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Abstract
Polybrominated diphenyl ethers (PBDEs) have been incorporated into many consumer products as
flame retardants. Due to their persistence and ability to bioaccumulate, PBDEs are ubiquitous in
human blood and breast milk samples from industrialized nations. Although there exists a potential
for environmental pollutants such as PBDEs to adversely impact birth outcomes and perinatal health,
reports of PBDE levels in human reproductive tissues are limited. The aim of the current study is to
evaluate the total levels and congener-specific profiles of PBDEs from human extraplacental
gestational membranes. Gestational membranes from five term pregnancies were obtained from non-
laboring caesarian deliveries at the University of Michigan Women's Hospital Birth Center. Duplicate
samples were extracted and analyzed by GC-MS for twenty-one PBDE congeners. Total PBDE
loading was 17.4 ± 3.9 pg/g tissue (5.62 ± 1.28 ng/g lipid). Seventy-eight percent of the total
measurable PBDE loading was due to BDEs 47, 49, 99, 100, and 153, with measured values of 3.63,
3.15, 3.05, 1.74, and 1.90 pg/g tissue(1170, 1018, 983, 561, and 612 pg/g lipid), respectively. The
remaining 28% was comprised of BDEs 17, 28, 66, 71, 85, and 154. No octa-, nona- or deca- BDEs
were identified. Although previously unreported in the human gestational compartment, BDE 49
comprised 17% of the total PBDE level. This work establishes baseline accumulated levels of PBDEs
in gestational membranes of women in Southeast Michigan.
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Introduction
Polybrominated diphenyl ethers (PBDEs) are commercially produced synthetic flame
retardants consisting of two phenyl rings linked by an ether bond with variable hydrogen to
bromine substitutions. Mixtures of PBDEs have been used in textiles, plastics, building
materials and insulation. Because of their chemical structure, several of the 209 PBDE
congeners tend to be environmentally persistent and bioaccumulative (1). In human
measurement studies, congeners BDE-47, 99, 100 and 153 are most often detected and
comprise the majority of total PBDE loading (2-4). Since 1970, over 50 reports have identified
PBDEs in human adipose, liver, breast, whole blood, serum, breast milk, fetal cord blood and
placenta (reviewed by Hites) (1). Furthermore, several studies have begun to address
gestational compartment dynamics through paired sampling of maternal blood, fetal blood and
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placenta (3,5-8), although none to date has addressed the extra-placental maternal/fetal
gestational membranes.

In animal studies, PBDEs exhibit neurodevelopmental(9,10), hepatic (11,12), immunological
(13,14) and thyroid toxicities (12). Rabbits orally exposed to PBDEs show decreased gestation
length (15). Because of their environmental persistence and toxicity, the US EPA has identified
PBDEs as a priority human health concern (16). Production of penta-and octa-substituted
congeners ceased in 2005 in the USA, and the European Union passed legislation to prohibit
all PBDE use after July 2006 (a short-term extension for deca-BDE was granted in October
2005). Although U.S. and European production of PBDEs has ceased except for BDE 209,
many PBDEs remain a pertinent risk to human health due to production in other regions, import/
export of goods containing PBDEs, the wide stock of PBDE-containing materials in-use, and
environmental persistence (17).

Extraplacental gestational membranes are composed of the amniotic, chorionic and decidual
layers that surround the fetus and create a protective barrier during gestation. Minimally
vascularized and containing dense collagen, the extraplacental membranes are distinctly
different from the highly vascularized placental disk used to transfer oxygen, nutrients and
waste products between maternal and fetal blood. Additionally, the extraplacental membranes
play an important role in parturition, producing both cytokines and prostaglandins in all three
layers during labor (18,19). Cytokines and prostaglandins have been closely linked to the
biological processes of birth including dynamic cervical remodeling (20), uterine contractility
(21), and gestational membrane rupture (22). Rupture of these membranes plays a key role in
term and preterm parturition. Recent increases in the rate of preterm premature rupture of
membranes (PPROM) has made it a leading cause of preterm birth, particularly in African-
American women, and often results in fetal morbidity or mortality (23). The causes of PPROM
are still to be determined, and the role of environmental pollutants such as PBDEs has yet to
be addressed.

