Toxicology Reports 8 (2021) 808-815

Contents lists available at ScienceDirect

toxicology

Toxicology Reports reports

ELSEVIER journal homepage: www.elsevier.com/locate/toxrep

L)

Check for

Determination of prenatal exposure to parabens and triclosan and ol
estimation of maternal and fetal burden

Vasiliki Karzi®', Manolis N. Tzatzarakis ®**, Eleftheria Hatzidaki ™ *, Ioanna Katsikantami *,

Athanasios Alegakis®, Elena Vakonaki®, Alexandra Kalogeraki ¢, Elisavet Kouvidi,
Pelagia Xezonaki ©, Stavros Sifakis ©, Apostolos K. Rizos

@ Laboratory of Toxicology, Medicine School, University of Crete, Heraklion, Crete, GR-70013, Greece

b Department of Neonatology & NICU, University Hospital of Heraklion, Crete, GR-71500, Greece

¢ Department of Pathology-Cytopathology, Medical School, University of Crete, Heraklion, Crete, GR-70013, Greece

94 Genesis Genoma Lab, Genetic Diagnosis, Clinical Genetics & Research, Athens, GR-15232, Greece

¢ Mitera Maternity Hospital, Heraklion, Crete, GR-71201, Greece

f Department of Chemistry, University of Crete and Foundation for Research and Technology - Hellas (FORTH-IESL), Heraklion, Crete, GR-71003, Greece

ARTICLE INFO ABSTRACT

Edited by Dr. A.M. Tsatsaka Background: Parabens (PBs) and triclosan (TCS) are generally used as antimicrobials mostly in personal care
products. Their wide prevalence in daily products raised an acute need for the biomonitoring of these con-

Keywords: taminants and the investigation of possible health impacts.

Para]bens Material and methods: In this study we aimed to quantitatively determine PBs and TCS levels in urine and am-

Triclosan

niotic fluid samples using a liquid chromatography — mass spectrometry system (LC-MS). Ninety nine (99)
Amniotic fluid pregnant women took part in this research. The samples were collected during the amniocentesis in the early
Pregnant women second trimester of their pregnancy. Women of all ages, education, household income and profession were
LC-MS selected. The exposure and the burden of pregnant women and their infants were also evaluated.

Results: The most prevalent compound in urine, among the analyzed, was TCS with 74.7 % positive samples while
in amniotic fluid methyl paraben (MePB) with 21.2 % positive samples. MePB was detected at higher concen-
trations in urine (mean: 378.5 ng/mL) followed by TCS (mean: 55.3 ng/mL), ethyl paraben (EtPB) (mean: 23.2
ng/mL) and butyl paraben (BuPB) (mean: 2.3 ng/mL) while benzyl paraben (BePB) was not detected in any urine
sample. Concentrations in amniotic fluid samples were much lower. In particular, the mean concentrations were
6.6 ng/mL for MePB, 9.2 ng/mL for EtPB, 0.4 ng/mL for BuPB, 0.6 ng/mL for BePB and 1.8 ng/mL for TCS. The
detected levels of all analytes in urine were correlated with those in amniotic fluid but no statistically significant
results arose (p >n0.05). Negative associations were observed between amniotic fluid levels of MePB and
maternal age (p = 0.05) while both urinary and amniotic levels of TCS were correlated with maternal BMI (p =
0.04). Somatometric characteristics of the infants showed no statistical significant associations with the detected
levels of PBs and TCS.

Conclusion: This study indicated a strong/possible association between exposure of pregnant women to TCS and
higher/lower maternal body weight gain during pregnancy. The same trend was observed between amniotic fluid
MePB levels and maternal age. However, no statistically significant associations were observed between neonatal
somatometric characteristics or health status and PBs and TCS levels.

Urine

1. Introduction main route of human exposure is personal care products (PCPs), such as
deodorants, shower gels, shampoos, body creams and lotions [1]. PBs

Parabens (PBs) and triclosan (TCS) are phenolic compounds are also used in pharmaceuticals [2] and paper products, like baby
considered as antimicrobial agents with a wide range of activity. The napkins and paper food packages [3], while TCS in paper products and
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oral hygiene products like toothpastes and mouthwashes [4]. Studies
have shown that PBs and TCS are present in wastewater discharges,
entering this way the aquatic environment [1,4]. This fact raises con-
cerns about the actual burden of plant and animal organisms and
therefore human’s burden.

European Union has notified specific guidelines regarding the pres-
ence of PBs and TCS in consumer products. In particular, the maximum
permissible concentration of TCS in cosmetics is 0.3 % [5], while the
corresponding percentage for one paraben (PB) is 0.4 % and for all PBs
0.8 % [6]. USA and Canada have suggested the same limitations [7]
while in Japan the upper limit for PBs in cosmetics has been set to 1.0 %
[8].

Despite the limitations, the widespread use of PBs and TCS has
resulted in the long-termhuman exposure which has raised concerns
about the possible health impacts in the human body. PBs and TCS have
been characterized as endocrine disruptors (EDs) as several studies have
indicated that they affect the proper action of hormones and therefore
the proper function of the endocrine system, leading to several health
problems. Until now, studies indicate that exposure to PBs is correlated
with male (even to the descendants) and female reproductive problems,
breast cancer, increased chance of developing obesity, potential geno-
toxicity, increased sensitivity to allergens and neurotoxic effects [9].
Similar health effects have also been reported for TCS, except for
neurotoxicity. Particularly, male and female reproductive problems [10,
11] as well as cause and enhance of sensitivity to allergens [12,13] have
been correlated with TCS exposure.

The burden of general population usually is estimated by hair anal-
ysis [14-16]. The last two decades, biomonitoring studies focus on
estimating fetus burden by analyzing amniotic fluid [17-19] and
meconium [20]. However, there are very few studies on monitoring of
PBs and TCS in amniotic fluid [21,22] and only one of them correlates
prenatal exposure with maternal urine and amniotic fluid levels [23].
PBs are metabolized in liver and intestine and are excreted in urine as
metabolites of glycine, glycuronide and sulfonide [24], while they are
transferred to the amniotic fluid through placental passive diffusion
[21]. TCS is absorbed by the gastrointestinal tract and excreted in urine
in its glycuronated and sulfonated form [25]. It is also transferred to the
amniotic sac through the placenta [26]. The aim of our study was to
determine methyl paraben (MePB), ethyl paraben (EtPB), butyl paraben
(BuPB), benzyl paraben (BePB) and TCS levels in urine and amniotic
fluid samples of pregnant women using a liquid chromatography — mass
spectrometry system. Biomonitoring data were correlated with maternal
somatometric and socio-economic characteristics, health problems,
nutritional and lifestyle habits as well as infants’ developmental pa-
rameters and health condition. The impacts of prenatal exposure on
infant development and pregnant women’s health were evaluated.

