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Summary

Bisphenol A (BPA) is a chemical substance primarily used as a plasticizer in food
packaging production. Unfortunately, it has become a ubiquitous environmental pollutant.
The main route for human exposure is the consumption of contaminated food and beverages.
Contamination can occur during the production and transport, or due to unsuitable storage
conditions; but most common, the contamination is a result of leaching from the packaging
containing BPA. Excess exposure to BPA is associated with various health conditions,
including cardiovascular disorders, diabetes, various types of cancer, hepatotoxicity, and
metabolic and immune function. Literature indicates disrupted endocrine activity and
reproductive problems as the main health concerns in humans. The aim of this paper is to
review and critically discuss the literature that relates occurrence of BPA in food/beverages
and adverse effects on human health, and to point out the most relevant discoveries. So far,
BPA has not been found in unprocessed food, which means that it originates from food and
beverage packaging, especially from plastic packaging and cans. The migration of BPA from
packaging increases during exposure to sunlight and higher temperatures. In addition to food
and beverages, people are exposed to BPA through equipment used in medical treatments.
Therefore, there is a strong need for better and evidence-based recommendations and
regulations related to BPA.
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Introduction

Materials made of plastics are commonly used in everyday life
for various purposes: in packaging, building and construction, the
automobile and electronic industry. The use of plastic materials for
packaging in the food industry has been increasing substantially
during the last few decades (Euronews, 2015), seeing plastic as
a relatively cheap material, which helps in ensuring food safety,
and reduces food waste (European Comission, 2018b). Plastic
materials are used as primary packaging, which is in direct contact
with food, or as secondary packaging, which is often used in food
transportation.

In the bottle filling industry, bottles are made of various
polymers: primary packaging is usually produced of high-density
polyethylene (HDPE) and low-density polyethylene (LDPE),
while polystyrene (PS) is mostly used for insulating packaging
(Guart et al., 2011). According to the reports of Bolgar et al.
(2008) and Piringer et al. (2008), polymers used for packaging
are supplemented by various additives like agents against fogging,
colors, lubricants, antioxidants, UV absorbers, etc. These additives
enhance the characteristics of the packaging, but, unfortunately,
they also make the safety of the packaging questionable due to
the potential diffusion of additives into the packaging-contained
liquids (Biscardi et al.,, 2003). Literature (Biles et al., 1997;
Casajuana et al., 2003; Loyo-Rosales et al., 2004; Le et al., 2008;
Gallart-Ayala et al., 2011) contains reports showing that bisphenol
A (BPA), as one of the additives, ends up in these liquids.

BPA or 2,2-Bis (4-hydroxyphenyl) propane is an organic
compound with two phenol functional groups, and the molecular
formula of (CH,),C(C .H,OH), (Fig. 1). It is a colorless solid at
room temperature; the melting point is between 153 and 156
°C while the boiling point is at 200 °C (U.S. Environmental
Protection Agency, CompTox Chemicals Dashboard). BPA
is combustible and may form explosive dust clouds (Cameo
Chemicals, Chemical Datasheet, 4,4'-isopropylidenediphenol).
It is soluble in organic solvents, but poorly soluble in water. In
its free form, BPA is somewhat lipophilic, with experimentally
determined log P values of 3.32 (U.S. Environmental Protection
Agency, CompTox Chemicals Dashboard). BPA is used as an
intermediate in the production of polycarbonate (PC) plastics and
epoxy resins. PC plastics can be found in various food container
productions, including baby bottles and water bottles. In order to
prevent direct contact of food and metal in the production of food
cans, epoxy resins are used as coating (Cao et al., 2008). BPA is a
known environmental pollutant. In living organisms, BPA mimics
the structure of estrogen, binds to estrogen receptors, and alters
secretion of the hormones. Unfortunately, the human population
is exposed to BPA on a daily basis from various sources because
plastics are used as a substitute for glass packaging (Lee et al.,
2016). Routes of exposure to BPA can be parenteral (dermal and
inhalation) and enteral (digestion) (Kim et al., 2003; Masuda et
al., 2005; Yannai, 2004). However, humans are mostly exposed
through the consumption of food and beverages stored in plastic
containers, bottles and cans (Srivastava et al., 2019). As reported
by Lee et al. (2018), BPA was found in human urine, blood,
placentas, mother’s milk, and umbilical cords.

As researchers are becoming increasingly aware of the risks
that arise from the presence of BPA, they have begun to find
ways to eliminate it. Removal techniques include biodegradation,
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Figure 1. Molecular structure of Bisphenol A
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oxidation, and straining through various membranes (Potakis et
al., 2017; Xiong et al., 2017; Zhao et al., 2018).

The aim of this paper is to review the literature that focuses on
linking the occurrence of BPA in food and beverage items used in
households on an everyday basis, their industrial production and
storage with human health. Exposure through medical equipment
is also included.

BPA has been studied since 1960 (Fregert and Rorsman, 1960)
and the number of papers published per year has been generally
increasing. But, a significant increase in the number of papers
started with the year 2014, around 1.500, to about 16.000 in
period from 2014 to 2020 in Science Direct database only (www.
sciencedirect.com). Therefore, the year 2014 was chosen as the
cutoff point for this review. Since 2014 almost 7.000 research
papers have been published using key words bisphenol A or BPA
and food and environment, according to Science Direct database
(www.sciencedirect.com). Fig. 2. shows ranking of journals
according to number of research papers published, stating those
keywords.
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Figure 2. Rank of top 10 journals according to number of research ar-
ticles containing key words BPA and food and environment published
in the period from January 1%, 2014 to February 15%, 2021
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We presented only a chart using keywords BPA and food and
environment, although the chart using keywords bisphenol A and
food and environment is very similar. In this review, we cited only
articles available through our library system, as well as a great
number of legal documents such as directives, laws, ordinances,
etc.

The Occurrence of BPA in the Environment

BPA in Water

It was reported that the occurrence of endocrine-disrupting
chemicals (EDCs) in aquatic ecosystems could affect the
reproductive systems of animals (Guillette et al., 1994; Oehlmann
etal., 2006; Hayes et al., 2010). These effects are manifested through
infertile eggs, low testosterone levels, a reduction in penis size,
a reduction in anogenital distance, and the feminization of male
organisms. Therefore, the occurrence of BPA in the environment
presents a severe risk not only for related flora and fauna, but for
humans as well.

The European Union, as a community of highly developed
countries, is not immune to BPA occurrence in water. Thus, BPA
concentrations in municipal sewage sludge in Norway ranged
from120 to 6500 ng g (dry weight), while values from 14 to 800 ng
L' were reported for surface waters in the Czech Republic (Sauer et
al., 2021). In surface and near-bottom water of the Gulf of Gdansk,
reported values of BPA were up to 277.9 ng L' (Staniszewska et
al., 2015). The Vistula River, snow melting in the coastal zone, and
atmospheric transportation were pointed as the major sources of
BPA in the Gulf. Factors affecting BPA concentrations are tourism
in the coastal region, water temperature, and dissolved oxygen
concentration. Celi¢ et al. (2020) examined the occurrence of BPA
and other EDCs in the waters of Serbia. The analysis included
municipal and industrial wastewaters, surface waters impacted by
municipal and industrial wastewaters, and drinking waters from
urban and rural areas. BPA was detected in 20 — 47% of examined
samples. The highest concentrations, with values ranging between
6.4 and 338.2 ng L', were detected in industrial wastewaters.
Therefore, it was not surprising that surface waters with industrial
impact were between 1.8 and 105.7 ng L. Municipal wastewaters
had lower BPA concentrations, ranging between 0.5 and 40.9 ng
L', while concentrations of BPA in surface waters with municipal
impact were between 0.6 and 31.2 ng L. The lowest BPA
concentrations were detected in drinking water: those from rural
area had values between 2.6 and 6.2 ng L, while those from urban
areas had a somewhat wider range: between 2.5 and 35.6 ng L.
The generally higher BPA concentration observed in industrially
impacted waters confirms that industrial discharges are important
water-pollution points (Celi¢ et al., 2020).

