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10 = First assessment of Di-(2-ethylhexyl)-phthalate metabolites and bisphenol A
11 exposures in french pregnant women

12 = High levels of Di-(2-ethylhexyl)-phthalate metabolites and Bisphenol A suggesting
13 recent exposure

= Women having a caesarean section (or forceps) had higher levels of Bisphenol A and
16 Di-(2-ethylhexyl)-phthalate metabolites than those giving birth naturally.

17 = Contamination can occur from medical devices either from catheterization or urine
18 probes when biomonitoring at delivery.

19 = This significant limitation for large-scale biomonitoring studies when including
women who have just given birth and who have been put on drips.
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Abstract

Exposure to phthalates and Bisphenol A could cause developmental and reproductive toxicity.
This study provides a first assessment of these exposures for more than 250 French pregnant
women. The median concentrations of total and free Bisphenol A in urine were similar to
those in other studies except the highest concentrations (5% of women had total and free
Bisphenol A >50 pg/L). Our study highlights high levels of Di-(2-ethylhexyl)-phthalate
metabolites in pregnant women, suggesting recent exposure, probably in hospital. Differences
between types of delivery (caesarean vs. natural) support this hypothesis. This is a significant
implication for large-scale biomonitoring studies among this population.

Keys words: Bisphenol A — Phtalates — Biomonitoring — Pregnancy — Maternal exposure —

Epidemiology
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Introduction

Bisphenol A [BPA: 4,4'-dihydroxy-2,2-diphénylpropane] is present in a variety of common
products including water bottles, sports equipment, medical and dental devices, dental fillings
and sealants and household electronics (Amanti-Kandarakis, 2009). Di-(2-ethylhexyl)-
phthalate is the primary phthalate typically found in plasticizers, solvents, lubricants,
addictives in the textile industry, and in cosmetic and medical device components (Meeker,
2009).

Endocrine disrupting Bisphenol A and Di-(2-ethylhexyl)-phthalate can mimic the body's own
hormones and lead to adverse health effects (Booker 2001;VVom Saal, 2008). Exposure to
these compounds has been shown to cause developmental and reproductive toxicity, including
diabetes (Vom Saal et al., 2008) and sexual dysfunction (Kortenkamp, 2010; Li, 2010).
Previous studies have suggested adverse health effects associated with prenatal exposure to
monoethyl phthalate in male infants, such as reduced anogenital distance (Swan, 2005) and
shortened gestational age (Latini, 2003). Exposure during fetus development (in-utero) and
first years of childhood appears to be the period of greatest sensitivity to its effects
(Vandenberg, 2007).

Once incorporated in the body, Bisphenol A and phthalates are rapidly metabolized and
excreted in urine. Studies on human metabolism have shown that phthalates are first
metabolized by hydolysis to produce primary monoester metabolites and then by oxidation to
produce secondary metabolites. Due to the rapid excretion of these compounds, urine samples
are considered an appropriate body fluid to assess Bisphenol A and phthalates’ exposure.
However, because Di-(2-ethylhexyl)-phthalate and Bisphenol A are already present in so
many products used for assessment, urinary sample contamination is a general problem in
biomonitoring studies. In fact, phthalates (diesters) are omnipresent during the analytical
procedure and consequently monoester phthalate metabolites are generated by various
processes other than human metabolism (Koch et al., 2003). Secondary metabolites are thus
preferred to monoester phthalates for Di-(2-ethylhexyl)-phthalate studies, because of the
major advantage that external contamination during analyses is avoided. The impact of post-
sampling contamination for phthalates could be greatly minimized through the measurements
of phase Il oxidative metabolites, such as mono (2-ethyl-5 hydroxyhexyl) phthalate and mono
(2-ethyl-5-oxo-hexyl) phthalate metabolites (Koch, 2003). It is important that both total and
free Bisphenol A are measured to elucidate whether contamination has occurred or not, as free
Bisphenol A is more subject to sampling contamination than the conjugated form, this latter
occurring in the liver (Volkel, 2011;Ye, 2008).