2. Material and methods
2.1. Materials

MePB, EtPB, BuPB, BePB, ethylacetate (High Pressure Liquid Chro-
matography (HPLC) grade), hydrochloric acid (>37 %), ammonium
acetate (BioXtra, >98 %) and solid phase extraction (SPE) cartridges
C18 (100 mg) were purchased by Sigma — Aldrich (St. Louis, MO, USA).
TCS (100 %) was obtained by Honeywell-Fluka (Seelze, Germany),
methanol (LC-MSgrade) and acetonitrile (Liquid Chromatography -
Mass Spectrometry (LC-MS) grade) by Honeywell-RiedeldeHaén
(Seelze, Germany) and phenobarbital-d5 used for internal standard by
Isotec Inc. (Miamisburg, OH, USA). Phosphate buffer saline was pur-
chased from FlukaBiochemika (Steinheim, Switzerland) and p-glucu-
ronidase enzyme from Escherichia coli from Roche Diagnostics
(Mannheim, Germany). Ultrapure water was produced by Merck’s
Direct-Q 3UVwater purification system (Darmstadt, Germany).
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2.2. Study group

Sampling took place at the “Mitera” Maternity Hospital in Heraklion,
Crete. Maternal urine and amniotic fluid samples were collected from
ninety nine (99) pregnant women during the amniocentesis in early
second trimester of their pregnancy. The amniocentesis procedure was
scheduled by the doctor due to one (or more) of the following reasons;
the maternal age, the maternal medical/obstetric history and the health
condition of both mother and fetus. In specific, in Greece, it is almost
obligatory to conduct amniocentesis on pregnant women over the age of
35. Also, in case that the mother, or fetus, had presented any health
problem (e.g. genetic abnormality) either in previous or the current
pregnancy, amniocentesis was necessary to ensure the health of both
mother and fetus.Before sampling procedure, all participating women
were informed about the research and asked to sign participation con-
sent. Samples were collected in screw glass tubes and stored at —20 °C
until analysis. This study was approved by the ethics committee of the
University of Crete (43/22.11.2018).

2.3. Questionnaires’ data

During the sampling, the participants were asked to complete ques-
tionnaires about maternal demographic (e.g., age, education) and
somatometric characteristics (e.g., height, weight, body mass index
(BMI)) before and during pregnancy, nutritional (e.g., consumption of
dairy products) and lifestyle habits (e.g., smoking, alcohol consump-
tion), medical and obstetrical history and the frequency of personal care
products. Six to twelve months after childbirth, additional information
was collected regarding infants’ development (weight, length, head
circumference (HC)) and health condition as well as birth type (normal
or cesarean).

2.4. Amniotic fluid extraction

1 mL of each amniotic fluid sample was placed in glass screw tubes,
since the samples had been centrifuged. Subsequently, 10 pl of
p-glucuronidase enzyme was added to each sample to hydrolyze the
conjugated (glucuronidized) compounds and 250 pl of 0.1 M phosphate
buffer pH 6.5 to create the appropriate environment for the enzyme to
act. The samples were incubated in a water bath at 37 °C for 12 h. After
incubation, 100 pl of 2 M hydrochloric acid were added, followed by
extraction with 2 mL of ethyl acetate. The samples were shaken for 20
min and then the extract, that is the organic phase, was transferred to
glass evaporation tubes. This process was repeated twice, followed by
evaporation to dryness under nitrogen flow, reconstitution of the
evaporation residue in 100 pl of methanol and transfer to 2 mL vials
(inside inserts) for LC-MS analysis.

2.5. Urine extraction

Similar procedure was followed for urine samples. 1 mL of each
sample was placed (after centrifugation) in glass screw tubes and 10 pl of
B-glucuronidase enzyme and 250 pl of 0.1 M phosphate buffer pH 6.5
were added. After overnight incubation at 37 °C, 100 pl of 2 M hydro-
chloric acid were added, followed by extraction with 2 mL of ethyl ac-
etate three times. At this stage of the experimental procedure, an extra
clean step was added using SPE cartridges. In particular, the extracts
were evaporated to dryness and then reconstituted in 1 mL of buffer
solution pH = 2. The cartridges were cleaned and activated using 2 mL
of acetonitrile, 2 mL of acetorintrile:water 1:1 and 2 mL of water. Then,
the samples were loaded and washed with 2 mL of water. After car-
tridges had been dried up, the analytes were extracted using 2 mL of
acetorinitrile : ethyl acetate 1:1. Finally, the extracts were collected,
evaporated to dryness under nitrogen flow, reconstituted in 100 pl of
methanol and analyzed with LC-MS.
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2.6. Instrumentation

A Shimadzu (Kyoto, Japan) liquid chromatography — mass spec-
trometry system (LC-MS 2010 EV model) equipped with an autosampler
was used. Separation of the analytes was achieved using a Supelco
Discovery column C18 (25 cm) (Sigma — Aldrich, St. Louis, MO, USA) at
30 °C stable oven temperature. A gradient of 5 mM ammonium acetate
(solvent A) and acetonitrile (solvent B) were chosen for the analysis of
PBs and TCS. The flow of chromatography was 0.6 mL/min and the total
duration of the run for each sample was 25 min. Atmospheric pressure
chemical ionization (APCI) combined with a quadrupole mass filter in a
selected ion monitoring (SIM) negative mode were used for monitoring
the aforementioned substances. In Table 1, the retention time (Rt) and
the used m/z of each analyte are given.

2.7. Statistical methods

Measures of central tendency (mean, median, min, max) and mea-
sures of dispersion (standard deviation, interquartile range) were used
according to the data normality for the continuous variables. Counts,
percentages and proportions were applied for discrete data. The corre-
lation of discrete variables was tested using Pearson’s y2 test, changes to
paired measurements of discrete data were tested using McNemar for 2
x 2 tables or Mc Nemar-Bowker test for nxn tables. Pearson’s rho co-
efficient was used to estimate correlation of continuous and ordinal
variables. Boxplots were used for representing ordinal and discrete data
and scatterplots were used for examining correlation between contin-
uous variables. IBM SPSS Statistics 24.0 was used for data analysis and a
level of acceptance was set at p = 0.05 level.

3. Results
3.1. Methods validation

Analytical parameters of the applied methods were checked and
evaluated for the target compounds. Standard solutions were prepared
at concentrations 0, 25, 50, 100, 250 and 500 ng/mL and the obtained
calibration curves showed that linearity (R? was >0.99 for all com-
pounds in both matrices. Linearity obtained from spiked samples at
concentrations 0, 5, 10, 25, 50 and 100 ng/mL was similar with that of
standard solutions (R2>0.99).

Recovery (%), accuracy (%) and inter day precision (%) were also
calculated for both urine (three replicates, n = 3) and amniotic fluid
(four replicates, n = 4) and found to be within the accepted values.

Limits of detection (LOD) were calculated using the signal to noise
ratio (S/N); S/N > 3 for LOD. The calculated values were 0.07 ng/mL for
MePB, 0.31 ng/mL for EtPB, 0.12 ng/mL for BuPB, 0.17 ng/mL for BePB
and 0.73 ng/mL for TCS.