Americans are ubiquitously exposed to PBDEs, primarily through dust and diet (24). The 2003
−2004 National Health and Nutrition Examination Survey (NHANES) identified measurable
PBDE levels in 89% (2040 of 2305) of randomly selected blood serum samples. Once in the
maternal blood circulation, PBDEs may access the gestational membranes directly or
indirectly. The spiral arteries of the uterus supply blood to the decidua, providing a direct route
of transfer to the membranes. In addition, previous studies have shown that PBDEs can enter
the gestational compartment and fetal blood circulation, presumably by crossing the placental
blood interface (25,26). It is also possible that PBDEs reach the gestational membranes
indirectly from the fetal compartment through the amniotic fluid. Although no studies to date
have assessed PBDE levels in the amniotic fluid, studies of structurally similar compounds
(polychlorinated biphenyls) have shown high levels in human amniotic fluid (27). Because of
the likely PBDE exposure of gestational membranes and their critical role in parturition, an
assessment of PBDE deposition in the human gestational membranes was undertaken.

The aim of this study was to determine the total PBDE concentrations and congener-specific
deposition profiles in human extra-placental gestational membranes from women in southeast
Michigan. Twenty-one PBDE congeners (BDEs 17, 28, 47, 49, 66, 71, 75, 85, 99, 100, 138,
153, 154, 166, 183, 190, 203, 206, 207, 208 and 209 [deca-]) were measured in the present
study.
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Methods and Materials
Sample Collection

From November 2007 through January 2008 duplicate extraplacental membranes samples were
obtained from five healthy non-laboring women undergoing scheduled caesarean section
deliveries at 37−39 completed weeks gestation at the University of Michigan Women's
Hospital Birth Center in Ann Arbor, Michigan. Exclusion criteria included cigarette smoking,
prescription of antibiotics in the past two weeks, collagen vascular disease,
immunocompromised conditions, bacterial vaginosis or clinical chorioamnionitis (as noted in
the chart or suspected by attending physician), cervical cerclage, third trimester bleeding, major
maternal medical conditions (e.g., chronic renal disease, sarcoidosis, hepatitis, HIV), pre-
eclampsia, diabetes, multifetal pregnancy, or any other condition which would require the
tissue to be sent to pathology. Personal identifiable information was not collected, in
compliance with the University of Michigan Institutional Review Board requirements. The
investigators had no direct interaction with the human subjects and the tissues collected would
have been otherwise discarded.

Following delivery, placentae with attached membranes were transported to the laboratory.
Full thickness membranes were separated from the placental disk, allowing a 3-cm margin to
prevent sampling from the transitional zone. Each 1-g sample was compiled from 5−7 random
collections of full-thickness membranes and was placed into a glass sample vials with Teflon®
lined caps. To prevent contamination of samples, all stainless steel instruments and glassware
used for collection were baked at 500 °C and rinsed with homogenization solvent immediately
prior to use. Laboratory practices followed universal safety precautions for handling human
tissue (e.g., personnel vaccination for hepatitis B and wearing of laboratory safety glasses,
gloves, face mask and lab coat when handling tissues).

Analysis of lipid content
Replicate 1-g tissue samples were homogenized using a Polytron® PT2100 tissue homogenizer
(Kinematica, Bohemia, NY) in 25 ml hexane/ethyl acetate (9:1 v/v), or for comparison, in 25
ml hexane/carbon tetrachloride (4:1 v/v). HPLC grade hexane, carbon tetrachloride and ethyl
acetate were purchased from Fisher Scientific (Fair Lawn, NJ), Acros Organics (Geel,
Belgium) and Sigma (St. Louis, MO), respectively. Samples were centrifuged and the organic
fraction was transferred to pre-weighed glass beakers. The solvent was volatilized under a
N2 (Cryogenic Gasses, Detroit, MI) stream, and the remaining lipid was maintained overnight
at 100 °C to remove any remaining water. The glass beakers were then reweighed to determine
the lipid content of the initial sample, which was expressed as percent of total tissue weight.