BPA in Air

Many researches considering exposure to BPA are directed
towards food, water and other consuming products as sources
of human exposure, while dermal exposure and inhalation
from atmosphere are poorly understood. Graziani et al. (2019)
researched the current levels of BPA in particulate matter in urban
areas of Cordoba, Argentina. They analyzed spatial-temporal
trends and the influence of meteorological parameters. The results
showed a decrease in BPA concentration with increased distance
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from emission sources; more precisely, higher BPA levels were
detected in industrial areas, a little lower in the city center, while
the lowest concentrations were detected at the university campus.
Also, a higher prevalence was detected in colder months. The most
influencing variables were wind speed, temperature, atmospheric
pressure, and relative humidity. They also noted that daily values
of BPA in air were unpredictable and depended mainly on the
emission sources and punctual events that released BPA into
the atmosphere. Xue et al. (2016) examined the occurrence of
bisphenols, BPA diglycidyl ethers, and novolac glycidyl ethers in
indoor air in Albany, New York. The authors estimated inhalation
exposure as well. In bulk air, the geometric mean concentration of
BPA was 0.43 ng m-3, with highest concentrations detected in auto
repair shops and cars. The results of the estimation of inhalation
exposure showed that teenagers had the highest exposures to
BPA, with 5.91 ng per day, while the values of body weight (bw)
normalized estimations were the highest for infants, with 0.24 ng
kg bw day’ (Xue et al., 2016).

BPA in Soil

Composted municipal solid waste can affect all aspects of the
environment if it is not properly disposed, seeing as leachate can
contaminate the surrounding soil and waters. Since substances
circulate in nature, contaminants can also reach nearby farmlands,
thereby endangering crops. It was reported (Bahmani et al., 2019)
that BPA, as one of these contaminants, affects the growth and
the development of plants. Results showed that 10 ppm of BPA
on Arabidopsis thaliana reduces fresh weight and inhibits primary
root growth by inhibiting cell elongation and the division of the
main root. Langdon et al. (2019) studied preliminary human
health and assessed the ecological risk for organic contaminants in
composted municipal solid waste generated in New South Wales,
Australia in order to identify and prioritize contaminants. Phenols
were primarily characterized as high-priority contaminants, but
the authors noted that this assessment was likely to be overly-
conservative because of their rapid degradation in soil. Other
contaminants were found in concentrations ranked below the
screening criteria and below the limit of reporting.

Exposure to BPA through Consumption Goods

BPA in Food

Exposure to BPA through food has been researched since
1982, mostly based on various plastic and metal food packaging
(National Toxicology Program, 1982.). Frozen food is most
often packed in plastic bags or in plasticized cardboard boxes,
while fresh food is often found in plastic containers. Milk and
dairy products can be packed in Tetra Pak® packaging and PET
(polyethylene terephthalate) bottles. It is known that chemicals
like BPA can migrate from food packaging into the food and thus
cause risk to human health.

According to Gorecki et al. (2017), the main route of human
exposure to BPA is food. They based their research on previous
estimates in which almost 20% of dietary exposure to BPA in
the French population was from food of animal origin, but they
pointed out that the source of the contamination had not been
precisely identified. Therefore, they decided to analyze 322
samples of non-packed meat. Their main objectives were to update
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the estimation of the exposure of the French population, and to
identify the source of contamination of these foodstuffs. Their
results showed that the contribution of meat to the total dietary
BPA-exposure of pregnant women, adults, and children, was up
to three times lower than the previous estimates. Conjugated
forms of BPAs were not detected in the analyzed samples, which
led to the conclusion that BPA content in the analyzed meat
was present not due to animal metabolism, but that it arose
postmortem, i.e., during food production. As in the previous
researches, Gorecki et al. were unable to specifically identify the
sources of contamination. Another research regarding food was
published by Adeyi and Babalola (2019). The authors compared
unprocessed food with canned food. In packed food, the highest
concentrations were found in vegetable oils (0.41 - 28.4 ng g),
while in palm oils the concentrations of BPA ranged between 2.35
and 11.6 ng g'. In canned beef, the concentration of BPA ranged
between 5.88 and 21.3 ng g'; in canned chicken, it ranged between
2.94 and 6.36 ng g, while no BPA was detected in raw meat. These
results regarding meat also show that the main source of BPA in
meat is the production processes. Researchers also examined food
of aquatic origin. In frozen fish, the concentrations of BPA ranged
between 0.78 and 7.85 ng g, in dried fish between 2.28 and 9.40
ng g, in canned fish between 1.66 and 26.3 ng g, and in crayfish
between 1.20 and 13.0 ng g'. When studying dairy products, the
authors examined raw cheese, wherein BPA was not detected,
processed cheese, wherein the concentrations of BPA ranged
between 1.45 and 3.43 ng g, and evaporated milk or unsweetened
condensed milk, with BPA concentrations ranging between 0.20
and 4.80 ng g’. In samples of aquatic food and dairy products,
higher concentrations were again found in canned food, thereby
confirming previous conclusions.

The potential uptake and distribution of BPA in edible crops
were determined based on examining lettuce and tomato, both
grown in a greenhouse (Lu et al., 2015). Simulated reclaimed water
was spiked with BPA at environmentally relevant concentrations.
The results showed higher concentrations in lettuce (80.6 — 128.9
pg kg' BPA) than in tomatoes (18.3 - 26.6 pg kg' BPA). The
results also showed that the estimated daily intake of BPA through
the consumption of vegetables ranged between 8.9 and 95.1 pg,
depending on the exposure route.

By examining the occurrence of bisphenols and related
compounds in honey from European and non-European
countries, as well as from a food simulant, all stored in selected
corresponding containers, Cesen et al. (2016) noticed that honey
samples contained BPA in concentrations of up to 107 ng g, while
BPA concentrations in the food stimulant were up to 42.2 ng mL™.
The authors suggested that the detected BPA in honey probably
derived from a source other than the final packaging.

Another way of food and beverage exposure to BPA is the
usage of packaging the inner surface of which is covered by
plastic film (paper boxes). In the research of Sungur et al. (2014),
various foodstuffs packed in paper boxes (milk, fruit juice, cream,
pudding, and tuna) were compared with foodstuffs packed in glass
jars and metal cans (green peas, garniture, corn, tomato paste,
pepper paste, pickles, mushrooms and beans). The lowest BPA
concentrations were found in food that was packed in glass jars,
ranging between “not detected” and 399.21 ug kg™, then in those
from paper boxes, ranging between 36.48 and 554.69 pg kg, and,
finally, the highest concentrations were detected in canned food,

ranging between 21.86 and 1858.71 ugkg'. A comparison between
the results with expiration dates and the amount of sodium
chloride and glucose led to the conclusion that the amount of BPA
increased with an increase in the amount of glucose and NaCl, as
well as by the food being closer to the expiration date.

Commercial milk-based dairy products, such as milk, milk
powder, reconstituted and fermented milk, are made by different
production processes during which final products can be
contaminated with BPA (Cui et al., 2020).