3.2. Questionnaires’ data

A total of 99 women participated in the study and the mean age was
35.2 + 5.8 years ranging from 18.0 to 44.0 years. Reported BMI before
pregnancy was 24.4 + 5.6 Kg/m2 (range 16.0-45.4) and the corre-
sponding at the time of amniocentesis was 25.9 + 5.3 Kg/m2 (range

Table 1
Parameters of the analysis.

Rt (min) Target ion (m/z) Secondary ions (m/z)
MePB 13.07 151.05 194.0
EtPB 14.87 165.05 208.1
BuPB 17.87 227.1 287.15
BePB 17.93 193.05 236.05
TCS 22.0 286.95 289.0, 291.0
Internal Standard 12.47 236.05 -
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17.2-46.3) showing a statistically significant increase (p < 0.001) (mean
DBMIL: —1.5 + 1.4).

Medical history of the participating women showed that thyroid
problems were the most common (32.3 %), followed of allergic disor-
ders/diseases (29.3 %), gynecological (24.2 %) and respiratory prob-
lems (7.1 %). Eighty-five mothers accepted to give additional
information about infants’ development (6months — one year after birth)
and possible health issues. Female neonates were 44 (51.7 %) and only 7
female neonates were born pre-term (<37 gestation weeks). Frequency
of pre-term gestation did not differ between male and female neonates
(p = 0.663). Female neonates presented a mean weight at birth 3048 +
559 g which do not differ significantly from male neonates 2981 + 670 g
(p = 0.621). Similar findings were found for neonates’ length vs neo-
nates’ gender (p = 0.790) with a mean length of 50.2 &+ 2.9 cm and for
neonates’ head circumference vs gender (p = 0.949) with a mean HC of
34.7 £+ 1.5 cm. A total of 12 newborns 14.1 % suffered from a disease/
disorder. The most common reported health issues were allergic disor-
ders (10.6 %) followed by respiratory problems (2.4 %) and genital
abnormalities (1.2 %) (Table 2).

3.3. PBs and TCS levels in urine and amniotic fluid

Descriptive statistics of measured PBs (MePB, EtPB, BePB, BuPB) and
triclosan (TCS) are given in Table 3. In amniotic fluid samples the higher
detection rate was observed for MePB (21.2 %) with mean concentration
6.6 + 5.7 ng/mL. Among all the rest compounds, only TCS showed a
detection rate slightly over 5.0 % and only one sample was positive for
each of BePB (0.6 ng/mL) and EtPB (1.3 ng/mL). In urine samples, BePB
was not detected in any sample while for the other PBs the detection rate
ranged from 8.1 % (EtPB) to 64.6 (MePB). TCS was detected in 74.7 % of
the samples.The minimum concentration was observed for TCS (0.7 ng/
mL) and the maximum for MePB (3501.3 ng/mL).

Urinary levels ranged from 5.3 to 3501.3 ng/mL (mean: 378.5 ng/
mL) for MePB, from 0.8 to 81.7 ng/mL (mean: 23.2 ng/mL) for EtPB,
from 1.2 to 7.6 (mean: 2.3 ng/mL) for BuPB and from 0.7 to 615.5. ng/
mL (mean: 55.3 ng/mL) for TCS. The big range of MePB and TCS is
attributed to the fact that these two substances are the most common
used antimicrobials in personal care products. Similar ranges have been
observed in previous studies and other biological matrices, too [27]. In
amniotic fluid samples the corresponding levels were 0.2-18.8 ng/ml
(mean: 6.6 ng/mL) for MePB, 0.2 — 0.6 ng/mL (mean: 0.4 ng/mL) for
BuPB and 0.9-2.4 ng/ml (mean: 1.8 ng/mL) for TCS.

Due to the small prevalence of positive samples for PBs and TCS,
correlation between them was examined only for MePB and the esti-
mated rs was 0.711 (p < 0.001) (Fig. 1).

Table 2
Somatometriccharacteristics of newborns (weight, length and head circumfer-
ence) and reported health problems.

N %N Mean SD P
Female 44 51.8 2981 670  0.621
Weight (gr) Male 41 482 3048 559
Total 85 3013 616
Female 39 50 50.3 2.6 0.790
Length (cm) Male 39 50 50.2 3.3
Total 78 50.2 2.9
Head circumference Female 39 527 347 1.7 0.949
(cm) Male 35 473 347 1.1
Total 74 34.7 1.5
Allergies 9 10.6
Respiratory 9 24
Health problems prob.lems
Genital
. 1 1.2
abnormalities
Total 12 141
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Table 3
Descriptive statistics of levels of PBs and TCS in urine and amniotic fluid.
Positive ~ Mean SD Median Range
(%) (ng/ (ng/mL) (ng/mL)
mL)
MePB 21.2 6.6 5.7 5.0 0.1 -18.8
Amniotic EtPB 1.0 1.3 - 1.3 1.3
fluid BePB 1.0 0.6 - 0.6 0.6
(ng/mL) BuPB 2.0 0.4 0.3 0.4 0.2-0.6
TCS 5.1 1.8 0.7 2.0 09-24
5.3-
MePB 64.6 378.5 664.3 59.6 3501.3
Urine EtPB 8.1 23.2 30.8 8.5 0.8 -81.7
(ng/mL) BePB 0.0 - - - -
8 BuPB  13.1 2.3 17 1.9 1.2-7.6
0.7 -
TCS 74.7 55.3 125.9 10.0 615.5

3.4. Correlation of monitoring results with questionnaires data

Detected levels of PBs and TCS in urine and amniotic fluid were
correlated with the somatometric characteristics of women. Correlation
results are shown in Table 4. It can be seen that there were negative
associations (p < 0.100) between amniotic levels of MePB and mother’s
age (rs=—0.43, p = 0.05). Urinary and amniotic levels of TCS were
correlated (p < 0.100) with mother’s BMI alteration (rs=—0.25, p =
0.04 and rs=-0.90, p = 0.040, respectively) (Figs. 2 & 3 ).

4. Discussion

In the current study we aimed to determine PBs and TCS levels in

Toxicology Reports 8 (2021) 808-815

urine and amniotic fluid samples from pregnant women. Maternal and
fetal exposure as evaluated from biomonitoring data in urine and am-
niotic fluid, respectively, were associated with maternal demographic
and somatometric characteristics as well as daily habits and medical
history. Infants’ somatometric characteristics and health condition were
also correlated with the found levels.

The target compounds were mostly present in urine samples with %
positivity ranging from 8.1 to 74.7 % for urine samples and from 1.0 to
21.2 % for amniotic fluid samples. MePB had the higher detection fre-
quency (21.2 %) and mean concentration level (6.6 ng/mL) among the
detected compounds in amniotic fluid. MePB presented also high
detection frequency (64.6 %) in urine samples but TCS frequency was
even higher (74.7 %). The higher concentration levels in urine were
observed for MePB with mean value 378.5 ng/mL followed by TCS with
mean concentration 55.3 ng/mL. BePB was not detected in urine while
in amniotic fluid there was only one positive sample (0.6 ng/mL).
Additionally, EtPB and BuPB presented very low detection rates in
amniotic fluid (1.0 % and 2.0 %, respectively). This high difference of
detection rates and concentration levels supports existing views that PBs
and TCS has lower biotransformation/metabolism in amniotic fluid than
in urine which leads to insignificant accumulation potential [21,26,28].

