGA in the unexposed group. The mothers of each of the 3 SGA
infants in the long-term TCE-exposed group resided in the exposed housing ar-ea for their entire
pregnancies.

SHORT-IERM TCE EXPOSURE

Demographic characteristics for short-term TCE-exposed and unexposed residents are
compared in Table 16. By definition, all the residents in the short-term TCE-exzposed group were
bormn in 1985. Because a trend of increasing birth weight with later year of teirth was observed
in this data set, only births between 1983 and 1985 were included in the wunexposed group:
Except for slight differences in parity and maternal education, the exposed and unexposed groups
were quite comparable demographically.

Table 17 presents crude analyses of birth outcome among unexposed r<esidents-and short-
term TCE-exposed residents. MBW was slightly higher in the exposed group for both sexes
. combined. There was no difference in MBW in analyses restricted to males on.ly. The prevalence

of SGA was lower in this group than in the unexposed group. Adjustrment for potential

confounders did not eliminate the differences between exposed and unexposeed groups.

Within the course of each pregnancy, the timing of the short-term TCE exposure varied
from the 1st week of gestation to the.40th. It was anticipated that the effect of exposure might
be limited to a particular time in gestation, that is, during some critical period of organogenesis.
Alternatively, the possibility was considered that the weeks closest to bizmth would be miost
relevant, because weight gain is greatest at the end of gestation and there weanld be limited time
for catch-up growth. Examination of MBW based upon both (1) weeks elapsed between exposure
and birth, and (2) gestational age at time of exposure revealed no pattern of decrement with
exposure {see Figures 1-2). However, the number of observatlons within each time frame of
exposure was quite small. The five SGA infants did not share any distinct characteristics with
regard to timing of exposure.

DISCUSSION

The main findings of this study were (1) no association between PCE exposure and
decreased MBW or increased SGA among most births, -although associa_tions between PCE
exposure and both study outcomes were observed among the infants of maothers who were 35
years of age or older and among the infants of mothers with histories of fetal deaths; (2) a
pronounced association between long-term TCE exposure in male infants and decreased MBW
and increased SGA with no association observed ii female infants; ancd (3) no association
between short-term exposure to TCE and MBW or SGA.
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In the analyses of PCE exposure, a slight statistically significant difference in MBW
between the exposed and comparison groups was observed. However, the mean difference was
so small as to be clinically negligible. One reason that small differences in mean values are
sometimes important is that the mean difference may reflect a downward shift of the entire birth
weight distribution. The most serious consequence of such a downward shift is an increase in
the number of low birth weight or SGA infants. However, SGA was not associated with PCE
exposure among most residents at Camp LeJeune. This wounld seem to confirm that the -
difference in MBW was not large enough to be biologically important. S

Given. the lack of association between PCE exposure and birth weight in the study
population overall and given the large number of subjects studied, it is unhkely that maternal
exposure to the unique combination of contaminants in the Tarawa Terrace water system had
much of an-effect on birth weight, except perhaps on bixths to older women and births to women
with hlstones of fetal deaths. Sources of uncertainty remained for the subgroups in which
elevations were found and some important confounders, such as maternal smoking habits, and
maternal height, were not controlled for. It seems unhkely that these factors could have totally
obscured a strong effect, ‘especially in a population as homogeneous as the one studled Further
pursuit of this issue is planned if review of medical records is fedsible.

Misclassification .of . both exposure and outcome are problematic in almost every
epidemiologic study. In. this study, information on exposuré was ‘limited to water quality
measurements taken over a 3—year period; the study examined 28 years of birth weight data. It
is therefore conceivable.that no PCE effect was observed because the study poplﬂatlon was
primarily unexposed. However, this seems unhkely, both because the activities resulting in the
PCE contamination occurred throuOhout the study period, and because there were not Iarve
differences in the study findings for PCE exposure when the sample was restricted fo years of'
known exposure. In addition, concern that an association between PCE and birth weight
~outcomes might have been obscured by studying births exposed during the wrong time window
was addressed. Across a variety of exposure categories, at most a very weak association was
observed among the births exposed for the longest duration.

Other sources of misclassification might have been more relevant. Even during the known
exposure period, exposure occurred mtermntently because different wells were used on different
days. However, although the exposure occurred intermittently, it probably occurred at least for =
some days during every month of the study penod Misclassification of. gestatlona.l age is also
quite likely, -especially among the pre-term births. These factors may be ‘quite relevant to the
PCE findings because it would be expected that these sources of msclassmcauon would reduce
the ability to detect exposure-related effects.