Cheng et al. (2017) developed the UHPLC-MS/MS method for
a high throughput screening of 21 bisphenols, BP diglycidyl ethers
and their derivatives in dairy products. They analyzed 23 dairy
products from a local market and found 12 target analytes in seven
samples. BPA was detected in three samples of milk beverages in
concentrations ranging between 33.8 and 127.2 ug kg™. Since all
three milk beverages were packed in metal cans with metal lids, the
authors assumed that BPA had probably leached from the internal
protective lining of the packaging. Santonicola et al. (2019)
examined concentrations of BPA in cow milk samples collected
on the farm through manual or mechanical milking, and those
from the cooling tank. The lowest concentrations were detected
in mechanically milked samples (mean concentration of 0.580
pg L), then in manually milked samples (mean concentration of
0.757 ug L"), while the highest ones were detected in milk from
the cooling tank (mean concentration of 0.797 ug L*). Although
all concentrations were below the tolerable daily intake (TDI)
recommended by the European Food Safety Authority (EFSA) (4
ug kg! bw), the researchers concluded that this presented a public
health concern. Sturm et al. (2020) exposed lactating dairy sheep
to repeated dietary and subcutaneous administration of 100 pg
kg bw. The results implied that, most likely, only free BPA could
cross the barrier between blood and the mammary gland. Less
than 0.1% of the dose was found in milk samples, leading to the
conclusion that the main source of BPA in milk was leaching from
packaging.

The most infant formulas are based on cow’s milk (American
Academy of Pediatrics, 2020). According to Cirillo et al. (2015),
BPA concentrations in infant formulas were between 0.003 and
0.375 ug g'. The authors did not report significant differences
in BPA concentrations between liquid and powdered milk.
Therefore, they concluded that contamination was more related to
the production process, rather than to leaching from containers.

Several researchers examined breast milk and commercial milk
based infant formulas. Their results showed higher concentrations
of free BPA in commercial than in breast milk, indicating that
breastfeeding should always be the first feeding option in early life
(Martinez et al., 2019). Very low concentrations of BPA in breast
milk were confirmed by research performed on women in France
(Deceuninck et al. 2015); the concentrations were between <LOQ
and 1.16 pg kg'. A similar research was conducted in Canada,
where total BPA was detected in 25.9% of the examined human
milk samples, in concentrations between <0.036 and 2.5 ng g,
while free BPA was detected in 16.5% of the examined samples,
in concentrations ranging between <0.036 and 2.3 ng g. Based
on the low frequency of detection of free BPA in human milk
samples, the researchers concluded that dietary exposure to BPA
for Canadian breast-fed infants was expected to be somewhat
lower compared to exposure of formula-fed infants (Cao et al,
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2015).

Humans can also be exposed to BPA through food contacting
papers (FCP). Accordingly, Zhou et al. (2015) analyzed FCPs
on BPA and its chlorinated byproducts. They took 74 FCP
samples from all around the world (mostly China, USA, Japan,
and Europe). BPA was widely detected in FCP samples, but in
concentrations below LOQ, which was 83 ng g'. Chlorinated
byproducts were detected in less than half of the samples, and
their concentrations mainly depended on the bleaching processes
used in paper production. Furthermore, it was shown that BPA,
and some of its chlorinated byproducts, could migrate from coffee
filters into the coffee solution.

BPA exposure by diet can also affect other species. Thus,
the analysis of canned dog food (Koestel et al., 2017) showed
the presence of BPA which, in a two-week exposure, caused a
significant increase in the concentration of circulating BPA in
blood and fecal samples. Furthermore, the results suggested a
positive correlation between elevated BPA concentrations and
increased plasma bicarbonate concentrations, which can be
associated with fecal microbiome alterations. Short-term feeding
by canned food increased the circulating BPA concentrations in
dogs comparable to the amounts detected in humans. Greater
BPA concentrations were associated with serum chemistry and
microbiome changes. Since dogs share our internal and external
environments, their health should also be considered when it
comes to the exposure to various chemicals, including BPA.

BPA in Drinking Water and Beverages

Drinking water and beverages can be found in various
packaging as well. Drinking water from water supply systems is
usually transported to the end user through plastic pipes made of
polyethylene (PE) or polyvinyl chloride (PVC). Bottled drinking
water and non-alcoholic beverages are often packed in glass and
PET bottles, while alcoholic beverages are most often packed in
glass bottles.

The evaluation of potential exposure of a significant part of
the French population to alkylphenol and bisphenol contaminants
due to water consumption (Colin et al., 2014) showed that
concentrations of target compounds were lower in treated water
than in the raw one, which implied a relative effectiveness of
certain water treatments for the elimination of these compounds.
The analysis of tap water (Cheng et al., 2016) supplied through
PVC pipes, stainless steel and galvanized pipes showed higher
concentrations of BPA in PVC pipes than in stainless steel and
galvanized ones. This suggests that PVC pipes are a potential
source of human exposure to BPA. In addition, Rajasdrkka et al.
(2016) found that leaching of BPA from different age epoxy lining
in drinking water pipes was increasing with older technology and
warmer water. Preliminary research of drinking water in Pretoria
and Cape Town, using yeast estrogen screen, showed estrogenic
activity; therefore, Van Zijl et al. (2017) examined samples of
drinking water taken from various distribution points. The
samples were collected seasonally over four sampling periods. The
analysis revealed occurrence of BPA (0.01 to 28.83 ng L), but the
levels were comparable with data obtained from other countries
and were considered acceptable. Nevertheless, an acceptable
health risk associated with the consumption of drinking water
from water supply system remains. The determination of leaching
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potential and leaching kinetics of BPA from various plastic
containers exposed to UV light (Rowell et al., 2016) showed
that BPA was leaching from containers made from PC plastics
only, and that the health risks from the consumption of bottled
water increased after UV exposure. Chevolleau et al. (2016) used
bioluminescent assays for the detection of hormone-like activities
in natural mineral water bottled in glass and PET packaging; the
packaging was exposed to various storing conditions, and the
results were negative. However, they found estrogenic activity
in filtered tap water, indicating that the filters themselves might
be a source of BPA. Fan et al. (2014) investigated the effects of
storage temperature and contact time on the leaching of BPA
from PET bottles into the water they contained. They analyzed
water after one week of storage at three temperatures: 4, 25 and
70 °C, and found that the BPA concentration increased more at
higher temperatures. The monitoring of leaching over a longer
contact period indicated that BPA concentration in water was
continuously increasing until the fourth week of contact, but
decreased after that point, implying that PET bottles may become
stable after a certain contact period.

Other Ways of Exposure to BPA

One of the ways to be exposed to BPA is through medical
treatments. Therefore, Gatimel et al. (2015) examined plastic
consumables used for assisted reproductive technology (ART).
BPA was not detected in the culture or the ART medium, syringes,
tubes, plastic dishes, syringe stoppers, or pipette tips. It occurred
in catheters for embryo transfer, and one type of syringe for
embryo transfer in concentrations ranging between <LOQ (0.5
ng mL"') and 0.6 ng mL". In three types of strippers for oocyte
denudation, concentrations of BPA ranged between 0.30 and 0.61
ng mL". Even though the research indicated leaching of BPA, the
concentrations were relatively low. However, to be sure, Gatimel et
al. recommended the usage of borosilicate glass strippers instead of
PC made ones. Newborns in neonatal intensive care units (NICUs)
are also in contact with various medical products. Those products
were examined by Iribarne-Durdn et al. (2019), who found
BPA in three-fifths of the tested NICU items. The highest mean
concentrations of BPA were detected in the three-way stopcock
(>7.000 ng g), then in patterned transparent film dressing (688
ng g'), gastro-duodenal feeding tubes (301.1 ng g), sterile gloves
(140.5 ng g), single-lumen umbilical catheters (130.4 ng g?),
and in extension sets for intravenous infusion (112.7 ng g"). The
detected levels of BPA call for further research which would reveal
the possible consequences for newborns and would help assess
the exposure risk. Gaynor et al. (2019) examined concentrations
of BPA in urine of neonates undergoing a cardiac operation, as
well as their mothers. The concentrations of BPA in mother’s
urine ranged between 0.8 and 1.9 pug L, while, in infant’s urine,
they were between 7.3 and 13.3 pug L for preoperative samples,
and between 10.8 and 18.0 mg L' for postoperative samples.
Obviously, the infants were exposed to BPA through medical
equipment used in cardiac operations. According to Maserejian
et al. (2016), the increase in BPA concentrations in urine samples
can also occur after the placing of bis-GMA-based restorations in
children and adolescents. Overall, mean change in urinary BPA
concentrations between pretreatment and the first day after the
treatment was 1.71 ng mL"; the change between pretreatment and
the third visit was 1.97 ng mL", and between pretreatment and

acs

Agric. conspec. sci. Vol. 86 (2021) No. 4



300 | Rea JANDA, Sime UKIC, Nataga MIKULEC, Ksenija VITALE

the final visit (approximately after six months) it was 0.29 ng mL™.
It seems that the placement of a higher number of composites in
children and adolescents was associated with a greater increase
in urinary BPA concentrations recorded the first day after the
treatment, but no significant increase was detected 14 days or six
months after the treatment. Other analyses showed a decrease in
BPA concentrations in urine compared to those in pretreatment.