PBDE analysis
Replicate 1-g samples from each caesarean delivery were homogenized using a Polytron®
PT2100 tissue homogenizer in 25 ml hexane/ethyl acetate (9:1 v/v). The organic fractions were
transferred to volumetric test tubes and evaporated to 1 ml under a N2 stream. Samples were
spiked with internal standards (CB IUPAC Nos 136 and 204). Each sample (2 μl injection)
was analyzed for 21 PBDE congeners by GC-MS (Agilent 6890/5973, Palo Alto, CA, USA)
using negative chemical ionization mode and a DB-5 column (30 m, 0.25 mm id, 0.25 μm film
thickness; J&W Scientific, Folsom, CA, USA). The carrier gas was helium (flow rate of 0.7
mL min−1, inlet pressure of 5.43 psi, average velocity of 31 cm s−1), and methane was the
reagent gas. In all runs, the injector was set at 280 °C. The oven temperature started at 80 °C,
held for 2 min, then ramped at 10 °C min−1 to 300 °C, and held for 46 min. A separate run was
made for BDE-209 using a temperature program that avoided fragmentation. In the latter case,
the initial temperature again was 80 °C, held for 2 min, then ramped at 50 °C min−1 to 300 °
C and held for 40 min. Calibration standards included BDEs 17, 28, 47, 49, 66, 71, 75, 85, 99,
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100, 138, 153, 154, 166, 183, 190, 203, 206, 207, 208 and 209. Method detection limits (MDLs)
were estimated based on three times the standard deviation of seven low concentration
standards and then dividing by the collected mass (g) of the samples. The estimated MDLs
were 0.010−0.020 ng/g for tri-through hexa-BDEs, 0.020−0.040 ng/g for hepta- through nona-
BDEs, and 2.5 ng/g for deca-BDE (assuming a 1 g tissue sample).

Data analysis
Data for BDEs 17, 28, 47, 49, 66, 71, 85, 99, 100, 153, and 154 are represented as the mean ±
SEM. Two replicate sample measures of BDE congeners were averaged and a grand mean was
calculated for each BDE congener (N=5). Measurements below the MDL were assigned a value
of one-half the MDL. Congener concentration as a percent of total PBDE loading was
calculated by averaging the percent each congener constituted from each independent sample.
BDEs 75, 138, 166, 183, 190, 203, 206, 207, 208 and 209 (Deca) were not detected in any
samples and have been excluded from subsequent data analysis.

Results and Discussion
The lipid content of 1-g gestational membrane samples using the hexane/carbon tetrachloride
solvent averaged 0.30%. Comparable results (0.31%) were obtained using hexane/ethyl
acetate. Based on these results, hexane/ethyl acetate was used for tissue extractions prior to
PBDE analysis. The lipid content of the human gestational membranes appears lower than the
lipid content reported for the human placenta (6,28).

On a tissue weight basis, the mean total PBDE concentration in the gestational membranes was
17.41 ±3.98 pg/g (n=5; Table 1). Values for each sample are the average of two replicate
measures. From this a grand mean was calculated based on the sample means (N=5). On a lipid
weight basis, the total PBDE level was 5.62 ± 1.28 ng/g (range from 3.06 to 9.53 ng/g) in the
gestational membranes (Table 1). Lipid contents for all human gestational membranes
measured were 0.31%.

The individual congener profile is shown in Figure 1. Congeners exceeding 0.5 ng/g lipid were
BDEs 47 (1.17 ng/g), 49 (1.02 ng/g), 99 (0.98 ng/g), 100 (0.56 ng/g) and 153 (0.61 ng/g).
Congeners detected at lower concentrations were BDEs 17 (0.15 ng/g), 28 (0.14 ng/g), 66 (0.06
ng/g), 71 (0.32 ng/g), 85 (0.25 ng/g) and 154 (0.36 ng/g). BDEs 75, 138, 166, 183, 190, 203,
206, 207, 208 and 209 (Deca) were not identified in any samples.

Individual congener contributions to total PBDEs were assessed for each sample. Percent of
total (mean±SEM; N=5) is shown in Figure 2. Of the total 5.62 ng/g lipid PBDE loading, BDEs
47, 99, 49, 100, and 153 comprised 22, 21, 17, 12 and 11 %, respectively, for a total of 83%.
Additional congeners identified and contributing to the total tissue concentration include BDEs
17(2%), 28(2%), 66(<1%), 71(6%), 85(3%) and 154(4%). BDEs 75, 138, 166, 183, 190, 203,
206, 207, 208 and deca-BDE were below the limit of detection in all samples tested and were
therefore excluded from this analysis. When comparing the major contributing congeners
analyzed in various studies, this composition is similar to the profiles observed in fish(29),
birds (30), air (31), and sediment (32-34) in the great lakes region.