Until now there are only three published studies on biomonitoring of
PBs and TCS in amniotic fluid. The detected concentrations in the pre-
sent study are similar with the levels reported in the literature [21-23].
On the other hand, the biomonitoring studies for PBs and TCS in urine
are plenty and our results are similar with the levels in literature. Jamal
and co-authors reported median concentration 14.08 ng/mL
(1.64-65.78 ng/ml) for TCS, 242.51 ng/mL (9.67-744.56 ng/ml) for
MePB, 2.0 ng/mL (<0.25-101.19 ng/mL) for EtPB and 1.42 ng/mL

MePB (ngi/ml) amniotic fluid

rs=0.711, p=0.001

0 1000

2000 3000 4000

MePB (ng/ml) urine

Fig. 1. Correlation of MePB levels in urine and amniotic fluid (rs = 0.71, p = 0.01).

Table 4
Correlationof PBs and TCS levels in urine and amniotic fluid with maternal somatometrics.
Age Weight before pregnancy Weight during pregnancy Dweight BMI before pregnancy BMI during pregnancy DBMI
MePB Rs —0,428 —0,355 —-0,313 0,046 —0,364 —0,405 0,086
Amniotic P 0,053 0,114 0,167 0,842 0,105 0,068 0,712
fluid TCS Rs 0,103 —0,564 —0,700 —0,975 —0,700 —0,700 —0,900
P 0,870 0,322 0,188 0,005 0,188 0,188 0,037
MePB Rs —0,094 —0,069 —0,092 —0,044 -0,109 —0,129 —0,041
P 0,462 0,588 0,472 0,733 0,392 0,315 0,751
EtPB Rs 0,252 -0,167 —0,156 -0,521 —-0,381 —0,524 —0,503
Urine P 0,548 0,693 0,713 0,185 0,352 0,183 0,204
BuPB Rs —0,003 0,242 0,104 -0,209 0,197 0,223 —-0,212
P 0,993 0,426 0,747 0,515 0,519 0,487 0,507
TCS Rs —0,029 0,116 0,067 —0,215 0,041 —0,003 —0,245
P 0,808 0,324 0,574 0,068 0,728 0,977 0,037
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Fig. 3. Correlation of amniotic fluid TCS levels (ng/mL) and mothers’ BMI alteration (kg/mz).

(<0.25-7.43 ng/mL) in urine samples from 189 Iranian pregnant
women [29]. Similar values were published by Hajizadeh and
co-authors who studied the PBs burden in urine samples from 95 Iranian
pregnant women [30]. In particular, the median concentration was 87.0
ng/mL (1.01-955 ng/ml) for MePB, 9.64 ng/mL (<0.015-175 ng/mL)
for EtPB and 8.57 ng/mL (<0.016-97.9 ng/mL) for BuPB (Table 5).
Philippat and co-authors correlated the levels of PBs and TCS in
maternal urine with those in amniotic fluids, and found that urine and
amniotic fluid followed the same trend. For instance, women with high
urinary MePB and TCS concentrations presented also high levels in
amniotic fluid [23]. Although the positivity of the target compounds in
our study was <25 % for amniotic fluids, compounds with high detec-
tion rate in urine samples (MePB 64.6 % and TCS 74.7 %) provided the
higher detection rates in amniotic fluids (MePB 21.2 % and TCS 5.1 %).
According to the literature, urinary PBs levels generally show the
following trend MePB > EtPB > BuPB > BePB. The same distribution/
order is observed in our study, too, and the respective mean concen-
trations are 378.5 ng/mL for MePB, 23.2 ng/mL for EtPB, and 2.3 ng/mL
for BuPB, while BePB was not detected in any sample. Shekhar and co-
authors reported a similar trend for amniotic fluids, specifically MePB >
TCS > EtPB > BuPB, which is also observed in our results [22]. This fact
has been confirmed by Song and his team who found that placental
transfer rates are increased when the molecular weight of PBs is small
[21]. This means that PBs of small molecular weightsuch as MePB, tend
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to be transferred more easily through the placenta to the amniotic sac.
The aforementioned detection order was not observed in a recent study
conducted in the Republic of Korea, in which higher EtPB concentrations
were detected in urine samples. This fact was attributed to the autho-
rization granted by the Korean Ministry of Food and Drug Administra-
tion to use EtPB as a preservative in food stuff [31].

Correlation of maternal demographic characteristics with the
detected levels showed no statistically significant results except for
maternal age which was negatively correlated with MePB levels in
amniotic fluid. There is no such association reported in literature how-
ever Ashrap and co-authors found that urinary PBs levels were higher in
elderly pregnant women [32]. The same association was observed for
TCS, too [33,34]. Studies have indicated that PBs and TCS levels are
higher in women with lower education level [35], but in the current
study there was no such conclusion. PBs levels have found to be higher
when the household income of pregnant women is high, but in the case
of TCS there is a controversy concerning the potential of being positively
[36,37] or negatively [38] correlated with the household income with
the latter opinion being predominant.

In the current study, urinary TCS levels were higher when small BMI
alteration during pregnancy was observed. Li and co-authors also indi-
cated that BMI is possibly associated with TCS [33]. Additionally, high
exposure to PBs has been associated with increased body weight
expressed as BMI [30,39]. It is worth mentioning that higher urinary
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Table 5
PBs and TCS urinary levels (ng/mL) during pregnancy reported in the literature.
N Country  Mean Median  Range Reference
99 Greece 50.6 5.4 0.3-615.5 Current study
1.64 — Jamal et al., 2020
189 Iran 14.69 14.08 65.78 [29]
TCS <LOD - Zhong et al., 2019
10 Israel 57.4 342.9 [61]
<2.4 - Etzel et al., 2017
377 USA 16 1501 [41]
99 Greece 378.5 59.6 5.3~ Current stud
: : 3501.3 Y
9.67 — Jamal et al., 2020
1 I 253.! 242,51 7
89 ran 53.05 42.5 744.56 [29]
Hajizadeh et al.,
MePB 95 Iran 142 87.0 1.01 - 955 2020 [30]
0.42 - Fisher et al., 2017
13 Canada 94.86 1751.18 [62]
9.97 — Messerlian et al.,
12 UsA 104 1182 2017 [63]
99 Greece 23.2 8.5 0.8 -81.7 Current study
<0.25 — Jamal et al., 2020
189 Iran 2.69 2.0 101.19 [29]
<0.015 - Hajizadeh et al.,
EtPB 95 Iran 249 9.64 175 2020 [30]
0.01 - Fisher et al., 2017
1 15.1
3 Canada 5.13 398.03 [62]
Messerlian et al.,
12 USA 9.70 0.77 - 84.1 2017 [63]
99 Greece 2.3 1.9 1.2-7.6 Current study
<0.25 - Jamal et al., 2020
189 Iran 2.01 1.42 159.86 [29]
<0.016 - Hajizadeh et al.,
pupp 00 Iran 14.8 8.57 97.9 2020 [30]
13 Canada  3.28 0-1l6692 Tsheretal, 2017
[62]
12 UsA 1.09 0.04-103 Messerlianetal,

2017 [63]

levels of PBs were detected in pregnant women with increased gain
weight rate and this relation was statistically significant [40], raising
questions concerning the role that fat plays in PBs accumulation.