Bacle et al. (2016) investigated the potential overall exposure
to BPA during hemodialysis treatment in patients suffering from
end-stage renal disease. Their results showed a corroboration
of the hypothesis stating that a significant amount of BPA may
migrate from dialyzers. Furthermore, the results indicated that
BPA came from the water used in dialysate production (8.0 + 5.2
ng L' on average), as well as through the dialysis machine and
dialysate cartridges, which leads to a dialysate contamination of
22.7 +15.6 ng L on average. The authors considered all sources of
BPA contamination during a hemodialysis session and calculated
that the highest daily exposure of hemodialyzed patients could
reach up to 140 ng kg bw.

The Effects of BPA on the Human Health

There are four paths by which a substance can enter the body:
inhalation, skin (or eye) absorption, ingestion, and injection.
Once the substance is absorbed into the body, it is commonly
metabolized; nevertheless, it can be stored in the body or excreted
from the body as well. Hazardous substances are not always
harmful only in their original form; very often metabolism
byproducts of these substances are also harmful, sometimes even
more harmful than the original substance. For example, chlorine
is used for water disinfection, and, in proposed concentration,
does not present a risk for human health; yet, some disinfection
byproducts are carcinogenic (University Nebraska, 2012).

Performing test on animals is a common approach in
studying the adverse effects of potentially hazardous substances.
Consequently, the research of Kim et al. (2004), performed on rats,
showed that the blood-brain barrier is ineffective in preventing
BPA transfer from plasma to brain, and that the liver has a higher
tissue load than the kidney. In another research (Srivastava et al.,
2019), female Wistar rats were exposed orally to 5, 50, 300, 600
and 800 mg of BPA kg' bw week-1 that was mixed in olive oil
and administered every 168 h for 3 months, continuing through
the mating, gestation, and lactation processes. The results showed
that rats exposed to BPA exhibited a decrease in the fertility
rate and the weight of reproductive organs (ovary and uterus),
accompanied by significantly decreased levels of hormones in the
non-pregnancy phase.

Another way of exposure that should be considered is prenatal
exposure. Lee et al. (2019) investigated the effect that prenatal
exposure to multiple environmental pollutants (including
bisphenols) had on birth weight. The results indicated that exposure
had a negative effect (decreasing of birth weight), even in cases
where pollutants were in levels below the concentration assumed
as required for direct effect. Prenatal exposure to EDCs, including
BPA, is associated with various health problems, such as obesity
and diabetes diseases in childhood, as well as with reproductive,
behavioral and neurodevelopment problems. The estimation of

prenatal exposure to BPA through food consumption of pregnant
women living in Tarragona County (Spain) showed that canned
fruits and vegetables, followed by canned meat and meat products,
were the major contributors to the total dietary intake of BPA
(Martinez et al., 2017). Despite dietary variations among the
participants, the intake of the chemical was considerably lower
than the respective TDI value established by the EFSA. Internal
dosimetry showed that BPA might have a greater effect on
developing organs in young or unborn children than in fetuses
(Martinez et al., 2017).

Early-life chronic exposure to various environmental
contaminants, including BPA, may affect central tissues and
cause inflammation and apoptosis with severe implications for
metabolism. The Developmental Origins of Health and Disease
(DOHaD) concept articulates events in the developmental phases
of life, such as intrauterine, lactation, and adolescence, to later-
life metabolism and health. During these developmental phases,
humans are more susceptible to environmental changes, which
may cause various health problems later in life (Almeida et al.,

2019). Some of the problems are obesity, metabolic syndrome, etc.

The accumulation of BPA in a human body can cause many
health problems: from easy-to-repair single-strand DNA breaks
(SSBs) to error-prone double-strand DNA breaks (DSBs). Jalal et
al. (2018) found that the human liver could efficiently metabolize
BPA via glucuronidation and sulfation pathways, but the by-
product of metabolism, bisphenol-o-quinone could act as a DNA
adduct. In addition, they analyzed how BPA could interact with
several signaling pathways that might eventually lead to disease
morphology, and even tumorigenesis. Even though they found no
clear link between BPA and carcinogenicity, Jalal et al. suggested
conducting further research. Various studies (Bodin et al., 2014,
Ahn et al., 2018; Howard, 2019) were conducted on the connection
between BPA exposure and the development of type 1 diabetes
mellitus (T1DM). The studies included prenatal exposures,
exposures during childhood, and exposures in adults over 21.
The results implied that BPA might increase the risk of TIDM,
but further research is necessary. Radwan et al. (2018) examined
the correlations between BPA concentrations in urine and semen
quality. The median concentration of BPA in urine was 1.87 ug L™,
quantified in more than 98% of the analyzed samples. The results
showed an increase in total sperm sex chromosome disomy and in
the percentage of immature sperm, while motility was decreased.
Despite the fact that the authors concluded that BPA exposure
was associated with poorer semen quality, they suggested future
studies to confirm their statement. BPA also decreases anogenital
distance after prenatal exposure as described by Mammadov et
al. (2018). In their research, the authors measured the anogenital
distance in newborns, and BPA levels in the cord blood. The mean
anopenile distance was 45.2+6 mm, and anoscrotal distance was
21.9£5.4 mm in boys; the mean anoclitoral distance was 33.8+6.6
mm, and the mean anofourchette distance was 12.2+4.9 mm in
girls. The mean cord blood BPA level was 4.75+2.18 ng mL". The
results showed a statistically significant correlation between the
anoscrotal distance and high cord blood BPA levels above the 90th
percentile in boys, while changes in anogenital distance in girls
were not statistically significant.
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Detecting BPA

BPA concentrations have been detected in various matrices,
from environmental ones, like air, soil, and water, to food and
biological matrices, such as urine, blood, breast milk, umbilical
cord, placenta, etc. Therefore, the main concern in BPA analysis is
sample preparation, while detection itself is usually based on gas
chromatography (GC) or liquid (LC) chromatography coupled
with mass spectrometry (MS) detection. In method development,
it is desirable to have LOD and LOQ as low as possible, especially
for trace materials.

Cao etal. (2018) tested solid phase extraction (SPE) as a sample
preparation method for GC-MS analysis, and got acceptable
values of recovery for various matrices, including water and some
beverages. They successfully determined BPA concentrations
ranging between 0.022 and 0.030 ng g™* for products packed in PET
bottles, and between 0.085 and 0.320 ng g* for canned products.
In order to improve the LC-MS method, Pernica et al. (2015)
applied pre-column derivatization by dansyl chloride, which
significantly increased method sensitivity (up to 1000 times).
The optimal conditions, in terms of achieving high sensitivity,
included acetonitrile as the solvent, a reaction performed during
60 min at 60 °C, a pH value set to 10.5, and a concentration of
dansyl chloride of 0.5 mg mL™. Linear calibration was performed
in a concentration range of 1-1000 ng mL", with LOD and LOQ
values ranging between 0.02 and 0.25 pg per injection, and
between 0.08 and 0.83 pg per injection, respectively. The median
BPA concentration obtained for bottled waters was 4.7 ng L.

