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1 Physical and chemical properties
Bisphenol S (BPS; CAS 80-09-1; IUPAC name: 4,4'-sulfonyldiphenol)
is an organic compound with two hydroxyphenyl groups connected by
a sulfonyl group (1, Figure 1). It has the chemical formula C1,H1004S.
BPS is slightly soluble in benzene and dimethyl sulfoxide, soluble in
ethanol and ether, but not in water [1]. Its calculated octanol/water
partition coefficient (log Kow) is 1.65, the experimentally determined
log Kow is 1.2 [2].

2 Production and use

BPS is the reaction product of two phenol molecules with one
molecule of sulfuric acid. 2,4’-sulfonyldiphenol is often formed as side
product [1]. BPS or its derivatives are used in the production of
polyethersulfones (4), polysulfones (5) and epoxy resins (6) (Figure
1), water-soluble and thermosetting resins, heat-sensitive developers,
photographic chemicals, polyphthalate carbonates, polymer modifiers
and brominated flame retardants (as published on the homepage of
the BPS manufacturer Konishi Chemical [3]). BPS continuously finds
application in synthetic polymers such as poly(ethylene terephthalate)
[5], poly(butylene terephthalate) [6], polyurethanes [7] and epoxy
resins [8].

In 2000, the Scientific Committee on Food (SCF) stated that BPS is
used as comonomer for kitchen utensils, mainly for repeated use [9].
Polyethersulfone is one of the materials replacing bisphenol A (BPA)-
based polycarbonate in baby bottles [10]. BPS also substituted BPA
in many thermal papers by now [11]. It was found in high
concentrations in receipts (up to 22 mg/g) and also detected in
recycled food carton and food packaging paper [11] and in the lining
of cans [12].

3 Market data

For the year 2012, the U.S. Environmental Protection Agency (EPA)
listed 8 manufacturers and/or importers of BPS registering a total
volume between 454 and 4540 tons per year [13]. The European
Chemicals Agency (ECHA) published a tonnage band for BPS of
1000 to 10000 tons per year. European registrants and suppliers
were BASF (D), Brunschwig Chemie (NL), Lanxess (D), NetSun (NL),
SCAS Europe (BEL), and Solvay Specialty Polymers (1) [14].
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4 Current regulations

4.1 European Union

BPS is an authorized food contact material (FCM) according to
Regulation EU 10/2011 and it is approved to be used as monomer for
the production of plastics [15]. BPS has a Specific Migration Limit
(SML) of 0.05 mg/kg food, which is 12 times lower than that of BPA
[15]. In 2000, the SCF reported that no ADI or TDI could be
established for BPS based on the toxicological data [9]. The SML was
assigned on the basis of BPS’ low migration rates assuming that the
available toxicological data would result in a TDI leading to a higher
SML. Thus, the SCF concluded that the maximum likely intakes
arising from the uses of the additive are safe.

BPS was not listed in Annex | of a report published by EFSA’s
Scientific Cooperation Working Group (ESCO WG), which compiles
non-plastic FCMs collected from EU member states and industry [16].
According to this list, no national regulations exist regarding the
occurrence of BPS in non-plastic FCMs.

4.2 United States

In the U.S., BPS is listed as indirect food additive to be used as
monomer in the production of polyethersulfone resins. Articles
(partially) composed of polyethersulfone resins shall be intended for
repeated use. More specific details regarding the composition and
characteristics of polyethersulfone polymers, the migration of certain
monomers and chemicals into food simulants and the manufacturing
process were regulated in Title 21 of the Code of Federal Regulations
(Sec. 177.2440). A specific migration limit for BPS was not set in this
regulation.

The Toxic Substances Control Act (TSCA) requires manufacturers of
BPS to report preliminary assessment information concerned with
production, exposure, and use to EPA (40 C.F.R. §712.30) [17]. BPS
is also included on the TSCA list that requires manufacturers to
submit unpublished health and safety studies to EPA (40 C.F.R.
§716.120)[18].
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Figure 1: Chemical structures of bisphenol S (BPS) 1, bisphenol A (BPA) 2, bisphenol F (BPF) 3,
polyethersulfone 4, polysulfone 5 and BPS-based epoxy resin 6.


