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Abstract

Bisphenol A (BPA), an important endocrine disruptor, is used in the manu-
facturing of various materials, including food packaging. Ingestion of con-
taminated foodstuffs is, in fact, the most relevant form of exposure to this
substance. However, scarce data on the presence of this contaminant in
milk, or whether different types of food packaging influence food contami-
nation are available in Brazil. This study, therefore, aimed to evaluate the
BPA contamination of whole milk (fluid and powder) samples packaged in
different types of packaging (Tetra Pak® PET: Poly (ethylene terephthalate;
Metallic can (epoxy resin); Polyethylene (PE) and poly (vinylidene chloride)
(PVDC); Laminated Film - Metallized Polyester-Polyethylene and glass) and
marketed metropolitan region of Rio de Janeiro, Brazil. An analytical me-
thod for the BPA determination in milk was optimized for both fluid (pas-
teurized and ultra-high temperature) and powdered milk samples. A mod-
ified QUEChERS method was applied, and BPA determinations were con-
ducted by ultra-performance liquid chromatography coupled with sequential
mass spectrometry (HPLC-MS/MS). The validated method was then applied
to 51 milk samples, where BPA was detected in five samples (9.8%) and
quantified in two (3.8%).

Keywords
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1. Introduction

According to the United States Environmental Protection Agency (U.S.EPA),
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some chemical substances, known as endocrine disruptors, can alter the regula-
tory mechanisms of natural hormones in the human body [1]. Several effects are
associated to exposure to these substances in animals, such as abnormal sexual
development in reptiles and mammals, feminized responses in fish and birds,
pseudohermaphroditism in marine gastropods, reproductive failures in mam-
mals, fecundity decreases in fish and embryonic deformations in birds [2] [3]
[4]. Recently, the increased prevalences of disorders in humans, such as obesity,
neurobehavioral deficit, diabetes, hypothyroidism, endometriosis, autism, breast,
prostate, testicular, thyroid and endometrial cancers, as well as precocious pu-
berty, have also been associated with exposure to endocrine disruptors [5] [6]
[7].

Endocrine disruptors include a class of diphenylalkane substances, with
2,2-bis(4-hydroxyphenyl)propane (CAS n°80-05-7), commonly known as bis-
phenol A (BPA), as the most representative analogue of the bisphenol group.
This compound constitutes the basic unit of high-performance polymers and
coating, mainly plastics, polycarbonates, and epoxy resin [8].

Due to its known reproductive toxicity and potential for endocrine disruption,
the use of BPA in baby bottles and toys is prohibited in the United States, Cana-
da, and the European Union [9]. In Brazil, its use in baby bottles and similar
items intended for infant feeding has also been banned since 2011 [10]. Howev-
er, despite the ongoing debate concerning more effective measures to protect
particularly vulnerable populations from BPA exposure and studies on the sub-
ject, BPA production and consumption continue to increase, with a global pro-
duction projection for 2028 of about 30 billion dollars [11].

Several studies have reported the transfer of this compound to foods from
packages produced with BPA monomers as a constituent [12] [13]. Several coun-
tries have established specific migration limits (SML) aiming at consumer safety.
The European Union, for example, has established a SML of 0.1 mg-L™* BPA for
chemicals used in toys intended for use by children under the age of 36 months
old or in other toys intended to be placed in the mouth [14] and 0.05 mg of BPA
per kilogram of food (mg/kg) for plastic materials and articles to ensure that ex-
posure to BPA remains below the daily dose [15]. Brazil maintains the European
Union SML recommendation for the preparation of plastic packaging and
equipment in contact with food [10]. However, despite all efforts, BPA has been
detected in several foodstuffs, including milk and its derivatives, even when the
chemical nature of its packaging does not allow for its release, such as milk
packaged in polyethylene bags [16] [17] [18].