Infants’ somatometric characteristics have been previously corre-
lated with both TCS and PBs. Previous studies have indicated that birth
length, weight and head circumference tend to be smaller when TCS
levels are high [29,41,42] while in the case of PBs the conclusions are
not so clear. Wu and co-authors reported that when urinary PBs levels
were high, birth weight in boys was also high but girls’ birth weight was
low [43]. Jamal et al. found heavier birth weight in cases that BuPB was
high and also larger head circumference in cases that MePB and BuPB
were high [29]. However, there are studies that cited inverse associa-
tions between birth weight and MePB [44] and EtPB [43] as well as
between MePB and head circumference [45]. As regards birth length,
Etzel et al. reported that is inversely associated with PBs [41].

One of the most debatable issues of PBs and TCS exposure is the risk
that may arise for both the mother and the infant. There are animal
studies that claim preterm birth or miscarriage after animals’ exposure
to PBs and/or TCS [46,47]. Although, this refers to animals, which
means to a little different organisms, this fact raises concerns about
human pregnancies and the effects that exposure to these substances
would cause. It has already been proved that both TCS and PBs are
inversely associated with thyroid hormones (T3, T4, TSH) [48-50], a
fact that is a little bit concerning considering that these hormones define
also infant’s hormones system. Except for the aforementioned, PBs are
also negatively associated with maternal blood pressure [51] and EtPB
has been strongly associated with preterm birth [47]. TCS is associated
with maternal blood pressure [52]. Li and co-authors observed that
there is a high risk of gestational diabetes mellitus when overweight/-
obese pregnant women are exposed to PBs [33] while Kang and
co-authors found significant associations between MePB and EtPB and
oxidative biomarkers [53].
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There are several studies that correlate children exposure to PBs and
TCS with allergies and asthma incidents. However, when it comes to
maternal exposure and infants’ burden only PBs are correlated with
increased asthma rates [54]. The increased maternal progesterone and
estradiol levels associated with TCS and PBs [55] exposure raise con-
cerns about the outcome that they may have in infant’s reproductive
system. There is strong evidence that prenatal exposure to PBs and/or
TCS leads to neurobehavioral problems in descendants. In specific,
lower intellectual functioning, poorer verbal and memory skillsand-
changes in locomotor activity have been observed in children that were
prenatally exposed to these substances [56,57]. Animal experiments
have also shown that gestational exposure to TCS is related
toanxiety-like behaviors, muscle strength and adverse effects in brain
tissue [58], while exposure to PBs negatively affects mitochondrial
function in testicles which leads to ROS (reactive oxygen species) pro-
duction and modulation of antioxidant system in different organs [59].It
is worth pointing out that Michels and co-authors found that exposure
TCS leads to reduction of infants’ telomeres length, an indicator of
biological aging [60].

5. Conclusions

To the best of our knowledge, the current study is one of the very few,
that aimed to correlate maternal and fetal burden to PBs and TCS. Also,
this is of the very few studies that tried to assess the exposure of Greek
women to these substances. The importance of this study lies in the fact
that PBs and TCS are endocrine disruptors strongly correlated with fetus
developmental problems and subsequent postnatal problems in growth.
The study population consisted of women residents of Crete; a big Greek
island which lands away from the mainland. The participants originated
from all social layers with different incomes, education and professions.
This way, we tried to simulate the exposure of Greek women using a
sample size of 99 women. Although urine and amniotic fluid levels of
PBs and TCS were not associated, significant associations arose between
the detected levels and both maternal age and BMI. The correlation
between urine — amniotic fluid levels and neonatal somatometric char-
acteristics as well as neonatal health status did not result in statistically
significant conclusions. This fact may be attributed to the low preva-
lence of the target compounds in the analyzed samples. Nevertheless,
the detection of these compounds in maternal urine and amniotic fluid
raises concerns about the real risk to both mothers and fetuses; hence
further studies must be conducted in order to elucidate it. One fact that
must be taken into consideration is the combined exposure to these
substances and their potential synergistic toxicity [64] as this is a new
era in toxicology that must be explored.

Author statement

Vasiliki Karzi: Investigation, Formal analysis, Writing-review &
editing; Manolis M. Tzatzarakis: Conceptualization, Supervision, Meth-
odology; Eleftheria Hatzidaki: Resources, Validation; Ioanna Katsi-
kantami: Investigation; Athanasios Alegakis: Formal analysis, Data
curation; Elena Vakonaki: Methodology; Alexandra Kalogeraki: Re-
sources; Elisavet Kouvidi: Resources; Pelagia Xezonaki: Resources;
Stavros Sifakis: Resources, Validation; Apostolos K. Rizos: Conceptual-
ization, Supervision.

Declaration of Competing Interest
The authors report no declarations of interest.
Acknowledgments
We would like to thank and express our gratitude to both the preg-

nant women who participated in our research and the staff of Obstetrics
and Gynecology Maternity Hospital “Mitera”.



V. Karzi et al.

References

[1]

[2]

[3]

[4

=

[5

—

[6

iy

[71
[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

M. Giulivo, M. Lopez de Alda, E. Capri, D. Barcel6, Human exposure to endocrine
disrupting compounds: Their role in reproductive systems, metabolic syndrome
and breast cancer. A review, Environ. Res. 151 (2016) 251-264.

L.E. Dodge, K.E. Kelley, P.L. Williams, M.A. Williams, S. Hernandez-Diaz, S.

A. Missmer, R. Hauser, Medications as a source of paraben exposure, Reprod.
Toxicol. 52 (617) (2015) 93-100.

C. Liao, K. Kannan, Concentrations and composition profiles of parabens in
currency bills and paper products including sanitary wipes, Sci. Total Environ. 475
(2014) 8-15.

Scientific Committee on Consumer Safety (SCCS), Opinion on Parabens, 2010,
pp. 1-36.

European Commission, Council Directive 76/768/EEC of 27 July 1976 on the
Approximation of the Laws of the Member States Relating to Cosmetic Products.
Annex VI: List of Preservatives Which Cosmetic Products May Contain, 2010.
Scientific Committee on Consumer Safety (SCCS), Opinion on
Triclosan-Antimicrobial Resistance. SCCP/1251/09, 2010.