In addition, exposure to PCE probably did not occur consistently across the different

individuals studied because different pregnant women would have ingested different quantities
] of water and would have spent variable amounts of time showering. Lack of information on the
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-..variation in the personal habits of individual women means that the exposure dose that easch - -

woman received could not be quantified. Such precise dose information is helpful in 1l sk~
assessment, but given how little is known about PCE exposure and birth weight at thJS hme
such information would not necessarily improve sciéntific tiiderstanding: - B

GROUPS POTENTIALLY SUSCEPTIBLE TO PCE EXPOSURE

Despite the overall finding of no association between PCE and birth weight outcomess,
there were two clinically distinct subgroups: (1) mothers 35 years of age or older, and Q(2) .
mothers with histories of fetal deaths, in which PCE exposure was associated with birth weigzht -
outcomes. There are several reasons to question the meaning of the associations observed in
these groups. Among mothers 35 years of age or older, the number of women studied w~as
relatively small. This is reflected in the wide confidence intervals, suggesting a variety of valizies
that would be consistent with the observed data. Second, the exposed and unexposed women of
olderages were not comparable in terms of i unportant demographlc characteristics. Given thesse
important differences, there might have been some residual confounding, even after adjustineent
for measured risk factors. However, adjustment for residence in an officer’s household did snot
affect MBW and adjustment for mother’s race had a only a minor effect on MBW. For SGiA,
adjustment for mother’s race produced negligible changes and adjustment for residence in an
officer’s household actually increased the odds ratio. The negligible impact of adjustment =for
these confounders suggests that residual confounding by socioeconomic factors was unlikelyy.

The finding in older mothers was unanticipated, and no mechanism exists to explain -it.
‘Nonetheless, the association between PCE exposure and adverse outcome among mothers agged
35 years or older was sizeable and is biologically plausible. As a general rule, mothers 35 ye=ars
of age or older are considered to be at higher risk for adverse reproductive outcomes, especizaily
infertility, miscarriage and birth defects (12), but also for factors that have a clear role:in .
reduced birth weight, such as pregnancy-induced hyperension (63). Moreover, the effects.:-of
maternal smoking on birth weight have been ohserved by several authors to increase profoun Aly
with age (64-67). . :

The second potentially susceptible subgroup for which an association was obsersved
between PCE-exposure and birth weight was the group of women with histories of fetal deaths.
As with older mothers, women with histories of fetal deaths might represent a physiologicaally
susceptible subgroup with poorer pregnancy outcomes, including low birth weight, than wor=nen
without such histories (68). Unlike the older mothers, mothers with histories of fetal de=ths
composed 2 fairly large group, so that the effect estlmates were stat15t1ca11y stable.

Heterogeneny and data ‘quality are concerns for reported lustory of fetal death. Each b.ixth
certificate contained information on previous fetal deaths at any gestational age. However, f~etal
deaths occurnng at early gestational ages (miscarriages) have a different etiology than fTetal
deaths occurring at late gestational ages (stillbirths). Moreover, it is not clear whether fTetal
deaths at these different gestational ages were reported more or less completely. Difference=s in
reporting of fetal deaths based on socioeconomic status might have occurred as well.
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Analyses by length of exposure within this group provided no insight into the importance
of the associations observed. A strict duration-response relationship would have reinforced
concern about this association, while a duration-response in which the most exposed people had
the smallest (or no effect) would have lessened concern about this association. However, neither
one of these patterns was detected, and a variety of other models would have been consistent
with an effect of PCE on fetal weight gain. Moreover, the effect estimates within specific
exposure-duration categories were based on relatively small numbers and hence would have
fluctuated randomly. Currently, more sophisticated statistical modelling techniques are being
explored that might provide us with greater insight into the duration-response relationship.

One mechanism that has been hypothesized for the reproductive effects of PCE is central
nervous system depression of the hypothalamus or pituitary glands resuiting in hormonal changes ™
in the mother or the fetus or both (69-71). However, an actual link between hormonal changes
and mothers 35 years of age or older and mothers with histories of fetal deaths would -be
difficult to make. Patterns of hormonal function and activity among women in their 30s have not
been well studied, although hormonal changcs assocjated with the onset of TMENOpause OCCur
primarily in women in their 40s rather than in their late 30s (72). Nevertheless, it is possible that
the concentrations of PCE in the drinking water at Camp LeJeune were too low to influence
birth weight within the population as a whole, but that among groups that are known to have
more reproductive problems, the minor stress resulting from PCE exposure was sufficient to
disturb the »develoPmental environment of the fetus.