One of the modern approaches in analytical chemistry is
the application of biosensors, which generally provides rapid
determination with high sensitivity and specificity; the low-
cost of this approach is its additional great feature. Mirzajani et
al. (2017) developed a biosensor for the determination of BPA.
It allowed single step detection of BPA within 20 seconds in a
range between 0.001 and 10 pM, with a LOD value of 152.93 aM.
Successful testing of the developed BPA biosensor (performed on
canned foods) confirmed the high potential of this approach and
its application in on-site food monitoring.

Legislation Regarding BPA

BPA has become one of major concerns of regulatory agencies
all around the world. According to the U.S. Environmental
Protection Agency (U. S. Environmental Protection Agency,
2010), the intake limit for BPA is 0.05 mg kg 'bw day”, while the
EFSA and the European Commission (EC) have significantly
lower TDI values to 0.004 mg kg bw day™. The EC has also set a
specific migration limit for BPA in food of 0.5 mg kg (European
Food Safety Authority, 2015; European Comission, 2018a; U.S.
Environmental Protection Agency. 2010).

BPA is still permitted for use in food contact materials and
medical equipment in the European Union. Nevertheless, stricter
measures regarding BPA are being gradually introduced. Thus,
BPA has been prohibited in manufacturing PC infant feeding
bottles since 2011, and some countries, like France, have already
forbidden the production of food containers containing BPA (The
European Food Information Council, 2014). A similar situation
is noted in other developed world countries. In the United States,
13 states banned BPA from various products, mostly those
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made for children. For example, in 2011, California prohibited
the manufacture, sale and distribution of bottles or cups which
contain BPA at a detectable level above 0.1 parts per billion, if the
containers were designed for children three years of age or younger;
Delaware prohibited the sale of bottles or cups containing BPA
if those containers were designed for children under four years
of age (National Conference of State Legislatures, 2015). Some
authors point out that, unfortunately, there are practically no BPA
restrictions in developing countries across Africa, South-East
Asia, and South and Central America (Baluka et al., 2016). On
the other hand, in Singapore, baby bottles and cups are no longer
made from PC plastics but from polyether sulfone (PES) plastic,
which does not contain BPA (Singapore Food Agency, 2017).

Conclusion

Recent literature provides increasing evidence showing that
environmental BPA can be adverse for human health, particularly
in everyday consumer behavior, due to the biologically relevant
BPA levels that can be found in food containers and beverage
bottles. The endocrine disrupting potential is the most researched,
but BPA has been related to reproductive and developmental
effects, metabolic diseases, neurological and behavioral diseases
as well. Therefore, understanding both the source and the extent
of exposure, is critical for translating scientific findings into public
health intervention and monitoring strategies in order to promote
policy changes.

Acknowledgements

The authors would like to acknowledge the financial support
of the Croatian Science Foundation through project entitled
Advanced Water Treatment Technologies for Microplastics Removal
(AdWaTMIR, IP-2019-04-9661) and of the Operational Program
for Competitiveness and Cohesion 2014 - 2020 through the
project entitled The Potential of Microencapsulation in Cheese
Production (KK.01.1.1.04.0058).

References

Adeyi A. A., Babalola B. A. (2019). Bisphenol-A (BPA) in Foods
Commonly Consumed in Southwest Nigeria and its Human Health
Risk. Sci Rep 9: 17458.doi: 10.1038/s41598-019-53790-2

Ahn C,, Kang H. S, Lee J. H., Hong E. ], Jung E. M., Yoo Y. M,, Jeung E.
B. (2018). Bisphenol A and Octylphenol Exacerbate Type 1 Diabetes
Mellitus by Disrupting Calcium Homeostasis in Mouse Pancreas.
Toxicol Lett 295: 162-172. doi: 10.1016/j.toxlet.2018.06.1071

Almeida D. L., Pavanello A., Saavedra L. P, Pereira T. S., de Castro-Prado
M. A. A,, de Freitas Mathias P. C. (2019). Environmental Monitoring
and the Developmental Origins of Health and Disease. ] Dev Orig
Health Dis. 10 (6): 608-615. doi: 10.1017/52040174419000151

American Academy of Pediatrics. (2020). Choosing an Infant Formula.
Available at: https://www.healthychildren.org/English/ages-stages/
baby/formula-feeding/Pages/Choosing-an-Infant-Formula.aspx
[Accessed 17 09. 2020].

Bacle A., Thevenot S., Grignon C., Belmouaz M., Bauwens M., Teychene
B., Venisse N., Migeot V., Dupuis A. (2016). Determination of BPA
in Water and the Medical Devices Used in Hemodialysis Treatment,
Int J Pharm 505 (1-2): 115-121. doi: 10.1016/j.ijpharm.2016.03.003]

Bahmani R., Kim D., Modareszadeh M., Thompson A. J., Park J. H., Yoo
H. H., Hwang S. (2019). The Mechanism of Root Growth Inhibition
by the Endocrine dDsruptor BPA (BPA). Environ Pollut. 257: 113516.
doi: 10.1016/j.envpol.2019.113516

acs

Agric. conspec. sci. Vol. 86 (2021) No. 4



302 | Rea JANDA, Sime UKIC, Nataga MIKULEC, Ksenija VITALE

Baluka S. A., Rumbeiha W. K. (2016). BPA and Food Safety: Lessons from
Developed to Developing Countries, Food Chem Toxicol 92: 58-63.
doi: 10.1016/j.fct.2016.03.025

Biles . E., McNeal T. P., Begley T. H., Hollifield H. C. (1997). Determination
of Bisphenol-A in Reusable Polycarbonate Food-Contact Plastics and
Migration to Food-Simulating Liquids. ] Agric Food Chem 45 (9):
3541-3544. doi: 10.1021/j£970072i

Biscardi D., Monarca S., De Fusco R., Senatore E, Poli P, Buschini A.,
Rossi C., Zani C. (2003). Evaluation of the Migration of Mutagens/
Carcinogens from PET Bottles into Mineral Water by Tradescantia/
Micronuclei Test, Comet Assay on Leukocytes and GC/MS. Sci Total
Environ 302 (1-3): 101-108. doi: 10.1016/S0048-9697(02)00349-2

Bodin J., Belling A. K., Becher R., Kuper E, Lovik M., Nygaard U. C.
(2014.) Transmaternal Bisphenol A Exposure Accelerates Diabetes
Type 1 Development in NOD Mice. Toxicol Sci 137 (2): 311-323. doi:
10.1093/toxsci/kft242

Bolgar M., Hubball J., Groeger J., Meronek S. (2008). Handbook for the
Chemical Analysis of Plastic and Polymer Additives, CRC Press, Boca
Raton

Cameo Chemicals. Chemical Datasheet 4,4'-isopropylidenediphenol.
Available  at:  https://cameochemicals.noaa.gov/chemical/8331
[Accessed 23 12. 2020].