http://en.wikipedia.org/wiki/Dental_fillings
http://en.wikipedia.org/wiki/Endocrine_disruptor
http://en.wikipedia.org/wiki/Hormones
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The French Longitudinal Study of Children (Etude Longitudinale Frangaise depuis 1’Enfance;
Elfe) is a national cohort study examining the effects of environmental exposure to children’s
health. Prior to this study, a pilot survey was conducted in two regions to validate the
protocol. It included using questionnaires, sampling protocols and analytical methods. During
this pilot study, urine samples were collected before birth. Here, we present the impact of
post-sampling contamination from catheters on Bisphenol A and Di-(2-ethylhexyl)-phthalate

measurements in pregnant women.

Methods

The pilot survey was carried out in thirty hospital maternity units between the 1% and
4™ of October 2007, in the Seine Saint Denis district of Paris and Rhone-Alpes region in
southeast France. The survey was restricted to single and twin births. A total of 279 urine
samples were collected in high-density polyethylene vials of 250 mL in the delivery room
from ninety per cent of mothers who had agreed to both participate in the study and provide
biological samples. Samples were collected by midwives for 80% (10% could not be collected
because staff were too busy during child delivery). The following data were obtained through
medical records and self-administered questionnaires: diet; exposure to environmental
pollutants; mother’s health during pregnancy and prenatal and postnatal periods; growth and
health of the fetus during pregnancy.

Urinary concentrations of the total Bisphenol A (conjugated and unconjugated forms)
and free Bisphenol A were measured in 258 samples. Several aliquots of 10 mL were drawn
and stored in polypropylene vials at —80°C until analysis. The analyses were performed by
Idhesa Bretagne Oceane (Plouzané, France) on Hewlett Packard gas chromatographic system
HP 7890A coupled to a mass spectrometer HP 5975C after a liquid-liquid extraction.
Reference standards for Bisphenol A and the internal standard D4-Bisphenol A were
purchased from CIL-Cluzeau, France. The internal standard was added directly to the sample
before extraction. For the extraction, a solvent mix (dichloromethane and ethyl acetate) was
used, the samples were shaken and the aqueous phase was removed. For the analysis of total
Bisphenol A a solution of helix pomatia (beta glucuronidase) was used to hydrolyze
Bisphenol A conjugates, the samples were kept at 37°C in a drying oven during 1h30, before
the extraction. A purification phase on a Florisil column, and a derivatization with acetic
anhydride were realized. The analyses were performed with GC-MS using SIM (Single lon

Monitoring mode with oven) measuring mass-to-charge ratios (213, 228 (quantifier), 270,
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312). This method was validated according to the standard XPT 90-210 (Dekant,
2008;Matsumoto, 2003;Volkel, 2008).

The limits of detection and quantification were 0.10 pg/L and 0.30 pg/L respectively. All
validation procedures were performed with fresh samples of herbicide-free human urine. The
linearity of the method is controlled for each sequence. A number of blanks and control
samples were inserted into each batch of samples to verify the accuracy and precision of the
measurements (0.3; 2.5; 4.5; 10; 44.6 and 89.2 pg/L). The coefficient of variation of
concentrations in control samples was less than 20%.