M.G. Kirchhof, G.C. de Gannes, The health controversies of parabens, Skin Ther.
Lett. 18 (2013) 5-7.

S.A. Masten, Butylparaben review of toxicological literature butylparaben [CAS no.
94-26- 8], Rev. Toxicol. Literat. (2005) 1-64.

J.A. Ruszkiewicz, A. Pinkas, B. Ferrer, T.V. Peres, A. Tsatsakis, M. Aschner,
Neurotoxic effect of active ingredients in sunscreen products, a contemporary
review, Tox. Rep. 4 (2017) 245-259.

J. Jurewicz, M. Radwan, B. Wielgomas, P. Katuzny, A. Klimowska, P. Radwan,
W. Hanke, Environmental levels of triclosan and male fertility, Environ. Sci. Pollut.
Res. (2017) 1-7.

Z. Lan, T. Hyung Kim, K. Shun Bi, X. Hui Chen, H. Sik Kim, Triclosan exhibits a
tendency to accumulate in the epididymis and shows sperm toxicity in male
Sprague- Dawley rats, Environ. Toxicol. 30 (1) (2015) 83-91.

R.J. Bertelsen, M.P. Longnecker, M. Lgvik, A.M. Calafat, K.H. Carlsen, S.J. London,
K.C. LgdrupCarlsen, Triclosan exposure and allergic sensitization in norwegian
children, Allergy Eur. J. Allergy Clin. Immunol. 68 (1) (2013) 84-91.

J.V. Rodricks, J.A. Swenberg, J.F. Borzelleca, R.R. Maronpot, A.M. Shipp,
Triclosan: A critical review of the experimental data and development of margins
of safety for consumer products, Crit. Rev. Toxicol. 40 (5) (2010) 422-484.

V. Karzi, M.N. Tzatzarakis, E. Vakonaki, T. Alegakis, I. Katsikantami, S. Sifakis,
A. Rizos, A.M. Tsatsakis, Biomonitoring of bisphenol a, triclosan and
perfluorooctanoic acid in hair samples of children and adults, J. Appl. Toxicol. 38
(8) (2018) 1144-1152.

V. Karzi, M. Tzatzarakis, I. Katsikantami, A. Stavroulaki, A. Alegakis, E. Vakonaki,
P. Xezonaki, S. Sifakis, A. Rizos, A. Tsatsakis, Investigating exposure to endocrine
disruptors via hair analysis of pregnant women, Environ. Res. 178 (2019), 108692.
1. Katsikantami, M.N. Tzatzarakis, V. Karzi, A. Stavroulaki, P. Xezonaki,

E. Vakonaki, A.K. Alegakis, S. Sifakis, A.K. Rizos, A.M. Tsatsakis, Biomonitoring of
bisphenols a and S and phthalate metabolites in hair from pregnant women in
Crete, Sci. Total Environ. 712 (2020), 135651.

D. Koutroulakis, S. Sifakis, M.N. Tzatzarakis, A.K. Alegakis, E. Theodoropoulou, M.
P. Kavvalakis, D. Kappou, A.M. Tsatsakis, Dialkyl phosphates in amniotic fluid as a
biomarker of fetal exposure to organophosphates in Crete, Greece; association with
fetal growth, Reprod. Toxicol. 46 (2014) 98-105.

I. Katsikantami, M.N. Tzatzarakis, A.K. Alegakis, V. Karzi, E. Hatzidaki,

A. Stavroulaki, E. Vakonaki, P. Xezonaki, S. Sifakis, A.K. Rizos, A.M. Tsatsakis,
Phthalate metabolites concentrations in amniotic fluid and maternal urine:
cumulative exposure and risk assessment, Toxicol. Rep. 7 (2020) 529-538.

M. Barmpas, E. Vakonaki, M. Tzatzarakis, S. Sifakis, A. Alegakis, T. Grigoriadis, D.
B. Sodré, G. Daskalakis, A. Antsaklis, A. Tsatsakis, Organochlorine pollutants’
levels in hair, amniotic fluid and serum samples of pregnant women in Greece. A
Cohort Study, Environ. Toxicol. Pharmacol. 73 (2020), 103279.

A.M. Tsatsakis, M.N. Tzatzarakis, D. Koutroulakis, M. Toutoudaki, S. Sifakis,
Dialkyl phosphates in meconium as a biomarker of prenatal exposure to
organophosphate pesticides: A study on pregnant women of rural areas in Crete,
Greece, Xenobiotica 39 (5) (2009) 364-373.

S. Song, Y. He, T. Zhang, H. Zhu, X. Huang, X. Bai, B. Zhang, K. Kannan, Profiles of
parabens and their metabolites in paired maternal-fetal serum, urine and amniotic
fluid and their implications for placental transfer, Ecotoxicol. Environ. Saf. 191
(2020), 110235.

S. Shekhar, S. Sood, S. Showkat, C. Lite, A. Chandrasekhar, M. Vairamani,

S. Barathi, W. Santosh, Detection of phenolic endocrine disrupting chemicals
(EDCs) from maternal blood plasma and amniotic fluid in Indian population, Gen.
Comp. Endocrinol. 241 (2017) 100-107.

C. Philippat, M.S. Wolff, A.M. Calafat, X. Ye, R. Bausell, M. Meadows, J. Stone,
R. Slama, S.M. Engel, Prenatal exposure to environmental phenols: concentrations
in amniotic fluid and variability in urinary concentrations during pregnancy,
Environ. Health Perspect. 121 (10) (2013) 1225-1231.

N. Aubert, T. Ameller, J.J. Legrand, Systemic exposure to parabens:
pharmacokinetics, tissue distribution, excretion balance and plasma metabolites of
[14C]-Methyl-, propyl- and butylparaben in rats after oral, topical or subcutaneous
administration, Food Chem. Toxicol. 50 (3-4) (2012) 445-454.

U.S. Food and Drug Administration, Nomination Profile Triclosan [CAS 3380-34-
5], Supporting Information for Toxicological Evaluation by the National
Toxicology Program, 2008.

X. Bai, B. Zhang, Y. He, D. Hong, S. Song, Y. Huang, T. Zhang, Triclosan and
triclocarbon in maternal-fetal serum, urine, and amniotic fluid samples and their
implication for prenatal exposure, Environ. Pollut. 266 (2020), 115117.

814

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Toxicology Reports 8 (2021) 808-815

V. Karzi, M. Tzatzarakis, I. Katsikantami, A. Stavroulaki, A. Alegakis, E. Vakonaki,
P. Xezonaki, S. Sifakis, A. Rizos, A. Tsatsakis, Investigating exposure to endocrine
disruptors via hair analysis of pregnant women, Environ. Res. (2019) 178.

G.K. Roberts, S. Waidyanatha, G.E. Kissling, B.L. Fletcher, M.A.R. Silinski, T.

R. Fennell, H.C. Cunny, V.G. Robinson, C.R. Blystone, Exposure to butyl paraben
during gestation and lactation in Hsd:Sprague Dawley SD rats via dosed feed,
Toxicol. Reports 3 (2016) 774-783.