Cao X. L., Corriveau J. (2008). Migration of BPA from Polycarbonate Baby
and Water Bottles into Water under Severe Conditions. ] Agric Food
Chem 56 (15): 6378-6381. doi: 10.1021/j£800870b

Cao X. L., Popovic S., Arbuckle T. E, Fraser W. D. (2015).
Determination of Free and Total Bisphenol A in Human Milk
Samples from Canadian Women Using a Sensitive and Selective
GC-MS Method. Food AdditContam Part A 32 (1): 120-125. doi:
10.1080/19440049.2014.980855

Cao X. L., Popovic S. (2018). Solid Phase Extraction of Large Volume of
Water and Beverage Samples to Improve Detection Limits for GC-MS
Analysis of BPA and Four Other Bisphenols. Food AdditContam Part
A 35 (1): 49-55, doi: 10.1080/19440049.2017.1382730

Casajuana N., Lacorte S. (2003). Presence and Release of Phthalic Esters
and Other Endocrine Disrupting Compounds in Drinking Water.
Chromatographia 57 (9-10): 649-655. doi: 10.1007/BF02491744

Cheng Y. C., Chen H. W,, Chen W. L., Chen C. Y., Wang G. S. (2016).
Occurrence of Nonylphenol and BPA in Household Water Pipes
Made of Different Materials. Environ Monit Assess 188 (10): 562. doi:
10.1007/s10661-016-5556-0

Cheng Y., Nie X.-M., Wu H.-Q., Hong Y.-H., Yang B.-C,, Liu T., Zhao
D., Wang J.-E, Yao G.-H., Zhang F. (2017). A High-Throughput
Screening Method of Bisphenols, Bisphenols Diglycidyl Ethers and
Their Derivatives in Dairy Products by Ultra-High Performance
Liquid Chromatography-Tandem Mass Spectrometry. Anal Chim
Acta 950: 98-107. doi: 10.1016/j.aca.2016.11.006

Chevolleau S., Debrauwer L., Stroheker T., Viglino L., Mourahib I., Meireles
M. H., Grimaldi M., Balaguer P, di Gioia L. (2016). A Consolidated
Method for Screening the Endocrine Activity of Drinking Water.
Food Chem 213: 274-283. doi: 10.1016/j.foodchem.2016.06.089

Cirillo T., Latini G., Castaldi M. A., Dipaola L., Fasano E., Esposito E,
Scognamiglio G., Fabio Di Francesco E, Cobellis L. (2015). Exposure
to di-2-Ethylhexyl Phthalate, di-n-Butyl Phthalate and Bisphenol A
through Infant Formulas. ] Agric Food Chem 63 (12): 3303-3310. doi:
10.1021/jf505563k

Colin A., Bach C,, Rosin C., Munoz J. E, Dauchy X. (2014). Is Drinking
Water a Major Route of Human Exposure to Alkylphenol and
Bisphenol Contaminants in France? Arch Environ Contam Toxicol 66
(1): 86-99. doi: 10.1007/s00244-013-9942-0

Cui Y., ShiX., Tang Y., Xie Y., Du Z. (2020). The Effects of Heat Treatment
and Fermentation Processes on the Formation of Furfurals in Milk-
Based Dairy Products Using a QuEChERS Technique Followed by Gas
Chromatography Coupled with Triple Quadrupole Mass Spectrometry.
Food Chem 313: 125930. doi: 10.1016/j.foodchem.2019.125930

Celi¢ M., Skrbi¢ B. D., Insa S., Zivancev J., Gros M., Petrovi¢ M. (2020).
Occurrence and Assessment of Environmental Risks of Endocrine

dDsrupting Compounds in Drinking, Surface and Wastewaters in
Serbia. Environ Pollut 262: 114344. doi: 10.1016/j.envpol.2020.114344

Cesen M., Lambropoulou D., Laimou-Geraniou M., Kosjek T., Blaznik
U., Heath D., Heath E. (2016). Determination of Bisphenols and
Related Compounds in Honey and Their Migration from Selected
Food Contact Materials. ] Agric Food Chem 64 (46): 8866-8875. doi:
10.1021/acs.jafc.6b03924

Deceuninck Y., Bichon E., Marchand P., Boquien C.-Y., Legrand A,
Boscher C., Antignac J. P, Le Bizec B. (2015). Determination of
Bisphenol A and Related Substitutes/Analogues in Human Breast
Milk Using Gas Chromatography-Tandem Mass Spectrometry. Anal
Bioanal Chem 407 (9): 2485-2497. doi: 10.1007/s00216-015-8469-9

Euronews. (2015). In Touch with Food: Could Chemicals Used in
Packaging Be Harmful? Available at: https://www.euronews.
com/2015/07/20/in-touch-with-food-could-chemicals-used-in-
packaging-be-harmful [Accessed: 4 12. 2020].

European Comission. (2018a). Commission Regulation (EU) 2018/213.
Available  at:  https://eur-lex.europa.eu/legal-content/EN/TXT/
PDF/?uri=CELEX:32018R0213&from=EN [Accessed: 09 10. 2020].

European Comission. (2018b). Communication from the Commission
to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the
Regions, A European Strategy for Plastics in a Circular Economy.
Available  at:  https://eur-lex.europa.eu/legal-content/EN/TXT/
HTML/?uri=CELEX:52018DC0028&from=PT [Accessed 04 12.
2020].

European Food Safety Authority. Scientific Opinion on Bisphenol A.
(2015). Available at: https://www.efsa.europa.eu/sites/default/files/
corporate_publications/files/factsheetbpal50121.pdf [Accessed: 09
10. 2020].

Fan Y. Y, Zheng]J.L.,Ren]. H, Luo J., Cui X. Y., Ma L. Q. (2014). Effects of
Storage Temperature and Duration on Release of Antimony and BPA
from Polyethylene Terephthalate Drinking Water Bottles of China.
Environ Pollut 192: 113-120. doi: 10.1016/j.envpol.2014.05.012

Fregert S., Rorsman H. (1960). Hypersensitivity to Diethylstilbestrol.
Cross-Sensitization to Dienestrol, Hexestrol, Bisphenol A, p-Benzyl-
Phenol, Hydroquinone-Monobenzylether, and p-Hydroxybenzoic-
Benzylester. Acta DermVenereol 40: 206-219

Gallart-Ayala H., Moyano E., Galceran M. T. (2011). Analysis of
Bisphenols in Soft Drinks by on-line Solid Phase Extraction Fast
Liquid Chromatography-Tandem Mass Spectrometry. Anal Chim
Acta 683 (2): 227-233. doi: 10.1016/j.aca.2010.10.034

Gatimel N., Lacroix M. Z., Chanthavisouk S., Picard-Hagen N., Gayrard
V., Parinaud J., Léandri R. D. (2016) Bisphenol A in Culture Media
and Plastic Consumables Used for ART. Hum Reprod 31 (7): 1436-
1444. doi: 10.1093/humrep/dew116

Gaynor J. W, Ittenbach R. E, Calafat A. M., Burnham N. B., Bradman
A., Bellinger D. C., Henretig £ M., Wehrung E. E., Ward J. L.,
Russell W. W., Spray T. L. (2019). Perioperative Exposure to Suspect
Neurotoxicants From Medical Devices in Newborns With Congenital
Heart Defects. Ann Thorac Surg 107 (2): 567-572. doi: 10.1016/j.
athoracsur.2018.06.035

Gorecki S., Bemrah N., Roudot A. C., Marchioni E., Le Bizec B., Faivre
E, Kadawathagedara M., Botton J., Riviere G. (2017). Human Health
Risks Related to the Consumption of Foodstuffs of Animal Origin
Contaminated by BPA. Food Chem Toxicol 110: 333-339. doi:
10.1016/j.fct.2017.10.045

Graziani N. S., Carreras H., Wannaz E. (2019). Atmospheric Levels of
BPA Associated with Particulate Matter in an Urban Environment.
Heliyon 5 (4): e01419. doi: 10.1016/j.heliyon.2019.e01419

Guart A., Bono-Blay F, Borrell A., Lacorte S. (2011). Migration of
Plasticizers Phthalates, BPA and Alkylphenols from Plastic Containers
and Evaluation of Risk. Food AdditContam Part A 28 (5): 676-685.
doi: 10.1080/19440049.2011.555845

Guillette L. J. Jr., Gross T. S., Masson G. R., Matter J. M., Percival H. E,
Woodward A. R. (1994). Developmental Abnormalities of the Gonad
and Abnormal Sex Hormone Concentrations in Juvenile Alligators

acs

Agric. conspec. sci. Vol. 86 (2021) No. 4



from Contaminated and Control Lakes in Florida. Environ Health
Perspect 102 (8): 680-688. doi: 10.1289/ehp.94102680