Birgit Geueke
Schreibmaschinentext
DOI: 10.5281/zenodo.33516


5 Toxicity of BPS

5.1 General toxicity

Investigations on the acute oral toxicity of BPS resulted in LDs, values
in the range of several grams per kg body weight. This data was
summarized on ECHA's website [14] and in a draft report published
by the EPA [19]. In Europe, the human toxicity and ecotoxicity of BPS
was not classified yet according to the Dangerous Substances
Directive 67/548/EEC or the CLP Regulation (EC) No. 1272/2008.

5.2 Genotoxicity

BPS had no mutagenic properties when it was tested in vitro with
Ames Salmonella typhimuricum, E. coli and mouse lymphoma
assays. BPS did not induce chromosomal aberrations in vivo and only
one in vitro test gave ambiguous hints for genotoxicity according to
the ECHA database [14]. In contrary, one recent, peer-reviewed study
by Lee et al. showed evidence of genotoxicity caused by BPS in
immunofluorescence and chromosomal aberration tests [20].

5.3 Endocrine disrupting properties

In vitro studies

In the beginning of this century Hashimoto and colleagues published
first results on estrogenic activity of BPS in the E-screen assay [21,
22]. Low estrogenic activity was also confirmed in a yeast two-hybrid
system [23]. The receptor binding affinity of BPS to the human
estrogen receptor was published to be 0.0055% of E2 [24]. In 2004
and 2012, two further independent studies using different in vitro
assays demonstrated comparable estrogenic potencies for BPA and
BPS, which were both far lower than the binding affinity of E2 [25, 26].
In 2013, several in vitro studies were published indicating an
endocrine disrupting potential of BPS: Four different endocrine
receptors were targeted in the publication by Molina-Molina et al.
including two human estrogen receptors (ER), the androgen receptor
(AR), and the pregnane X receptor (PXR; a nuclear receptor that
functions as a regulator of xenobiotic metabolism) [27]. The bioassay
showed that BPS was an activator of both ERs, a weak antagonist of
AR, but it did not interfere with PXR. These tests were performed at
micromolar concentrations of BPS, which are unlikely to be found in
food. In contrast, Vifias and Watson published a detailed paper on
endocrine disrupting effects of BPS at femto- to picomolar
concentrations [28]. Using rat pituitary cells, BPS interrupted
membrane-initiated cell signaling, which is usually induced by the
physiologic estrogen E2. The consequences were altered cell
proliferation, cell death and prolactin release. The same researchers
also investigated mixture effects of xenoestrogens at environmentally
relevant concentrations using similar assays [29]. In combination with
BPA and nonylphenol, BPS changed the endocrine responses
differently and more dramatically. Furthermore, the mixtures also
interfered with endogenous estrogen E2 and altered its effects.

In vivo studies

In 2004, Yamasaki and colleagues showed that three daily BPS
doses of 20 and 500 mg/kg body weight/day significantly increased
the uterus size of rats [24]. An in vivo study focusing on endocrine
effects of BPS in zebrafish was published recently [30]. In adult
zebrafish BPS caused reproductive dysfunction, altered plasma sex
hormone levels and gene transcription in the hypothalamic-pituitary-
gonad axis at concentrations >0.5 ug/L. When not only the parent
fish, but also the eggs were continuously exposed to BPS, even less
embryos hatched and the rate of malformation increased. The authors
request further studies confirming the effects of BPS on sex hormone
concentrations and elucidating the underlying mechanisms.

5.4 Reproductive and developmental toxicity
One study with limited documentation on the reproductive and
developmental toxicity of BPS was cited on the ECHA website. BPS
was judged to have moderate reproductive and developmental toxicity
with No Observed Adverse Effect Levels (NOAELs) of 10 and 60
mg/kg body weight/day for parental and reproductive toxicity,
respectively.