The quality of milk production is directly associated to the environment and
depends significantly on human activities. Soil exposure to contaminated inputs,
such as sewage or industrial waste, as well as atmospheric deposition from in-
dustrial activities close to producing farms, results in a wide range of environ-
mental contaminants entering the milk production chain [19]. Many of them,

including BPA, are fat soluble, and can be stored in adipose tissue, secreted with
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milk fat, and accumulated in dairy products along the dairy chain. Furthermore,
BPA can also be introduced into the milk chain during milking, due to exposure
to plastic parts derived from plastic resins present in milking machines and has
been detected in several dairy products due to the use of PVC pipes used during
the milking process or transferred from bulk milk to storage tanks [20]. At the
end of milk production process, contaminants already present in the milk are
usually not affected by further dairy processing and, in some cases, residues may
become concentrated in the final product, increasing contaminant levels. Finally,
BPA can also migrate to milk or dairy products when employed as an additive in
packaging material [21] [22]. Due to the above, the aim of this study was to de-
termine BPA levels in 51 whole milk samples (fluid and powder) sold in differ-

ent packages marketed in southeastern Brazil.

2. Methodology
2.1. Materials and Reagents

A bisphenol A standard (purity 99%) was purchased from Sigma-Aldrich
(Pennsylvania, USA). Acetonitrile (HPLC grade), sodium chloride (99% purity),
anhydrous magnesium sulfate (98% purity) and 25% ammonium hydroxide (for
analysis) were purchased from Merck (Darmstadt, Germany). Methanol (HPLC
grade) was purchased from Tedia (Darmstadt, Germany). Hexane (purity 96%)
was obtained from J.T. Baker (Pennsylvania, USA). Ultrapure water was ob-
tained from a Milli-Q Gradient water system (Millipore, Bedford, MA, USA).

2.2. Standard Solution Preparation

A BPA stock solution (1000 pg-mL™") was prepared by dissolving 10 + 0.1 mg of
the BPA standard in methanol (MeOH) and making the volume up to 10 mL in
a volumetric flask. This solution was stored in a glass vial with a screw cap at
—18°C in the dark. Working solutions were prepared weekly by serially diluting
the stock solution with MeOH to 5 ng-mL™". These solutions were stored at 5°C

and used for calibration curve preparation and sample fortification.

2.3. Milk Samples

Bisphenol A detection and quantification were carried out in 51 whole fluid milk
(ultra-high temperature (UHT) and pasteurized) and whole milk powdered
samples from different manufacturing batches obtained from retailers in the city
of Rio de Janeiro between April/2019 and July/2019. A total 19 powdered milk
and 27 fluid milk UHT samples and five pasteurized milk samples were pur-
chased from 27 different brands.

The samples were further classified into six categories according to packaging
type, namely glass, poly (ethylene terephthalate) (PET) polyethylene (PE) and
poly (vinylidene chloride) (PVDC) and Tetra Pak® cartons containing whole
fluid milk, metal cans and metallized polyester-polyethylene (laminated film) for
whole powdered milk (Figure 1).
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Figure 1. Different fluid and powdered milk packaging materials investigated herein. (a)
Carton; (b) PET-Poly (ethylene terephthalate); (c) Metal can; (d) Polyethylene (PE) and
poly (vinylidene chloride) (PVDC); (e) Laminated film (metalized Polyester-Polyethylene);
(f) Glass.

Table 1 depicts the total number of analyzed milk samples per packaging type.

2.4. Samples Preparation Procedure Employing the QuUEChERS
Treament

The BPA analysis methodology applied herein was based on [23] and [24] with
some QuEChERS treatment modifications as described by [25]. Briefly, pow-
dered milk samples (0.3 g) were weighed in 15 mL Falcon tubes (polypropylene)
and mixed with 3 mL of type 1 ultrapure water. The Falcon tubes were then vor-
texed for 30 seconds (Marconi, MA 162), subsequently mixed with 3 mL of ace-
tonitrile and 2 mL of filtered hexane and vortexed again for 2 minutes. Then, 1.2
g of magnesium sulfate (MgSO,) and 0.3 g of sodium chloride (NaCl) were add-
ed to each sample followed by vortexing for 2 minutes. The samples were then
centrifuged (Eppendorf, 5804R) at 3000 rpm for 7 minutes at 20°C. A 1 mL ali-
quot of the acetonitrile extract of each sample was then transferred to a glass
flask and evaporated to complete dryness under a gentle N, flow at room tem-
perature (Reacti-Therm III, 18935/Reacti-Vap III, 18785). The dry extracts were
then resuspended in 1 mL of MeOH/H,O (80:20, v/v) with 0.1% ammonium hy-
droxide and maintained in an ultrasound bath for 5 minutes. The final solutions
were then filtered through disposable filtration membranes (Millex-FG, 0.22 pm,
hydrophobic PTFE) using a glass syringe, and the filtered extracts were directly
placed into vials for the subsequent instrumental analysis. Fluid milk samples
(3.0 g) were weighed in polypropylene (PP) centrifuge tubes and treated the

same way as the powdered samples.
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Table 1. Total number of analyzed whole fluid and whole powdered milk samples per packaging type.