Hayes T. B., Khoury V., Narayan A., Nazir M., Park A., Brown T., Adame
L., Chan E., Buchholz D., Stueve T., Gallipeaua S. (2010). Atrazine
Induces Complete Feminization and Chemical Castration in Male
African Clawed Frogs (Xenopuslaevis). Proc Natl Acad Sci U S A 107
(10): 4612-4617. doi: 10.1073/pnas.0909519107

Howard S.G. (2019). Exposure to Environmental Chemicals and Type 1
Diabetes: An Update. ] Epidemiol Community Health 73 (6): 483-
488. doi: 10.1136/jech-2018-210627

Iribarne-Durdn L. M., Artacho-Cord6n F., Peiia-Caballero M., José
M Molina-Molina J. M., Jiménez-Diaz 1., Vela-Soria F.,, Serrano L.,
Hurtado J. A., Ferndndez M. E, Freire C., Olea N. (2019). Presence
of Bisphenol A and Parabens in a Neonatal Intensive Care Unit: An
Exploratory Study of Potential Sources of Exposure. Environ Health
Perspect 127 (11): 117004. doi: 10.1289/EHP5564

Jalal N., Surendranath A. R., Pathak J. L., Yu S., Chung C. Y. (2018). BPA
(BPA) the Mighty and the Mutagenic. Toxicol Rep 5: 76-84. doi:
10.1016/j.toxrep.2017.12.01

Kim C. S., Sapienza P. P, Ross I. A., Johnson W., Luu H. M. D., Hutter
J. C. (2004). Distribution of Bisphenol A in the Neuroendocrine
Organs of Female Rats. Toxicol Ind Health 20 (1-5): 41-50. doi:
10.1191/0748233704th1860a

KimJ. Y., Jeong H. G. (2003). Down-Regulation of Inducible Nitric Oxide
Synthase and Tumor Necrosis Factor-alpha Expression by Bisphenol
A via Nuclear Factor-kappa B Inactivation in Macrophages. Cancer
Lett. 196 (1): 69-76. doi: 10.1016/50304-3835(03)00219-2

Koestel Z. L., Backus R. C., Tsuruta K., Spollen W. G., Johnson S. A., Javurek
A. B, Ellersieck M. R., Wiedmeyer C. E., Kannan K., Xue J., Bivens
N. J., Givan S. A., Rosenfeld C. S. (2017). Bisphenol A (BPA) in the
Serum of Pet Dogs Following Short-Term Consumption of Canned
Dog Food and Potential Health Consequences of Exposure to BPA.
Sci Total Environ 579: 1804-1814. doi: 10.1016/j.scitotenv.2016.11.162

Langdon K. A., Chandra A., Bowles K., Symons A., Pablo E.,, Osborne K.
(2019). A Preliminary Ecological and Human Health Risk Assessment
for Organic Contaminants in Composted Municipal Solid Waste
Generated in New South Wales, Australia. Waste Manag 100: 199-207.
doi: 10.1016/j.wasman.2019.09.001

Le H. H., Carlson E. M., Chua J. P, Belcher S. M. (2008). BPA Is Released
from Polycarbonate Drinking Bottles and Mimics the Neurotoxic
Actions of Estrogen in Developing Cerebellar Neurons. Toxicol Lett
176 (2): 149-156. doi: 10.1016/j.toxlet.2007.11.001

Lee D. W, Oh W. Y, YiS. H., Ku B,, Lee M. Y,, Cho Y. H., Yang M. (2016).
Estimation of BPA-Human Toxicity by 3D Cell Culture Arrays, High
Throughput Alternatives to Animal Tests. Toxicol Lett 259: 87-94. doi:
10.1016/j.toxlet.2016.07.711

Lee J., Choi K., Park J., Moon H. B., Choi G., Lee J. J., Suh E., Kim H. ],
Eun S. H,, Kim G. H.,, Cho G. ], Kim S. K., Kim S., Kim S. Y., Kim S.,
Eom S., Choi S., Kim Y. D., Kim S. (2018). Bisphenol A Distribution
in Serum, Urine, Placenta, Breast Milk, and Umbilical Cord Serum in
a Birth panel of Mother-Neonate Pairs. Sci Total Environ 626: 1494-
1501. doi: 10.1016/j.scitotenv.2017.10.042

Lee S., Hong Y. C., Park H., Kim Y., Ha M., Ha E. (2019). Combined
Effects of Multiple Prenatal Exposure to Pollutants on Birth Weight:
The Mothers and Children's Environmental Health (MOCEH) study.
Environ Res 181: 108832. doi: 10.1016/j.envres.2019.108832

Loyo-Rosales J. E., Rosales-Rivera G. C., Lynch A. M., Rice C. P., Torrents
A. (2004). Migration of Nonylphenol from Plastic Containers to
Water and a Milk surrogate. ] Agric Food Chem 52 (7): 2016-2020.
doi: 10.1021/jf0345696

Lu J., Wu J., Stoffella P. J., Wilson P. C. (2015). Uptake and Distribution
of BPA and Nonylphenol in Vegetable Crops Irrigated with
Reclaimed Water. ] Hazard Mater 283: 865-870. doi: 10.1016/j.
jhazmat.2014.10.018]

Mammadov E., Uncu M., Dalkan C. (2018). High Prenatal Exposure to
Bisphenol A Reduces Anogenital Distance in Healthy Male Newborns.
] Clin Res Pediatr Endocrinol 10 (1): 25-29. doi: 10.4274/jcrpe.4817

Bisphenol A - an Environmental and Human Threat | 303

Martinez M. A., Rovira J., Sharma R. P,, Nadal M., Schuhmacher M.,
Kumar V. (2017). Prenatal Exposure Estimation of BPA and DEHP
Using Integrated External and Internal Dosimetry: A Case Study,
Environ Res 158: 566-575. doi: 10.1016/j.envres.2017.07.016

Martinez M. A., Castro L, Rovira J., Ares S., Rodriguez J. M., Cunha S. C,,
Casal S., FernandesJ. O., Schuhmacher M., Nadal M. (2019). Early-Life
Intake of Major Trace Elements, Bisphenol A, Tetrabromobisphenol
A and Fatty Acids: Comparing Human Milk and Commercial Infant
Formulas. Environ Res 169:246-255. doi: 10.1016/j.envres.2018.11.017

Maserejian N. N., Trachtenberg F. L., Wheaton O. B., Calafat A. M.,
Ranganathan G., Kim H.-Y., Hauser R. (2016). Changes in Urinary
Bisphenol A Concentrations Associated with Placement of Dental
Composite Restorations in Children and Adolescents. ] Am Dent
Assoc 147 (8): 620-630. doi: 10.1016/j.adaj.2016.02.020

Masuda S., Terashima Y., Sano A., Kuruto R., Sugiyama Y., Shimoi K., Tanji
K., Yoshioka H., Terao Y., Kinae N. (2005). Changes in the Mutagenic
and Estrogenic Activities of Bisphenol A upon Treatment with Nitrite.
Mutat Res. 585 (1-2): 137-146. doi: 10.1016/j.mrgentox.2005.04.005

Mirzajani H., Cheng C., Wu J., Chen J., Eda S., Najafi Aghdam E., Badri
Ghavifekr H. (2017). A Highly Sensitive and Specific Capacitive
Aptasensor for Rapid and Label-Free Trace Analysis of BPA (BPA)
in Canned Foods, Biosens Bioelectron 89 (Pt 2): 1059-1067, doi:
10.1016/j.bios.2016.09.109

Nasseri S., Ebrahimi S., Abtahi M., Saeedi R. (2018). Synthesis and
Characterization of Polysulfone/Graphene Oxide Nano-Composite
Membranes for Removal of BPA from Water. ] Environ Manage 205:
174-182. doi: 10.1016/j.jenvman.2017.09.074

National Conference of State Legislatures. (2015). NCSL Policy
Update: State Restrictions on Bisphenol A (BPA) in Consumer
Products. Available at: https://www.ncsl.org/research/environment-
and-natural-resources/policy-update-on-state-restrictions-on-
bisphenol-a.aspx#juris [Accessed 04 12. 2020].