5.5 Repeated dose studies

ECHA included three repeated dose studies for BPS in their dossier
[14]. A 13-days rat study from 1973 with limited documentation
resulted in a NOAEL of 97 mg/kg body weight and day when
nephrotoxicity was measured as endpoint. A NOAEL of 40 mg/kg
body weight/day was determined for BPS from a 28-days subacute
toxicity study with rats. A variety of treatment-related effects were
seen at 200 and 1000 mg/kg body weight/day (decreased body
weight gain, proteinuria, increased kidney weight, hyperplasia and
necrosis in cecal mucosal epithelium). The results of the third study
are not published yet in the database. Complementary, the EPA
included two more repeated dose studies in their draft evaluation of
printing ink alternatives and came to the conclusion that BPS has a
high hazard potential [19]. Appleton paper, a manufacturer of thermal
papers, suggested in a commenting letter to assign a moderate
hazard potential based on the underlying studies [31].

6 Migration and exposure

Simoneau and colleagues investigated the migration of BPS and
some of its derivatives from 30 different polyethersulfone (4) baby
bottles [10]. No detectable amounts of BPS were found in any of the
migration tests using 50% ethanol as food simulant (level of detection
(LOD): 100 ng/kg; level of quantification (LOQ): 300 ng/kg). In a study
by Gallart-Ayala et al., no migration of BPS from soft drinks
purchased in Spanish supermarkets was detected (LOD: 5-25 ng/L;
LOQ: 15-84 ng/L) [32]. In 2010, another Spanish study investigated
the migration of bisphenols from epoxycoated cans into different
foods [12]. BPS concentrations up to 170 and 35 ng/mL were found in

Table 1. Analyses of food samples from China and the U.S. regarding the bisphenol (BP) detection
frequencies, mean concentrations and contributions to the total bisphenol concentration (XBP).

289 food samples from China [2]

267 food samples from the U.S. [4]

BPS BPA BPF >BP BPS BPA BPF >BP
Detection frequency (%) 22.5 60.9 194 77.5 20.9 56.9 10.1 74.5
Mean conc. (ng/g) 029 494 25 9.35 013 3.0 093 438
Contribution to ZBP (%) 7.7 64 10 100 <10 42 17 100




the supernatants and solid food, respectively. These values partially
exceeded the SML of 0.05 mg/kg food that was approved in 2011 by
the European Commission [15]. BPS was also detected in more than
50% of the tested food cartons at concentrations up to 143 ng/g [11].
The concentrations and detection frequency of BPS in food contact
paper were lower (detection rate: 8.3%, highest concentration: 12
ng/g).

In 2013, Liao and Kannan published studies analyzing the bisphenol
contamination of food samples collected in China and the U.S. in the
years 2010 and 2011. The analysis of 289 food samples from China
showed that BPS was detected in 22.5% of the investigated samples
with mean concentrations of 0.29 ng/g (Table 1) [2]. BPS contributed
to 7.7% of the total exposure to bisphenols. Especially meat and meat
products, fish, seafood, vegetables, cookies, snacks and condiments
contained relatively high fractions of BPS. The analysis of 267 food
samples collected in the U.S. showed that BPA and bisphenol F
(BPF, 3) accounted for 42 and 17%, respectively, of the total
bisphenol concentration, whereas the contribution of BPS was less
than 10% (Table 1) [4]. BPS was detected in 20.9% of all samples
with a mean concentration of 0.13 ng/g. Also in the U.S. the highest
BPS concentrations were measured in meat and meat products.
When comparing the packaging material, canned foods had the
highest mean concentration of bisphenols, whereas food packed in
glass was least contaminated [2, 4]. Although the concentrations
found in food in all studies cited in this paragraph do not reach the
levels measured for BPA, these results provide clear evidence for the
application of BPS in FCMs, e.g. in the coating of cans.