Packaging
Polyethyl Polyethyl d
Corton | iged PO (etylene Ll dene s
allize inyli a
(TetraPak’) terephthalate) polyv Y.
polyester chloride

Whole fluid 4 0 3 0 0
milk - UHT

Whole fluid 0 0 0 4 )

milk - Pasteurized
Whole powdered milk 0 11 0 0 0

2.5. HPLC-MS/MS Analysis

Liquid chromatography was performed employing an Ultra Performance Liquid
Chromatograph (ULC) model UPLCTM I-Class ACQUITYTM apparatus (Wa-
ters, USA). An AcquityTM UPLC column BEH C18 (100 mm x 2.1 mm id.,
particle size 1.7 um) was used as the stationary phase. Column temperature was
maintained at 35°C. Methanol and water (70:30, v/v) were used as the mobile
phase at an isocratic elution flow rate of 0.3 mL-min™". The system was washed
with acetonitrile:methanol:isopropanol:water (1:1:1:1, v/v/v/v) at the end of each
run for five minutes and stabilized under the initial analysis conditions for 5.0
minutes. An injection volume of 5 uL was applied to each sample. Detections
were performed using a tandem quadrupole mass spectrometer (Waters, Xevo®
TQ-S), equipped with an electrospray ionization (ESI) source. The source para-
meters were optimized as follows: ion spray voltage, 2 kV for ESI (-), capillary
temperature 400°C, source temperature 150°C. Nitrogen was used as the cone
and desolvation gas at 150 L-h™! and 750 L-h™* flow rates, respectively. Argon was
used as the collision gas at a 0.15 mL-min™" flow rate. Collision energies of 15
and 20 V were used for the quantification (Q - m/z 227 > 212) and qualification
(q - m/z 227 > 133) transitions, respectively.

2.6. Analytical Method Validation

The applied analytical method was previously validated and proven adequate for
fluid and powdered milk BPA determinations [25]. The validated parameters of
merit were selectivity, matrix effect, linearity, accuracy/trend, precision (repea-
tability and intermediate precision), limit of detection (LD) and limit of quanti-
fication (LQ) and the absence of matrix effects [25] [26].

2.7. Internal Quality Control

Several quality controls were applied to ensure method accuracy, as cross con-
tamination is a serious problem in BPA analyses and should be avoided as much
as possible. Blank tests were carried out in all experiments with the reagent blank

(without the samples) to verify potential reagent/solvent interferences and BPA
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contamination. The reagent blanks were also analyzed after every batch of 10
sample injections, confirming no interferences. A reconstituted powdered milk
(1:10) sample fortified with 0.5 ng-mL™" BPA, was also analyzed, confirming no
contamination.

The same reconstituted milk powder (1:10) sample fortified with 0.5 ng-mL™*
BPA was analyzed after every batch of 10 sample injections, to verify method
recovery values.

To avoid any BPA contamination in the employed system, all exogenous
BPA contamination sources were measured, and glassware was used whenever
possible and cleaned with MeOH using an ultrasonic bath. The MgSO, and
NaCl used in the QUEChERS treatment were both heated to 400°C overnight in a
muffle furnace and stored in glass vials with screw cap after cooling. Hexane was
filtered using a vacuum filtration system coupled to a membrane (ENVITM_18
DSK 47MM - Sigma-Aldrich).

3. Results
3.1. Modified QuEChERS Method Optimization

A minjaturized sample preparation method was optimized and validated for
whole milk BPA determinations. The proposed extraction procedure is based on
the modified QUEChERS method according to [23] [24]. Hexane and acetoni-
trile were used for the extraction, followed by drying with magnesium sulfate
and applying sodium chloride for the extraction step (salting out effect). A sol-
id-phase extraction clean-up step was not performed, as no need for additional
cleaning steps was verified.

