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Abstract

Bisphenol A (BPA) is an industrial material used to make polycarbonate plastics and epoxy resins. BPA is found
to leach from food and beverage containers. However, BPA is an endocrine disruptor that may interfere with the
body’s endocrine system and affect development in infants and children. The purpose of this study was to
determine the distribution of bisphenol A (BPA) levels in umbilical cord blood and maternal blood. Thirty
maternal blood and 39 umbilical cord blood samples during pregnancy and delivery were obtained from the
hospitals in this study, respectively. Results demonstrated the detection rates of plasma BPA in pregnant woman
and neonates were 26.7% and 51.0%. The maternal BPA concentrations were 0.896 + 6.80 (mean = SD) ng/L,
with a range from <0.48 to 71.7 pg/L. The neonatal BPA concentrations were 1.86 + 3.24 pg/L, with a range
from <0.48 to 26.8 ng/L. The present study showed the fetus was exposed to BPA through umbilical cord blood.
Future research needs to focus on the effects of BPA on fetus growth and development.
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1. Introduction

Bisphenol A (2,2-bis(4-hydroxyphenyl)propane; BPA) is an industrial material used to make plastic products
and epoxy resins [1]. Many food and liquid containers, are made of polycarbonate, or have a lining that contains
BPA [2-3]. Dental sealants, thermal printing paper and polyvinyl chloride plastics can also contain low levels of
bisphenol A [4-6]. Due to its extensive use, humans are frequently exposed to BPA in daily life, which result in
its wide distribution in human blood, amniotic fluid, placenta, breast milk, and urine [7-10]. In addition, BPA has
also been detected in a variety of environmental substances, including water, wastewater, river and sediment [11-
13].

BPA has been reported for endocrine-disruption potentials in a number of in vitro and in vivo studies. In
general, BPA is considered to have weak estrogenic effect [14]. Several studies also indicated that BPA altered
the postnatal growth rate and reproductive function in female mice [15-18]. Low dose of BPA possibly altered
development of the fetal prostate and mammary gland, and decreased efficiency of sperm production in mice
[19-22].

BPA is also suspected to affect development in infants and children. Philippat et al. [23] indicated that
maternal BPA concentrations in urine were positively associated with head circumference of male newborns. In
addition, prenatal exposure to BPA may affect children behavior and increase the risk of wheezing [24-26]. In
Taiwan, the use of plastic products is more common than other developed countries. It is necessary to
investigate the distribution of BPA levels in maternal blood and neonatal cord blood.

2. Materials and Methods

2.1 Chemicals and Reagents

Bisphenol A (BPA) standard (99%) andB-glucuronidase were purchased from Sigma-Aldrich (St. Louis, USA).
HPLC grade methanol and analytical grade ammonium acetate, hydrochloric acid, glacial acetic acid, perchloric
acid were provided by Merck (Darmstadt, Germany). Internal standard of bisphenaol B [2,2-
bis(hydroxyphenol)butane] (99.5%) was obtained from Dr. Ehrenstorfer GmbH (Augsburg, German). Bisphenol



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol.12, No.3, 2022 ||STE

A sulfate sodium salt (95%) and bisphenol A B-Glucuronide (95%) were obtained from Toronto Research
Chemicals (Ontario, Canada).

2.2 Sample collection

Thirty maternal blood samples during pregnancy were obtained from a northern Taiwan hospital. Thirty-nine
umbilical cord blood samples were obtained at delivery from a central Taiwan hospital. All pregnant women
consented to participate in this study, and the bio-sampling process was approved by the institutional review
board of the National Yang-Ming university.

2.3 Sample preparation

The pretreated method of plasma samples was referred to the procedures as reported by Chou et al. [27]. The
plasma (500 pL) was added 500l water, 200 pl of 0.01 M ammonium acetate buffer (pH 4.5) and 4 mL mixture
of n-hexane and diethyl ether. The samples were sonicated for 1 minute, incubated for 10 minute in a shaker bath,
and then 9 uL of 9.187 M perchloric acid was added. After centrifugation at 3,500 rpm for 5 minutes, the organic
layer was evaporated to dryness, and reconstituted with 200 pl of mobile phase (methanol:water 80:20 v/v) for
HPLC system.

2.4 Instrumental analysis

The analytes in blood samples were determined by using a reversed-phase HPLC fluorescent detector. The
reverse-phase column was a Chromolith® RP-18e (100 x 4.6 mm) i.d., 5-um particle size (Merck, Germany)
column. The isocratic mobile phase was a mixture of acetonitrile:water (30:70, v/v), and the flow rate was 1.5
mL/min. The fluorescent detector was operated with an excitation wavelength of 275 nm and an emission
wavelength of 300 nm. The samples were injected in quantities of 20 pL. The limit of detection (LOD) of the
analyte was calculated based on the standard deviation (SD) of seven replicates of the spiked sample. The LOD
was defined as 3 times of the SD. The LOD was determined at 0.48 ng/mL, which was similar to those reported
at 0.6-0.625 ng/mL in some studies [28, 29], but substantially higher than those used in other studies at 0.01
ng/L-0.1 ng/mL [30-36]. Recoveries for BPA in blood samples were 96.9+11.8% (mean+SD).

2.5 Statistical analysis

All statistical analyses were conducted using the SPSS statistical package (SPSS version 18.0, Chicago, IL).
Values below the LODs were replaced with half of the values of LODs. Arithmetic mean and ranges were used
to demonstrate the distribution and disparity of BPA levels in maternal blood urine and neonatal cord blood,
respectively.