The urinary concentrations of metabolites of phthalates (monoethyl phthalate; mono (2-ethyl-
5 hydroxyhexyl) phthalate; mono (2-ethyl-5-oxo-hexyl) phthalate) were measured in 279
samples. Solid Phase Extraction was realized on LiChrospher® RP-8 (Sorbent characteristics:
particles of silica with Octyl derivative; specific surface area: 350 m2/g; pH range: 2-7.5;
shipping eluent: acetonitrile/water). The analyses were performed using Liquid
Chromatography coupled to tandem Mass Spectrometry after enzymatic hydrolysis (with
beta-glucuronidase at 37°C). The limit of quantification was 0.5 pg/L. In a similar way to the
Bisphenol A measurements, a number of blanks and control samples (LGC Standarts) were
inserted into each batch of samples to verify the accuracy and precision of the measurements
(3.07 and 25.8 pg/L for monoethyl phthalate; 10.41 and 68.26 pg/L for mono (2-ethyl-5
hydroxyhexyl) phthalate; 7.79 and 55.64 pg/L for mono (2-ethyl-5-oxo0-hexyl) phthalate). The
coefficient of variation of concentrations in control samples was less than 20%. The analyses
of creatinine were performed using the kinetic Jaffe method on a Roche Cobas Integra 700
system.

Several studies (Adibi et al., 2008; Huang et al., 2007; Perrone et al., 1992) suggested that
creatinine adjustment might not be the optimal method of urinary dilution adjustment for
pregnant women (as urinary creatinine levels may be unusually diluted or concentrated during
pregnancy) Therefore we chose to present our results in pg/L (data in pg/g creatinine not
shown).

Statistical analyses were performed using the Wilcoxon test to compare the
distribution of Bisphenol A and metabolites of Di-(2-ethylhexyl)-phthalate according to the
type of delivery (caesarean vs natural). We also performed a complementary analysis on urine
probes to estimate the influence of the contact period between the probe and urine for 0, 12

hours and 24 hours at ambient temperature.

Results
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Table 1 shows the distribution of concentrations of free and total Bisphenol A (in
pg/L), monoethyl phthalate, mono (2-ethyl-5 hydroxyhexyl) phthalate and mono (2-ethyl-5-
oxo-hexyl) phthalate (ug/L) in all urine samples [data in pg/g of creatinine not shown].

Total and free Bisphenol A were detected in more than 90% and 74% of the urines
samples respectively. Total Bisphenol A levels ranged from 0.3 to 598 pg/L, with a median
concentration was 2.5 pg/L, its 25™ percentile was 1.0 pg/L, the 75" was 5.6 pg/L and its 95"
percentile was 115.4 pg/L. Free Bisphenol A levels ranged from 0.3 to 512.8 pg/L, with a
median concentration of 0.4 pg/L, its 25™ percentile was 0.1 pg/L, the 75" was 1.4 pg/L and
its 95" percentile was 35.1 pg/L. Di-(2-ethylhexyl)-phthalate metabolites (monoethyl
phthalate, mono (2-ethyl-5 hydroxyhexyl) phthalate and mono (2-ethyl-5-0x0-hexyl)
phthalate) were detected in more than 95% of the urine samples. Monoethyl phthalate levels
ranged from 0.5 to 768.1 pg/L; the median concentration was 13.7 pg/L, its 25" percentile
was 4.4 pg/L, the 75" was 51.3 pg/L and its 95™ percentile was 256.5 pg/L. mono (2-ethyl-5
hydroxyhexyl) phthalate and 50xo- monoethyl phthalate were detected in all the samples.
Their levels ranged from 0.5 to 1587.9 ug/L, and from 0.5 to 924.5 pg/L respectively. Median
values were respectively 50.7 and 28.3 pg/L, 25" percentiles 7.3 and 12.4 pg/L, 75"
percentiles 222.7 and 146.9 pg/L and 95" percentiles 635.1 and 435.5 pg/L.

Analysis was then performed separately for two types of delivery: caesarean section or
forceps versus natural delivery. Women having a caesarean section (or forceps) had higher
levels of both total and free Bisphenol A than those giving birth naturally. Figure 1 shows the
density of probabilities of Bisphenol A and metabolites of phthalates’ concentrations in urine
samples collected from women having natural and caesarean or forceps deliveries. The latter
group (caesarean or forceps) had much higher free Bisphenol A values (median values 0.7
pg/L) than those who delivered naturally, p=0.036 (median values 0.3 pg/L).