The optimization of a modified QUEChERS method reduced milk sample
pre-treatment steps, minimizing error sources. A mean recovery of 93.8% and an
RSD of 8.3% for six powdered milk samples fortified with BPA at 1.0 ng-mL™
(1:10 reconstituted milk) were obtained. Resuspension in MeOH:H,O (80:20,
v/v) with the addition of 0.1% ammonium hydroxide in the resuspension solvent
led to a superior response, as depicted in Figure 2. The optimization of the mod-
ified QUEChERS method was, in fact, relatively quick and simple.

3.2. Method Validation

Method selectivity was evaluated by the absence of interference signals eluted at
the same BPA retention time using reconstituted whole milk powder samples
(1:10) fortified with 0.5 ng-mL™' BPA and an unfortified reconstituted whole
milk powder sample (1:10). Method selectivity was clear due to the absence of
interfering substances at the same BPA retention time, eluting at 1.350 £ 0.005
minutes (Figure 3). Confirmation was performed by comparing the signal in-
tensity ratios of the two transition ions (Q - m/z 227 > 212 and q - m/z 227 >
133) of each sample analyte with those of the standard solution.

The BPA calibration curves were constructed from 0.5 ng-mL™" to 2.0 ng-mL™"

and good linearity was achieved, with correlation coefficients (r) over 0.99. To
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Figure 2. Chromatograms demonstrating the effect of adding 0.1% ammonium hydrox-
ide in the final solvent used for milk sample resuspension at 1.0 ng-mL™* BPA. (a) Chro-
matogram representing 1.0 ng-mL™ BPA in the matrix with the addition of 0.1% ammo-
nium hydroxide in the final solvent used in sample resuspension; (b) Chromatogram
representing 1.0 ng-mL™" BPA in the matrix without the addition of 0.1% ammonium hy-

droxide in the final solvent used in sample resuspension.

assess any potential matrix effects, matrix and solvent curves were prepared at
the same concentration range from 0.5 ng:-mL™ to 2.0 ng-mL™" and compared.
Matrix/solvent slope ratios and intersections were calculated for BPA. The slopes
and intersections of the analytical curves prepared in both the solvent and the
matrix were equivalent at a 95% confidence level, confirming the absence of any
matrix effect.

The limits of detection (LD, S/N = 3) and limits of quantification (LQ, S/N =

10) for milk sample BPA concentrations were calculated as 0.12 ng-mL™' and

0.36 ng-mL™, respectively.
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Figure 3. Chromatograms demonstrating the absence of interferences at the same BPA
retention time (tR 1.35 minutes). (a) Reconstituted whole milk powder sample (1:10) for-
tified with BPA (0.5 ng-mL™) and (b) Non-fortified reconstituted whole milk powder
sample (1:10).

Concerning method accuracy, the BPA recovery results (E%) of 70.8% and
93.6% at 0.5 ng-mL™* (n = 3) and 1.0 ng-mL™" (n = 4), respectively, indicate relia-
ble accuracy and acceptable when compared to [27] [28] standards, which estab-
lish ranges between 40% to 120% and 50% to 120%, respectively, for <1 ng-g™' of
the analyte.

Repeatability was evaluated through the analysis of a reconstituted powdered
milk sample (1:10) fortified with 0.5 ng-mL™ BPA (n = 3). Repeatability was
calculated using the repeatability relative standard deviation (RSDr), while re-
producibility was calculated using the reproducibility relative standard deviation
(RSDR), established as 11% and 22%, respectively. The RSDr was compared to
the [27], which sets values below 30% for <1 ng-g™' of the analyte. The applied
method, therefore, exhibited good accuracy and precision for the evaluated BPA
levels.

3.3. Validated Method Application to the Analysis of BPA in Ilk
Samples

The validated BPA determination method was then applied to 51 whole milk
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(fluid and powdered) samples from 27 commercial brands packaged in six dif-
ferent types of packaging. The results are depicted in Table 2.