This is the first report of PBDE levels in human extraplacental gestational membranes. These
PBDE levels are several orders of magnitude lower than those reported by Doucet et al. in
placenta proper from North America (35). Doucet et al. report highly variable levels ranging
from >20,000 ng/g lipid in 2004 to ∼200 ng/g lipid in 2005. Increased vascularization may
lead to increased burdens in the placenta, although the relative PBDEs in the placental tissue
versus blood remaining in the placental sample has yet to be addressed. The impact of lipid
weight adjustment from tissue weight could not be addressed because placental lipid content

Miller et al. Page 4

Environ Sci Technol. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



was not reported. A similar study of European women showed significant variation in placental
lipid content between Denmark and Finland (8). When compared with placenta proper from
European women (reviewed by Frederiksen et al.) the PBDE levels reported in this study are
3−5 fold higher those previously measured (1.18−1.9 ng/g lipid) (24). This is not unexpected
as previous studies suggest biotic and abiotic PBDE concentrations in North America may be
several orders of magnitude higher than those found in Europe (1,24) and levels in gestational
membranes appear to be several orders of magnitude lower than placenta. It should also be
noted that BDE congeners selected for measurement vary between studies and may contribute
to the variation seen in total PBDE levels between studies.

Previous research has suggested BDEs with greater numbers of bromine atoms have shorter
biological half lives (36). Thuresson et al. have estimated the biological half-lives of these large
BDEs to range from 15 days (deca-BDE) to 97 days (BDE 183) in human serum. Relatively
short biological half-lives in combination with minimal vascularization and potential steric
hindrances of infiltration into the dense gestational membranes may contribute to our failure
to identify higher order congeners in this study.

The tetra-brominated congener BDE-49 has been identified as a major contributor to PBDE
accumulation in fish (37,38), including one report from the Great Lakes that found it to be the
most abundant congener (39). Interestingly, our data also show high levels of BDE-49, which
has not been previously reported in the gestational compartment. BDE-49 comprised 17% of
the total PBDE concentration. Because BDE-49 is often unreported (and presumably
unmeasured) in the vast majority of human research, our results suggest that PBDE levels may
be being underestimated by as much as 14−19%.

Oral exposure to PBDEs decreases gestational length in rabbits (15), but a mechanism
explaining this finding is lacking. Because the extra-placental gestational membranes play
critical roles in pregnancy and parturition (18-22), they may be important targets of PBDE
activity. Current research suggests a possible mechanism by which PBDE stimulation of the
gestational membranes may activate parturition pathways via reactive oxygen species
generation. Penta-BDE increases reactive oxygen species in neutrophil granulocytes in vitro
(40). Reactive oxygen species are potent activators of the nuclear factor-kappa B (NF-κB)
nuclear transcription pathway, which activates cytokine and prostaglandin production
(reviewed by Schoonbroodt and Piette) (41). Because cytokines and prostaglandins are
important stimulants of parturition (42-44), premature activation of this pathway by PBDEs
could contribute to preterm birth. Further research is needed to investigate this hypothesis, and
to assess whether a link can be made between PBDE exposure and preterm birth in women.
The identification of total and congener-specific PBDE levels within the human gestational
membranes in the present report is an important first step for further research.

This research provides evidence of accumulation for individual PBDE congeners in human
gestational membranes. These initial data indicate a need for further investigation into the
partitioning of specific PBDE congeners within the fetal membranes and the greater gestational
compartment. Furthermore, these data suggest that evaluation of PBDE effects on gestational
membranes may be warranted. The levels reported here for human tissue accumulation will
allow assessment of the relevance of PBDE concentrations on gestational membrane responses
in future experiments.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
PBDE congener concentrations in human gestational membranes. Data are presented as mean
±SEM. N=5
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FIGURE 2.
PBDE congener concentration as percent of total PBDE loading. Data are presented as mean
±SEM. N=5
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