The complementary analysis performed on two urine probes in latex showed a release
of Bisphenol A over time: 8.1 pg/L at 0 hours, 149 pg/L at 9 hours and 281 pg/L at 24 hours
for the first sample and 4.8 pg/L at 0 hours and 193 ug/L at 9 hours for the second one.

Women having caesarean sections or delivery with forceps had higher levels of
monoethyl phthalate, mono (2-ethyl-5 hydroxyhexyl) phthalate and mono (2-ethyl-5-oxo-
hexyl) phthalate than those who gave birth naturally (p=0.002, p=0.16 and p=0.19
respectively). Median values were respectively: 22.9 pg/L in caesarean section vs 10.2 in
natural delivery for monoethyl phthalate; 50.7 vs. 32.3 pg/L for mono (2-ethyl-5
hydroxyhexyl) phthalate and 33.9 vs. 23.7 pg/L for mono (2-ethyl-5-oxo-hexyl) phthalate.
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Discussion

We found the median, 25" and 75™ percentiles of total Bisphenol A were similar to the
2517 subjects of the National Health and Nutrition Examination Survey, which is a national
program designed to assess health of children in the United States: respectively 2.8 pg/L; 1.3
Hg/L and 5.5 pg/L, but the 95™ percentile was much higher than expected (115.4 pg/L vs 16
Mg/L in the National Health and Nutrition Examination Survey). These higher values were
found in women who had caesarean sections and highlight a potential problem of
contamination. The higher levels of free BisphenolA also found in women who had caesarean
sections could elucidate this contamination: the 95" percentile being 273.9 pg/L for this
group versus 4.2 ug/L for those giving birth naturally. Contamination of human urine samples
with BisphenolA from exogenous sources during specimen collection may have contributed
to the concentrations of free BisphenolA reported, as has been shown in other studies
(Markham, 2010;Twaddle, 2010;Ye, 2011). The differences in free BisphenolA urinary
concentrations according to the type of delivery, suggested that the source of contamination
may be hospital-based. The release of BisphenolA from catheterization probes further
supported the hypothesis that post-sampling contamination occurred, primarily occurring in
caesarean deliveries. The complementary analyses confirmed the release of BisphenolA from
urine probes over time, suggesting that contamination of urine samples was effectively
possible.
The median concentrations of urinary Di-(2-ethylhexyl)-phthalate metabolites (monoethyl
phthalate, mono (2-ethyl-5 hydroxyhexyl) phthalate and mono (2-ethyl-5-0x0-hexyl)
phthalate) were higher than those previously reported in the literature for pregnant women
(Adibi, 2009;Wolff, 2008). However, they were similar to concentrations measured in a study
by Yan et al. (2009), where pregnant women had had intravenous injection of glucose, water
and electrolyte balance support after admission to hospital (YYan, 2009). They observed
median concentrations of 114.7 pg/L monoethyl phthalate, mono (2-ethyl-5 hydroxyhexyl)
phthalate 108.9 pg/L, and 95.1 pg/L mono (2-ethyl-5-oxo-hexyl) phthalate. Our study
highlighted the high exposure to metabolites of Di-(2-ethylhexyl)-phthalate (monoethyl
phthalate, mono (2-ethyl-5 hydroxyhexyl) phthalate and mono (2-ethyl-5-oxo-hexyl)
phthalate) for women who had just given birth. The very high values of mono (2-ethyl-5
hydroxyhexyl) phthalate and mono (2-ethyl-5-oxo-hexyl) phthalate observed suggested recent
exposure, probably in the hospital. The very high values of monoethyl phthalate also
suggested recent exposure, but these may have been due to contamination of urinary samples.
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Our results suggest that contamination can occur from medical devices either from
catheterization or urine probes when biomonitoring at delivery. This is a significant limitation
to be taken into account for large-scale biomonitoring studies when including women who
have just given birth and who have been put on drips. Considering the high Di-(2-ethylhexyl)-
phthalate metabolites concentrations found in such women, there is a strong potential that
other patients, especially infants in neonatal and pediatric intensive care units, will be exposed
to these substances in countries where catheters containing phthalates have not yet been