Only two samples (3.9%) contained BPA levels above the LQ (0.36 ng-mL™),
of 0.53 ng-mL™ in one reconstituted powdered whole milk (1:10) sample and
0.50 ng'-mL™ in one pasteurized whole fluid milk sample, respectively. The re-
maining samples (44 samples) contained BPA levels below the method LD (0.12
ng-mL™"), while five samples (9.8%) contained BPA levels above the LD, but be-
low the LQ.

Bisphenol A was detected in two of the 19 investigated milk powder samples
packaged in metallic polyester-polyethylene packaging (laminated film) and in
one sample packaged in a metal can. One powdered milk sample packaged in
laminated film contained 0.53 ng-mL™" BPA, above the LQ.

Among the 32 whole fluid milk samples, BPA was detected in two samples
submitted to UHT thermal treatment packed in Poly (ethylene terephthalate)
PET and Tetra Pak® packaging (below the LQ), while one milk sample submitted
to pasteurization heat treatment packaged in polyethylene (PE) and poly (viny-
lidene chloride) (PVDC) packages contained 0.50 ng-mL™ of BPA, above the
LQ. Figure 4 displays the chromatogram of the whole powdered milk sample
naturally contaminated with BPA.

Milk contamination by BPA has been assessed in several countries, with very
variable levels. For example [29] [30] [31] reported no BPA detection in milk
samples, although they did not specify what types of packaging were investi-
gated. [32] on the other hand, when evaluating different foods, including milk,
detected an average value of 1.47 ng-g™' BPA in this product, while [33] and [34]
reported 0.49 ng-g™* and 0.22 ng-g™' BPA in milk, respectively, although also not
indicating the type of packaging.

Contact food time with certain types of packaging may or may not contribute
to greater migration of packaging compounds to food. Thus, identifying the type
of packaging and type of food, in addition to the time and temperature applied
during packaging, is paramount to adequately evaluate any migration of sub-
stances present in food packages.

[35] who analyzed whole fluid milk packed in polyethylene and high-density
polyethylene packages, reported BPA values of 2.6 ng-mL™ and 1.6 ng-mL™, re-
spectively, with no BPA detected in Tetra Pak®-packed samples.

Table 2. Determination of BPA in whole milk (fluid and powder) samples.

Number of samples positive

Sample Number of samples for BPA
Fluid milk
UHT! 27 2
Pasteurized 5 1
Powdered milk 19 4
'Ultra High Temperature.
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Figure 4. Chromatogram of the reconstituted whole milk powder sample (1:10), pack-
aged in laminated film naturally contaminated by BPA (0.53 ng-mL™). This was con-
firmed by comparing the signal intensity ratios of the two ion transitions (a) Q - m/z
227 > 212 and (b) q - m/z 227 > 133.

Concerning the fluid milk samples analyzed herein, BPA was detected below
the LQ in two whole milk samples packaged in Poly (ethylene terephthalate)
(PET) and Tetra Pak® packages, while one milk sample packaged in polyethylene
PE and poly (vinylidene chloride) PVDC contained 0.50 ng:-mL™' BPA, above the
LQ.

Bisphenol A contamination has been frequently reported in dairy products,

powdered milk and infant formulas packed in metal cans, due to epoxy resin
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migration [36] [37] [38]. In the present study, BPA was detected below the LQ in
one sample packaged in a metal can and quantified (0.53 ng-mL™" BPA) in one
sample packaged in a metallic polyester-polyethylene package (laminated film).
It is important to note that milk BPA contamination can take place not only
due to the packaging migration, as this contaminant can enter the milk chain via
multiple paths, such as animal feed, the farm environment and various points
during milk production (tubes used during milk processing, milk transfer to
storage locations and filling equipment, among others), in addition to during the

technological processing employed in the final production stage.

4. Conclusions

The proposed analytical method was applied to BPA screening in commercial
milk (fluid and powder) samples presented in different packages. This com-
pound was detected in five out of the six types of analyzed packages and quanti-
fied in metallized polyester-polyethylene (laminated film) and polyethylene (PE)
and polyvinylidene chloride (PVDC) packages.

As packaging materials vary and BPA is a ubiquitous substance, it is plausible
to assume that the investigated packages may have been cross-contaminated. In
addition, milk sample contamination can take place during the entire milk pro-

duction chain, from animal feeding, to milking and milk processing.
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