The finding of associations. in these two “potentially susceptible subgroups must be
interpreted cautiously. Nonetheless, this suggests an important area for future research because
exposure to PCE is common. In addmon if these associations bear out under further scrutiny,
they could influence genéral thinking about the groups that are especially vulnerable to toxic
substances. As discussed previously, data quality for the reporting of previous fetal deaths is of
. considerable concern. Information regarding maternal medical conditions such.as diabetes and
hypertension, maternal weight gain, and smoking would also greatly enrich the existing data on
this study population. A feasibility study is now being conducted to determine whether medical
records might be obtained for a sample of women in these susceptible subpopulations.

TCE EXPOSURE

Strong associations between long-term TCE exposure and birth weight were observed in
males, but not in females. Both the decrement in MBW and the increase in SGA among males
exposed to TCE compared with unexposed males were quite Jarge, about the magnitude of the ~
effect of maternal cigarette smoking in the general literature, Overall, the long-term TCE-
exposed group was very small,.and there was not a great deal of variation in the length of
exposure during pregnancy. Therefore, it is not of great concern that no meaningful differences
were observed when the possible mﬂuence of duration of exposure was cxplored by resmchncr
the dataset to infants exposed for at least 20 weeks of pregnancy. '
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" “The finding of-an association in males but not in females was unexpected and reduces the

plau31b111ty of the findings. In studies of male-female differences in TCE metabolism, adult =~~~

females were found.to absorb TCE better than adult males, and to metabolize TCE more slowly.
The slower metabolism of TCE in females is due largely to the higher proportion of bodyweight
contributed by fat in adult females. TCE, a fat-loving molecule, is better diluted in females, and
hence in females a greater proportion of the body’s TCE is stored in fat where it is not
metabolized (7). Male-fernale differences in body fat concentration are already present at birth
(73). These are factors that one might anticipate would make female infants more susceptible
to TCE, not less.

Solvents in general, and TCE in particular, are known to interfere with lipid metabolism
in the liver, and to affect lipid composition in the liver and brain (74,75). One might
speculate that the mechanisms that promote fat accumulation in female fetuses are sufficient to
overcome small changes in lipid metabolism and composition, while male fetuses, lacking the
same fat-accumulating hormones, do not have the capacity to overcome such small changes. In
addition, it is possible that males, who have 2 higher mortality rate at birth and throughout
infancy (76), are slightly more susceptible to toxic insult, and might respond to Iower doses
than females.

Other studies of environmental exposure to toxic substances and birth weight have
observed more pronounced effects in males than in females (38,77,78). The chemicals
studied in two of these studies (77,78) were polycychc aromatic compounds such. as °
polychlonnated biphenyls (PCBs) and dioxins; in the third study (38), the responsible -
compound(s) were not identified. In other studies of polycyclic aromatic compounds, sex-specific
interactions involving similar exposures have not been observed (79), or were not evaluated
(80). The differences between the sexes observed by Rylander et al. {78) were not nearly as
profound as the differences observed in this study. In addition, polycyclic aromatic compounds
might be expected to have more sex-specific effects because they bind to estrogen receptors -
(81). While also metabolized by the P-450 enzyme system in the liver (17), TCE has a
chemical structure very different from these other compounds.

Given the small numbers of long-term TCE-exposed births, it is also possible that the
observed associations arose in this group by chance or bias. One potential source of confounding -
was that the long-term TCE-exposed group was a very select subpopulation. Unlike the rest of
the housing areas, whose inhabitants had diverse occupations, residents of Hospital Point were
primarly bospital workers. Therefore the observed effect might have been related to the
presence of characteristics unique to health care personnel or their wives. Although possible, this
seems unlikely because the effects.of behavioral factors such as smoking and patterns of use of
medical care on birth weight have been studied much more frequently than the effects of TCE
on birth weight. Smoking and access to medical care have not been observed to have sex-specific
effects. Contaminants other than TCE that the active duty parents (in all of these cases, fathers)
might have been exposed to at work were also plausible sources of confounding. However, these
contaminants would not necessarily have been more likely to have a sex-specific effect than
TCE.
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The study’s failure to find any association between short-term exposure to TCE and birth
outcomes was not inconsistent with findings in the fong-term TCE-exposed group.-One would --
expect that a 12-day exposure would have less of an effect than a 40-week exposure. However,
the short-term exposure findings also lend no support to the long-term exposure findings. The
timing of the exposure was heterogeneous. One particularly relevant timeframe is very early in
gestation during embryonic development because cell death that occurs at this time may affect
the development of entire organs. Another very relevant timeframe is shortly before delivery,
because any effect of exposure earlier in pregnancy might be obscured by catch-up growth.
However, the small number of short-term TCE-exposed births occurring within either of these
two relevant time windows would make it difficuit to rule out the possibility of an effect specific
to one or both of these parficular times. '