banned.
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Tables

Table 1: GM with Cls, GSD and distribution (25", 50" and 75" percentiles) of free and total Bisphenol A (BPA) and Di-(2-ethylhexyl)-phthalate
(DEHP) metabolites : Monoethyl phthalate (MEHP), mono (2-ethyl-5 hydroxyhexyl) phthalate (5-OH-MEHP) and mono (2-ethyl-5-oxo-
hexyl) phthalate (5-oxo-MEHP) for all births, with natural and caesarean/forceps deliveries in the ELFE pilot survey.

% non detected

All births (n= 254)

Natural delivery (n=164)

Ceaserean / forceps delivery (n=79)

<LOD
BPA (N=254)

BPATotal 8.1
(ug/L)

BPA Free 25.6
(ng/l)

DEHP
metabolits
(N=279)

MEHP (pg/L)
5-OH-MEHP 0.0

(ng/L)

5-oxo-MEHP 0.0
(ne/L)

<LOQ

3.1

9.4

9.3

0.3

0.3

GM [CIs] GSD P25 P50

2.6 [2.1-3.2] 71.0 1.0 25

0.4[0.3-05] 628 01 0.4

12.9[10.4-16.2] 100.5 4.4 13.7

51.5[42.6-62.3] 256.8 15.3 41.9

38.2[31.9-45.7] 159.5 12.4 28.3

P75

5.6

1.3

51.3

222.7

146.9

GM GSD P25

20[1.6-25] 229 0.9

02[0.2-0.3] 220 0.0

10.4[7.8-13.7] 97.3 3.6

48.2 [38.3-60.8] 247.0 13.8

35.9[28.9-44.8] 152.5 12.0

P50

2.2

0.3

10.2

32.3

23.7

P75

5.1

1.0

37.7

210.7

1421

GM GSD

45[2.8-71] 1188

0.7[0.3-1.4] 1045

21.1[14.3-31.1] 110.6

61.3 [43.0-87.4] 279.8

44.2 [31.8-61.5] 172.8

P25 P50

1.2 33

0.1 07

6.9 229

18.2 50.7

15.3 33.9

P75

7.5

2.3

83.6

299.6

168.9




Figure

Figure 1: distribution of Bisphenol A (BPA), Monoethyl phthalate (MEHP), mono (2-ethyl-5
hydroxyhexyl) phthalate (5-OH-MEHP) and mono (2-ethyl-5-oxo-hexyl) phthalate (5-oxo-
MEHP) by type of delivery (the leftmost part of the distribution show a sort of pseudo-
node/mode, due to random fluctuation below the LOD)

Bisphenol A MEHP
0.35 0.35
— Natural — Natural
0.30 7| ... Caesarean 0.30 | . Caesarean
+ forceps + forceps
0.25 0.25
20.20 20.20 ]
2 2
& &
© 0.15 7 © 0.15
0.10 0.10
0.05 0.05
0.00 i 0.00
T T T T T T
-5 0 5 -5 0 5
logarithmic transformation of Bisphenol (ug/l) logarithmic transformation of MEHP (pg/l)
50H-MEHP 50x0-MEHP
0.35 ] 0.35 ]
— Naturel — Naturel
0.30 | ... Caesarean 0.30 | ... Caesarean
+ forceps + forcey
0.25 0.25
20.20 ] 2020
2 2
a a
0.15 0.15
0.10 0.10
0.05 0.05
0.00 0.00
T T T T T T
5 0 5 5 0 5

logarithmic transformation of 5OH-MEHP (ug/l) logarithmic transformation of 5oxo-MEHP (ug/l)