A. Jamal, N. Rastkari, R. Dehghaniathar, R.N. Nodehi, S. Nasseri, H. Kashani,

M. Shamsipour, M. Yunesian, Prenatal urinary concentrations of environmental
phenols and birth outcomes in the mother-infant pairs of Tehran environment and
neurodevelopmental disorders (TEND) cohort study, Environ. Res. 184 (2020),
109331.

Y. Hajizadeh, G. KianiFeizabadi, K. Ebrahimpour, B. Shoshtari-Yeganeh, S. Fadaei,
M. Darvishmotevalli, H. Karimi, Urinary paraben concentrations and their
implications for human exposure in Iranian pregnant women, Environ. Sci. Pollut.
Res. 27 (2020) 14723-14734.

S. Kim, S. Lee, C. Shin, J. Lee, S. Kim, A. Lee, J. Park, Y. Kho, R.K. Moos, H.M. Koch,
et al., Urinary parabens and triclosan concentrations and associated exposure
characteristics in a Korean population—A comparison between night-time and
first-morning urine, Int. J. Hyg. Environ. Health 221 (4) (2018) 632-641.

P. Ashrap, D.J. Watkins, A.M. Calafat, X. Ye, Z. Rosario, P. Brown, C.M. Vélez-Vega,
A. Alshawabkeh, J.F. Cordero, J.D. Meeker, Elevated concentrations of urinary
triclocarban, phenol and Paraben among pregnant women in Northern Puerto Rico:
predictors and trends, Environ. Int. 121 (2018) 990-1002.

J. Li, W. Liu, W. Xia, H. Zhao, Y. Zhou, Y. Li, C. Wu, H. Liu, B. Zhang, Y. Zhu, et al.,
Variations, determinants, and coexposure patterns of personal care product
chemicals among Chinese pregnant women: a longitudinal study, Environ. Sci.
Technol. 53 (11) (2019) 6546-6555.

H. Frederiksen, J.K.S. Nielsen, T.A. Mgrck, P.W. Hansen, J.F. Jensen, O. Nielsen, A.
M. Andersson, L.E. Knudsen, Urinary excretion of phthalate metabolites, phenols
and parabens in rural and urban Danish mother-child pairs, Int. J. Hyg. Environ.
Health 216 (6) (2013) 772-783.

M. Rolland, S. Lyon-Caen, A.K. Sakhi, I. Pin, A. Sabaredzovic, C. Thomsen,

R. Slama, C. Philippat, Exposure to phenols during pregnancy and the first year of
life in a new type of couple-child cohort relying on repeated urine biospecimens,
Environ. Int. 139 (2020), 105678.

A. Juric, K. Singh, X.F. Hu, H.M. Chan, Exposure to triclosan among the Canadian
population: results of the Canadian health measures survey (2009-2013), Environ.
Int. 123 (2019) 29-38.

A. Lewin, T.E. Arbuckle, M. Fisher, C.L. Liang, L. Marro, K. Davis, N. Abdelouahab,
W.D. Fraser, Univariate predictors of maternal concentrations of environmental
chemicals: the MIREC study, Int. J. Hyg. Environ. Health 220 (2) (2017) 77-85.
C. Jin, Q. Yao, Y. Zhou, R. Shi, Y. Gao, C. Wang, Y. Tian, Exposure to triclosan
among pregnant women in Northern China: urinary concentrations,
sociodemographic predictors, and seasonal variability, Environ. Sci. Pollut. Res. 27
(2019) 4840-4848.

H.S. Kang, M.S. Kyung, A. Ko, J.H. Park, M.S. Hwang, J.E. Kwon, J.H. Suh, H.

S. Lee, G.I. Moon, J.H. Hong, et al., Urinary concentrations of parabens and their
association with demographic factors: a population-based cross-sectional study,
Environ. Res. 146 (2016) 245-251.

Q. Wen, Y. Zhou, Y. Wang, J. Li, H. Zhao, J. Liao, H. Liu, Y. Li, Z. Cai, W. Xia,
Association between urinary paraben concentrations and gestational weight gain
during pregnancy, J. Expo. Sci. Environ. Epidemiol. 30 (2020) 845-855.

T.M. Etzel, A.M. Calafat, X. Ye, A. Chen, B.P. Lanphear, D.A. Savitz, K. Yolton, J.
M. Braun, Urinary triclosan concentrations during pregnancy and birth outcomes,
Environ. Res. 156 (2017) 505-511.

C. Philippat, J. Botton, A.M. Calafat, X. Ye, M.-A. Charles, R. Slama, E. Study
Group, Prenatal exposure to phenols and growth in boys, Epidimiology 25 (5)
(2014) 625-635.

C. Wu, W. Xia, Y. Li, J. Li, B. Zhang, T. Zheng, A. Zhou, H. Zhao, W. Huo, J. Hu, et
al., Repeated measurements of paraben exposure during pregnancy in relation to
fetal and early childhood growth, Environ. Sci. Technol. 53 (1) (2019) 422-433.
C. Chang, P. Wang, H. Liang, Y. Huang, L. Huang, H. Chen, W. Pan, M. Lin,

W. Yang, I. Mao, et al., International journal of hygiene and the sex-specific
association between maternal paraben exposure and size at birth, Int. J. Hyg.
Environ. Health 222 (6) (2019) 955-964.

C. Messerlian, V. Mustieles, L. Minguez-Alarcon, J.B. Ford, A.M. Calafat, I. Souter,
P.L. Williams, R. Hauser, Preconception and prenatal urinary concentrations of
phenols and birth size of singleton infants born to mothers and fathers from the
environment and reproductive health (EARTH) study, Environ. Int. 114 (2018)
60-68.

M.H. Tong, H. Jiang, P. Liu, J.A. Lawson, L.F. Brass, W.C. Song, Spontaneous fetal
loss caused by placental thrombosis in estrogen sulfotransferase-deficient mice,
Nat. Med. 11 (2) (2005) 153-159.

M.T. Aung, K.K. Ferguson, D.E. Cantonwine, T.F. Mcelrath, J.D. Meeker, Preterm
birth in relation to the BisphenolA replacement, bisphenol S, and other phenols and
parabens HHS public access, Environ. Res. 169 (2019) 131-138.

A.M. Aker, L. Johns, T.F. Mcelrath, D.E. Cantonwine, B. Mukherjee, J.D. Meeker,
Associations between maternal phenol and paraben urinary biomarkers and
maternal hormones during pregnancy: a repeated measures study HHS public
access, Environ. Int. 113 (2018) 341-349.