National Toxicology Program. (1982). Carcinogenesis Bioassay of
Bisphenol A (CAS No. 80-05-7) in F344 Rats and B6C3F1 Mice (Feed
Study). Natl Toxicol Program Tech Rep Ser 215: 1-116.

OehlmannJ., Schulte-Oehlmann U., Bachmann J., Oetken M., Lutz L., Kloas
W., Ternes T. A. (2006). Bisphenol A Induces Superfeminization in the
Ramshorn Snail Marisa Cornuarietis (Gastropoda: Prosobranchia) at
Environmentally Relevant Concentrations. Environ Health Perspect
114: 127-133. doi: 10.1289/ehp.8065

Pernica M., Poloucka P, Seifertova M., Simek Z. (2015). Determination
of Alkylphenols in Water Samples Using Liquid Chromatography-
Tandem Mass Spectrometry after Pre-Column Derivatization
with Dansyl Chloride. ] Chromatogr A 1417: 49-56. doi: 10.1016/j.
chroma.2015.09.030

Piringer O. G., Baner A. L. (2008). Plastic Packaging: Interactions with
Food and Pharmaceuticals, Wiley-VCH, Darmstadt

Potakis N., Frontistis Z., Antonopoulou M., Konstantinou I,
Mantzavinos D. (2017). Oxidation of BPA in Water by Heat-Activated
Persulfate. ] Environ Manage 195 (Pt 2): 125-132. doi: 10.1016/j.
jenvman.2016.05.045.]

Radwan M., Wielgomas B., Dziewirska E., Radwan P., Kaluzny P,
Klimowska A., Hanke W., Jurewicz J. (2018). Urinary Bisphenol A
Levels and Male Fertility. Am ] Mens Health 12 (6): 2144-2151. doi:
10.1177/1557988318799163

Rajasdrkki J., Pernica M., Kuta J., Lagnak J., Simek Z., Blaha L. (2016).
Drinking Water Contaminants from Epoxy Resin-Coated Pipes: A
Field Study. Water Res 103: 133-40. doi: 10.1016/j.watres.2016.07.027

Republic of Croatia. (2013). Ordinance on Limits on Exposure to
Hazardous Substances at Work and on Biological Limit Values.
Official Gazette of the Republic of Croatia “Narodne novine” (NN
13/09, 75/13)

Rowell C., Kuiper N., PreudHomme H. (2016). Is Container Type
the Biggest Predictor of Trace Element and BPA Leaching from
Drinking Water Bottles? Food Chem 202: 88-93. doi: 10.1016/j.
foodchem.2016.01.109]

Santonicola S., Ferrante M. C., Murru N., Gallo P., Mercogliano R. (2019).

acs

Agric. conspec. sci. Vol. 86 (2021) No. 4



304 | Rea JANDA, Sime UKIC, Nataga MIKULEC, Ksenija VITALE

Hot topic: Bisphenol A in Cow Milk and Dietary Exposure at the Farm
Level. ] Dairy Sci 102 (2): 1007-1013. doi: 10.3168/jds.2018-15338
Singapore Food Agency. (2017). Safety of Plastic Baby Bottles. Available
at:  https://www.sfa.gov.sg/food-for-thought/article/detail/safety-of-

plastic-baby-bottles [Accessed 29 01. 2021].

Srivastava S.,.Dhagga N. (2019). Dose Exposure of Bisphenol- A on
Female Wistar Rats Fertility. Horm Mol Biol Clin Investig 38 (2). doi:
10.1515/hmbci-2018-0061.]

Staniszewska M., Koniecko I., Falkowska L., Krzymyk E. (2015).
Occurrence and Distribution of BPA and aAkylphenols in the Water
of the Gulf of Gdansk (Southern Baltic). Mar Pollut Bull 91 (1): 372-
379. doi: 10.1016/j.marpolbul.2014.11.027

Sungur S., Kéroglu M., Ozkan A. (2014). Determination of BPA Migrating
from Canned Food and Beverages in Markets, Food Chem 142: 87-91.
doi: 10.1016/j.foodchem.2013.07.034

Sauer P, Svecova H., Grabicova K., Goniil Aydin E, Mackulak T., Kode$
V., Blytt L. D., Henninge L. B., Grabic R, Kocour Kroupova H. (2021).
Bisphenols Emerging in Norwegian and Czech Aquatic Environments
Show Transthyretin Binding Potency and Other Less-Studied
Endocrine-Disrupting Activities. Sci Total Environ 751: 141801. doi:
10.1016/j.scitotenv.2020.141801.

Sturm S., Grabnar L., Skibin A., Poga¢nik M., Cerkvenik-Flajs V. (2020).
Preliminary Toxicokinetic Study of BPA in Lactating Dairy Sheep
after Repeated Dietary and Subcutaneous Administration. Sci Rep 10:
6498. doi: 10.1038/s41598-020-63286-z

The European Food Information Council. (2014). Available at: https://
www.eufic.org/en/food-safety/article/bisphenol-a-qa [Accessed 09
10. 2020].

University of Nebraska (2012). Toxicology and Exposure Guideliness.
UNL Environmental Health and Safety (402) 472-4925.Availabnle
at: https://ehs.unl.edu/documents/tox_exposure_guidelines.pdf
[Accessed 04 12. 2020].

U.S. Environmental Protection Agency (2010).Bisphenol A Action Plan.
Available at:  https://www.epa.gov/sites/production/files/2015-09/
documents/bpa_action_plan.pdf [Accessed 04 12. 2020].

U.S. Environmental Protection Agency. CompTox Chemicals Dashboard.
Bisphenol A. Available at: https://comptox.epa.gov/dashboard/
dsstoxdb/results?search=DTXSID7020182#details [Accessed 29 01.
2021].

Van Zijl M. C., Aneck-Hahn N. H., Swart P, Hayward S., Genthe B., De
Jager C. (2017). Estrogenic Activity, Chemical Levels and Health Risk
Assessment of Municipal Distribution Point Water from Pretoria and
Cape Town, South Africa. Chemosphere 186: 305-313. doi: 10.1016/j.
chemosphere.2017.07.130

Xiong J., An T., Li G., Peng P. (2017). Accelerated Biodegradation of
BPA in Water-Sediment Microcosms with Bacillus sp. GZB and the
Associated Bacterial Community Structure. Chemosphere 184: 120-
126. doi: 10.1016/j.chemosphere.2017.05.163

Xue J., Wan Y., Kannan K. (2016). Occurrence of Bisphenols, Bisphenol A
Diglycidyl Ethers (BADGEs), and Novolac Glycidyl Ethers (NOGEs)
in Indoor Air from Albany, New York, USA, and Its Implications
for Inhalation Exposure. Chemosphere 151: 1-8. doi: 10.1016/j.
chemosphere.2016.02.038

Yannai, S. (2004) Dictionary of Food Compounds with CD-ROM:
Additives, Flavors, and Ingredients. Boca Raton: Chapman & Hall/
CRC

Zhao X., Du P, Cai Z., Wang T., Fu J., Liu W. (2018). Photocatalysis of
BPA by an Easy-Settling Titania/Titanate Composite: Effects of Water
Chemistry Factors, Degradation Pathway and Theoretical Calculation.
Environ Pollut 232: 580-590, doi: 10.1016/j.envpol.2017.09.094

Zhou Y., Chen M., Zhao E, Mu D., Zhang Z., Hu J. (2015). Ubiquitous
Occurrence of Chlorinated Byproducts of BPA and Nonylphenol in
Bleached Food Contacting Papers and Their Implications for Human
Exposure. Environ Sci Technol 49 (12): 7218-7226. doi: 10.1021/acs.
est.5b00831

aCS86_33

acs

Agric. conspec. sci. Vol. 86 (2021) No. 4