In short the lack of additional studies to either support or refute the ﬁndmgs and the
hmltatlons in the size of the exposed population prevented stronger conclusions from’ being
reached r@gardma the potential effects of long-term TCE exposure. Moreover, the male-only
effect greatly weakened the biological plausibility of the long-term TCE findings. However, it
should be noted that many factors that adversely affect health have been identified and confirmed
through epidemiologic analysis without a clear explanation as to the mechanism of action. TCE
is an extremely common exposure at hazardous waste sites, and pregnancy outcomes are near
or at the top of the list of community concemns when such exposures occur. Given these factors
and the magnitude of the association observed, the potential effects of exposure to TCE during
pregnancy deserve further study. The best way to obtain more conclusive information on the
effects.of TCE. exposure on birth weight is to repeat 2 similar analysis in a larger population of
TCE-exposed pregnancies, in which the TCE ‘concentrations occur at-similar- or-higher levels.
In the meantime, it is far from certain that the long-term TCE exposure was actually responsible
for the decreased MBW and increaséd SGA observed in male infants at Camp LeJeune. Still,-
prudence ‘would dictate that the associations between TCE exposure and birth weight observed
at Camp LeJeune be seriously considered both whén identifying new avenues for research, and
when assessing the health impact of TCE exposure at hazardous waste sites.

CURRENT STATUS OF ATSDR RESEARCH AT CAMP LEJEUNE

This document reflects the current status of research into the effects of VOCs on
pregnancy outcomes at Camp LeJeune. Because of strong public interest in the health effects of -
VOCs, it was decided to provide timely feedback through this interim report. However, several -
activities within the original protocol have not yet been completed. These include analysis of
exposure to VOCs in relaﬁon to the outcomes preterm delivery and fetal death, and evaluation
of the completeness of the housing record data used to medsure duration of exposure. As base
efforts to. better define and remediate the TCE plumes progress, it might also be possible to
better estimate when exposure t0.TCE first began. There dre also plans to address many of the
data quality issues raised in this discussion by ryeviewing medical records for a sample of
pregnancies within this cohort. Data collection for a pilot study that evaluates the feasibility and
usefulness of such medical records is currently underway. The results of this feaé)&iwmdy
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will also'be made available with the final report. The study protocol included plans to evaluzste
the associations between exposure to VOCs and matemal medical complications and birrth
defects, using data obtained from the birth certificate. However, the data were not of sufficie=nt
quality to make these analyses worthwhile. - - )

- INTERIM CONCLUSIONS

Based on the analysis of birth weight and gestational age data for residents of base fam iily
housing at Camp LeJeune, the following interim conclusions were made. :

1. No association was observed between MBW or SGA and exposure to PCE in the rarmge
of 80 to 200 ppb among the offspring of mothers younger than 35 who had no medi-cal
history of fetal death. Most of the PCE-exposed infants studied were included in tchis

group.

2. Decreased MBW and increased SGA were associated with exposure to PCE among the
offspring of mothers 35 years of age or older. Smaller decreases in MBW and increa ses
in SGA were associated with exposure to PCE among the offspring of mothers wwith
histories of fetal deaths. While these finding bave some biological plausibility, they w "ere
not anticipated and require further evaluation.

. 3. No association was observed between MBW or SGA and exposure to 1 ppm TCE for 7
to 12 days. However, it was not possible to evaluate whether short-term TCE expossure
might be associated with MBW or SGA at particularly critical times during pregnanucy.

4. Strong associations were observed between long-term exposure to TCE in the ranges of
1 ppm and decreased MBW and increased SGA in male infants. No associations wwere
observed for female infants for these study outcomes. These results should be interprested
cautiously because the sample size was very small, which increases the likelihood that
the association was a chance occurrence. In addition, an effect on males and not: on
females was not anticipated. Nonetheless, study of birth weight in the offspring oof a
larger population of pregnant women exposed to TCE is recommended.
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