3. Results and Discussion

The distributions of BPA levels respectively in the 30 maternal blood samples and 39 fetal umbilical cord blood
samples were shown in Table 1 and Table 2. The BPA detection rate in maternal blood was 27%, which was
similar to that reported at 26.9% in a study [28], but substantially lower than those used in other studies at 67.0-
100% [29-34]. The BPA detection rate in fetal umbilical cord blood was 51%, which was similar to those used in
other studies at 40-47% [29, 35], but substantially higher than those used in other studies at 8-27% [28, 31] and
lower than those used in other studies at 76.3-100% [30, 32-34, 36].

The maternal BPA concentrations were 0.896 + 6.80 (mean + SD) pg/L, with a range from <0.48 to 71.7
png/L, which were similar to those reported for pregnant women from Canada, Korea, the United States, China
and Germany (Table 1). Lee et al. [29] found a mean + SD serum concentration of 9.04 + 14.03 ng/mL (range:
<0.625 to 66.48) in 300 Korean pregnant women. Aris [30] found a mean + SD serum concentration of 1.36 +
1.18 ng/mL (range: <0.01 to 4.46) in 61 Canadian pregnant women. Zhang et al. [31] found a mean + SD serum
concentration of 3.58 + 4.27 ng/mL (range: <0.10 to 29.0) in 30 Chinese pregnant women. Schonfelder et al. [33]
found a mean + SD serum concentration of 4.4 + 3.9 ng/mL (range: 0.30 to 18.9) in 37 German pregnant women.
In the present study, the maternal BPA concentrations were higher than those for 26 Korean pregnant women
(mean + SD: 0.7 + 0.1 ng/mL; Range: <0.6-5.4 ng/mL) in the study of Wan et al. [28], 9 Japsnese pregnant
women (mean = SD: 0.46 + 0.20 ng/mL; Range: 0.21-0.79 ng/mL) in the study of Kuroda et al. [32] and 59
Japanese pregnant women (mean: 0.063 ng/mL; Range: <0.04-0.419 ng/mL) in the study of Yamamoto et al.
[34].

The neonatal BPA concentrations were 1.86 + 3.24 (mean + SD) pg/L, with a range from <0.48 to 26.8
png/L, which were similar to those reported for neonates from Canada, Korea, Germany, the United States, and
France (Table 2). Aris [30] found a mean + SD serum concentration of 1.23 & 1.04 ng/mL (range: <0.01 to 4.60)
in 58 Canadian fetal cord samples. Lee et al. [29] found a mean + SD serum concentration of 1.13 + 1.04 (range:
<0.625 to 8.86) in 300 Korean fetal cord samples. Gerona et al. [35] found a mean + SD serum concentration of
2.18 £ 8.10 ng/mL (range: <0.05 to 52.26) in 85 U.S. fetal cord samples. Fenichel et al. [36] found a mean + SD
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serum concentration of 1.12 £ 0.86 ng/mL (range: 0.14 to 4.76) in 106 French fetal cord samples of control
newborns. On the other hand, our fetal cord BPA concentrations were higher than those for 25 Japanese neonates
(mean: <0.6 ng/mL; range: <0.6-0.7) in the study of Wan et al. [28], 30 Chinese neonates (mean + SD: 0.13 +
0.12 ng/mL; range: <0.10-0.79 ng/mL) in the study of Zhang et al. [31], 9 Japsnese neonates (mean + SD: 0.62 +
0.13 ng/mL; Range: 0.45-0.70 ng/mL) in the study of Kuroda et al. [32] and 285 Japsnese neonates (mean: 0.057
pg/L; Range: <0.04-0.217 ng/mL) in the study of Yamamoto et al. [34].

4. Conclusions

The present study showed that BPA was found in the maternal blood and fetal umbilical cord blood. The
maternal and neonatal plasma BPA concentrations were similar to those reported from Canada, Korea and
Germany, respectively. In order to protect the health of the fetus, it is necessary to limit the use of consumer
products that contain BPA. Future research needs to focus on the effects of BPA on fetus growth and
development.
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Table 1. BPA concentrations in the blood samples of pregnant women from different countries

BPA concentration (ng/mL) Country N Meant£S.D. Range Detection rate
Tsai et al. (the present study) Taiwan 30 0.896+6.80 <0.48-71.7 27%
Aris (2014) Canada 61 1.36 + 1.18 <0.01-4.46 97%

Lee et al. (2008) Korea 300 9.04+14.03 <0.625-66.48 84%
Wan et al. (2010) Korea 26 0.7+0.1 <0.6-5.4 26.9%
Zhang et al. (2013) China 30 3.58+4.27 <0.10—29.0 67%
Kuroda et al. (2003) Japan 9 0.46+ 0.20 0.21-0.79 100%
Schonfelder et al. (2002) German 37 4.4£3.9 0.3-18.9 100%
Yamamoto et al. (2016) Japan 59 0.063 <0.04-0.419 68.8%

Table 2. BPA concentrations in the fetal umbilical cord blood from different countries

BPA concentration (ng/mL) Country N Mean£S.D. Range Detection rate
Tsai et al. (the present study) Taiwan 39 1.86+3.24 <0.48--26.8 51%
Aris (2014) Canada 58 1.23+1.04 <0.01-4.60 95%
Lee et al. (2008) Korea 300 1.13£1.43 <0.625-8.86 40%
Wan et al. (2010) Korea 25 <0.6 <0.6-0.7 8%
Zhang et al. (2013) China 30 0.13+0.12 <0.10—0.79 27%
Kuroda et al. (2003) Japan 9 0.62+0.13 0.45-0.7 100%
Schonfelder et al. (2002) German 37 2.9£2.5 0.2-9.2 100%
Yamamoto et al. (2016) Japan 285 0.057 <0.04-0.217 76.3%
Gerona et al. (2013) [N 85 2.18+8.10 <0.05-52.26 47%
Fenichel et al. (2012) France 106 1.12 + 0.86 0.14-4.76 100%