K. Berger, R.B. Gunier, J. Chevrier, A.M. Calafat, X. Ye, B. Eskenazi, K.G. Harley,
K. Harley, Associations of maternal exposure to triclosan, parabens, and other
phenols with prenatal maternal and neonatal thyroid hormone levels HHS public
access, Envoron. Res. 165 (2018) 379-386.


http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0005
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0010
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0015
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0020
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0025
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0030
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0035
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0040
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0045
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0050
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0055
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0060
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0065
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0070
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0075
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0080
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0085
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0090
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0095
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0100
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0105
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0110
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0115
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0120
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0125
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0130
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0135
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0140
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0145
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0150
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0155
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0160
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0165
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0170
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0175
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0180
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0185
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0190
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0195
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0200
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0205
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0210
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0215
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0220
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0225
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0230
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0230
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0230
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0235
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0235
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0235
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0240
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0245
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0245

V. Karzi et al.

[501]

[51]

[52]

[53]

[54]

[55]

[56]

[571

X. Wang, F. Ouyang, L. Feng, X. Wang, Z. Liu, J. Zhang, Maternal urinary triclosan
concentration in relation to maternal and neonatal thyroid hormone levels: a
prospective study, Environ. Health Perspect. 27 (6) (2017), 067017.

C. Warembourg, X. Basagana, C. Seminati, J. de Bont, B. Granum, S. Lyon-Caen, C.
B. Manzano-Salgado, I. Pin, A.K. Sakhi, V. Siroux, et al., Exposure to phthalate
metabolites, phenols and organophosphate pesticide metabolites and blood
pressure during pregnancy, Int. J. Hyg. Environ. Health 222 (3) (2019) 446-454.
H. Liu, J. Li, W. Xia, B. Zhang, Y. Peng, Y. Li, Y. Zhou, J. Fang, H. Zhao, Y. Jiang, et
al., Blood pressure changes during pregnancy in relation to urinary paraben,
triclosan and benzophenone concentrations: a repeated measures study, Environ.
Int. 122 (2019) 185-192.

S. Kang, S. Kim, J. Park, H.J. Kim, J. Lee, G. Choi, S. Choi, S. Kim, S.Y. Kim, H.
B. Moon, et al., Urinary paraben concentrations among pregnant women and their
matching newborn infants of Korea, and the association with oxidative stress
biomarkers, Sci. Total Environ. 461-462 (2013) 214-221.

C. Vernet, I. Pin, L. Giorgis-Allemand, C. Philippat, M. Benmerad, J. Quentin, A.
M. Calafat, X. Ye, I. Annesi-Maesano, V. Siroux, et al., In utero exposure to select
phenols and phthalates and respiratory health in five-year-old boys: a prospective
study, Environ. Health Perspect. 125 (9) (2017) 1-10.

A.Z. Pollack, S.L. Mumford, J.R. Krall, A.E. Carmichael, L.A. Sjaarda, N.J. Perkins,
K. Kannan, E.F. Schisterman, Exposure to bisphenol a, chlorophenols,
benzophenones, and parabens in relation to reproductive hormones in healthy
women: a chemical mixture approach HHS public access, Environ. Int. 120 (2018)
137-144.

E.M. Tanner, M.U. Hallerback, S. Wikstrém, C. Lindh, H. Kiviranta, C. Gennings, C.
G. Bornehag, Early prenatal exposure to suspected endocrine disruptor mixtures is
associated with lower IQ at age seven, Environ. Int. 134 (2020), 105185.

C. Freire, F. Vela-Soria, A. Beneito, M.J. Lopez-Espinosa, J. Ibarluzea, F.B. Barreto,
M. Casas, M. Vrijheid, G. Fernandez-Tardon, I. Riano-Galan, et al., Association of

815

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Toxicology Reports 8 (2021) 808-815

placental concentrations of phenolic endocrine disrupting chemicals with cognitive
functioning in preschool children from the environment and childhood (INMA)
project, Int. J. Hyg. Environ. Health 230 (2020).

S.A. Tabari, M.L. Esfahani, S.M. Hosseini, A. Rahimi, Neurobehavioral toxicity of
triclosan in mice, Food Chem. Toxicol. 130 (2019) 154-160.

M.M. Oliveira, F. Martins, M.G. Silva, E. Correia, R. Videira, F. Peixoto, Use of
Parabens (Methyl and Butyl) During the Gestation Period: Mitochondrial
Bioenergetics of the Testes and Antioxidant Capacity Alterations in Testes and
Other Vital Organs of the F1 Generation, 2020, pp. 1-15.

K.B. Michels, I. De Vivo, A.M. Calafat, A.M. Binder, In utero exposure to endocrine-
disrupting chemicals and telomere length at birth, Environ. Res. 182 (2020),
109053.

J. Zhong, A.A. Baccarelli, A. Mansur, M. Adir, R. Nahum, R. Hauser, V. Bollati,
C. Racowsky, R. Machtinger, Maternal phthalate and personal care products
exposure alters extracellular placental MiRNA profile in twin pregnancies, Reprod.
Sci. 26 (2) (2019) 289-294.

M. Fisher, S. Macpherson, J.M. Braun, R. Hauser, M. Walker, M. Feeley, R. Mallick,
R. Bérubé, T.E. Arbuckle, Paraben concentrations in maternal urine and breast milk
and its association with personal care product use, Environ. Sci. Technol. 51 (7)
(2017) 4009-4017.

C. Messerlian, V. Mustieles, B.J. Wylie, J.B. Ford, M. Keller, X. Ye, A.M. Calafat, P.
L. Williams, R. Hauser, Ultrasound gel as an unrecognized source of exposure to
phthalates and phenols among pregnant women undergoing routine scan, Int. J.
Hyg. Environ. Health 220 (8) (2017) 1285-1294.

M. Goumenou, A. Tsatsakis, Proposing New Approaches for the Risk
Characterisation of Single Chemicals and Chemical Mixtures: The Source Related
Hazard Quotient (HQS) and Hazard Index (HIS) and the Adversity Specific Hazard
Index (HIA). Toxicology Reports, Elsevier Inc., 2019, pp. 632-636.


http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0250
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0250
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0250
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0255
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0260
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0260
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0260
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0260
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0265
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0265
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0265
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0265
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0270
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0275
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0280
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0280
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0280
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0285
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0285
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0285
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0285
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0285
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0290
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0290
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0295
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0295
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0295
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0295
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0300
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0305
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0305
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0305
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0305
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0310
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0310
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0310
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0310
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0315
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0315
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0315
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0315
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0320
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0320
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0320
http://refhub.elsevier.com/S2214-7500(21)00071-8/sbref0320

	Determination of prenatal exposure to parabens and triclosan and estimation of maternal and fetal burden
	1 Introduction
	2 Material and methods
	2.1 Materials
	2.2 Study group
	2.3 Questionnaires’ data
	2.4 Amniotic fluid extraction
	2.5 Urine extraction
	2.6 Instrumentation
	2.7 Statistical methods

	3 Results
	3.1 Methods validation
	3.2 Questionnaires’ data
	3.3 PBs and TCS levels in urine and amniotic fluid
	3.4 Correlation of monitoring results with questionnaires data

	4 Discussion
	5 Conclusions
	Author statement
	Declaration of Competing Interest
	Acknowledgments
	References