7 Biomonitoring

A first study on the occurrence of BPS in human urine from the U.S.
and several Asian countries was published recently [33]. 42% of the
Korean samples contained BPS, but it was ubiquitous in all samples
from Japan and Vietnam wit 100% detection rates. The highest BPS
concentrations were found in urine from Japan, followed by the U.S.
and China. Samples from Vietnam, Kuwait, India, Malaysia and Korea
contained lower BPS concentrations. Estimated daily intakes (EDIs)
were calculated based on a simple pharmacokinetic approach
assuming similar pharmacokinetics for BPS and BPA. According to
this model, EDIs of BPS (mean values) were estimated to be 3.47,
1.48 and 0.707 pg/person/day for Japan, the U.S. and China,
respectively. These data suggest widespread use of BPS as
replacement for BPA in various applications such as FCMs and
thermal paper receipts.

EDIs were also calculated based on bisphenol concentrations
measured in food samples combined with estimated consumption
patterns [2, 4]. According to this model, EDIs of BPS were predicted
to be 9.55 and 1.31 ng/kg body weight/day for Chinese and U.S.
American adults, respectively. Although the mean concentrations and
detection frequencies for BPS did not differ very much in both studies
(Table 1), the underlying exposure estimates for the Chinese and
U.S. American populations are probably the reason for these different
EDIs and might especially underestimate the U.S. American
exposure.

Several bisphenol analogues were measured in sediment samples
from industrialized areas in the U.S., Japan and Korea [34]. The
highest BPS concentrations were found in Korea and reached almost
2 mg/g dry weight. BPA and BPF represented more than 90% of the
total bisphenol concentrations in all sediments, but BPS
concentrations increased in the sediment cores from Japan after 2001
indicating the replacement of other bisphenols by BPS.

It would be highly interesting to continue such exposure and
biomonitoring studies in the coming years, because the levels of BPS
might further increase due to the replacement of BPA with BPS in
epoxy coatings, reusable plastics and thermal paper.

8 Environmental degradation and
metabolism

BPS was not degraded by several bacterial strains that were known
to metabolize other bisphenols under aerobic conditions [35-37]. In
2013, two independent research groups described the aerobic
degradation of BPS by bacterial strains [38] and by a hydroponic
system using a combination of reed and two bacterial strains [39],
respectively. BPS was also metabolized under anaerobic conditions
using pond sediment [37] and photocatalytically degraded under UV
irradiation [40]. These results indicate a lower degradability of BPS
than BPA.

To our knowledge, no data were published on the pharmacokinetics
of BPS in test animals or humans.

Abbreviations

AR Androgen Receptor

BP Bisphenol

BPA Bisphenol A

BPS Bisphenol S

BPF Bisphenol F

ECHA European Chemicals Agency

EDI Estimated Daily Intake

EFSA European Food Safety Authority
EPA U.S. Environmental Protection Agency
ER Estrogen Receptor

ESCO WG EFSA Scientific Cooperation Working Group
E2 17B-Estradiol

FCM Food Contact Material

LDso Lethal Dose, 50%

LOD Level of Detection

LOQ Level of Quantification

NOAEL No Observed Adverse Effect Level
PXR Pregnane X Receptor

SCF Scientific Committee on Food
SML Specific Migration Limit

TSCA Toxic Substances Control Act

Disclaimer

The Food Packaging Forum provides all information for general information purposes only. Our aim is to provide up to date, scientifically correct and relevant
information. We distinguish to the best of our knowledge between facts based on scientific data and opinions, for example arising from the interpretation of
scientific data. However, we make no representations or warranties of any kind, express or implied, about the completeness, suitability, accuracy, availability or
reliability regarding the information and related graphics contained therein, for any purpose. We will not be liable and take no responsibility for any loss or
damage arising from or in connection with the use of this information. In particular, we do not take responsibility and are not liable for the correctness of

information provided pertaining to legal texts.
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