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Abstract

The impact that the presence of nanoparticles @a ftan have on the migration from food
contact materials (FCMs) of substances, which ageage in foodstuffs is regulated, is posed
in this paper through a case-study. Migration o$pbenol A (BPA) is tested from
polycarbonate glasses into aqueous food simulgi& ® acetic acid, w/v) and simulant D1
(50 % ethanol, v/v), both in the absence and prsehsilver nanopatrticles. The analysis of
the amount of BPA released into the food simulamtsonducted by comparing population
results instead of using the classical location andtter estimate{3-content tolerance
intervals are used to model the statistical distrdn of BPA migrated from the
polycarbonate glasses. Experimental measuremenfseaiormed by HPLC-FLD, and partial
least squares regression models are then fittetbtiermine the concentration of BPA. The
analytical procedure fulfils the trueness propeftye capability of detection of the method is
between 1.7 and 2,39 L' when the probabilities of false positive and fategative are
fixed at 0.05. Using-content tolerance intervals, in 90 % of the specisnof a population of
polycarbonate glasses, the amount of BPA migratéd simulant B in the presence of
AgNPs is 13.34ig L™, at least twice the quantity that migrated inabhsence of them.

Keywords: PLS; HPLC-FLD; bisphenol A; migration test; food msilants; silver
nanoparticles.

1. Introduction

Nanotechnology in food industry concerns with, amasther things, developing food
products and packaging materials with new and imrgutoproperties. Many naturally food
occurring substances exist at the nanoscale, bufowd products with prolonged shelf-life,
novel tastes and textures, health benefits, ete.baing developed and engineered in this
field [1,2,3]. The high surface area to mass rationano-sized substances can lead, for
example, to a reduction in the use of additivesessmall amounts may provide a high level
of functionality or because of their ability to pesse uniformly in foodstuffs.

On the other hand, substances may be added incfoddct materials (FCMs) in the form of
nanoparticles to increase the functionality of soterials, which includes improved barrier
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properties and better temperature performancegy,bhe antimicrobial and antifungal food
packaging properties of silver nanoparticles (AgNRs example, are well known [5,7]. For
this reason, AgNPs have been used to prepare pagkegntaining antimicrobial agents in
order to extend the product life, despite the pgadediealth risk of exposure to nanoparticles
[8,9]. The use of AgNPs in food plastic containeysnot allowed in the European Union
(except for certain silver zeolites and rubber $eHl0], but it is usual in markets outside
Europe; AgNPs are the most widely inorganic naniogas employed for antimicrobial
packaging [5]. Nanoparticles may reach the foodtansurface and release into the food
[11]; several studies on the migration of silvesnfr FCMs can be found in the literature
where silver speciation and quantification of thecfion migrated in the silver nanoform are
performed [12,13,14]. However, it seems that theraV conclusion from the analysis
performed so far is that consumer exposure is gibigi [14] because the concentrations of
AgNPs found are very low.

Nanoparticles may be present in foods as a consequd the manufacture and processing of
food or because they are transferred from the FCOMs. presence of nanoparticles in food
that comes into contact with FCMs might have eff@ttthe migration of other substances
such as non-intentionally added substances (NIAS) may be present in the FCM as a
result of reaction or degradation processes thag pdace in that material [15]. In fact, the

reactivity of many nanoparticles (metallic and metgn nanoparticles, carbonaceous and
silicon nanomaterials and polymer-based nanoscspdras led to their increasing use as
sorbents in sample preparation [16,17,18].

The aim of this work is to study the impact that firesence of nanoparticles in food could
have on the migration behaviour (from FCMs) of sabses such as bisphenol A,
formaldehyde, aromatic amines or phthalates, thauroence of which in foodstuffs is
regulated [10]. As an example to illustrate thecprure, the issue is addressed through a
case-study, to assess if the release of bispheriBBA) from polycarbonate (PC) tableware
into food simulants [19] is different in the preserand in the absence of AgNPs.

Bisphenol A was chosen because it is a compourasetl from FCMs that may be present
in food [20]. This substance is authorized [10] Giee as a monomer in plastic FCMs, with a
specific migration limit in food of 0.6 mg Ky although the European Union maintains the
ban of BPA in PC infant feeding bottles [21]. Itused as a monomer in the manufacture of
polycarbonates, which in turn are used in FCMs saghableware, storage containers or
microwave ovenware. BPA displays estrogenic proggednd acts as an endocrine-disrupting
agent, which constitutes a risk to human healtHaat, its epigenetic properties have been
confirmed [22,23].

The determination of BPA in food and food simulamteased from FCMs has been

reviewed in many papers [20,24,25,26]; analyticathods used include liquid or gas
chromatography coupled to mass spectrometry [2XLitation-emission fluorescence
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spectroscopy [28], etc. are used. European starkeMrti3130-13 [29] specifies a method for
the determination of BPA in some food simulantsHRLC-UV, which is applicable at a
minimum level of 200 pg per kilogram of food simuta

In the present work, to study the effect of AgNRsnaigration of BPA, clear PC glasses are
subjected to different test conditions under whtod residual monomer in the polycarbonate
could migrate into simulant, thereby releasing BH&0 food simulants, simulant B (3 %

acetic acid, w/v) and simulant D1 (50 % ethandl)), are used to carry out the migration
tests; these food simulants represent acidic (pih4.5 or less) and fatty (amphiphilic and
milk) foods, respectively [19].

The concentration of BPA released into the simuia@inalysed on a population basis rather
than on sample measurements because, in pradtisempossible to carry out a migration
test on the same glass in the presence and abstEneeoparticles; the validity of classical
location and scatter estimates may be not cleahig case 3-content tolerance intervals
[30,31,32] are used to model the statistical distion of BPA migrated from the PC glasses
into the food simulants. The authors in referer8% plready has stated that the migration
can be very different from one glass to another.

Experimental measurements are performed by HPLC;Falytical method that makes it
possible to reach around 1-2 pg bf BPA, well below the specific migration limit ifvod
simulants indicated above, levels necessary inwloisk given the low released quantities.
The determination of BPA is carried out by multiase calibration through partial least
squares (PLS) regression.

2. Experimental
2.1 Reagents and samples

2,2-bis(4-hydroxyphenyl)propane or BPA (CAS no.@D7; 99 % minimum purity) is
supplied by Aldrich (Saint Quentin Fallavier, FrahcSilver nanoparticles (CAS no. 7440-
22-4; 20 nm, 0.02 mg/mL in 0.002 M sodium citratge purchased from Alfa Aesar
(Karlsrue, Germany).

Ethanol (96 % vol, HiPerSolv Chromanorm) and glacacetic acid (HiPerSolv
Chromanorm) are purchased from VWR (Fontenay-saus;B France). Methanol
(LiChrosol for liquid chromatography) is supplied by Merck afinstadt, Germany).
Deionised water is obtained by using the Milli-Qadient A10 water purification system
from Millipore (Bedford, MA, USA).

A stock BPA solution of 1000 mgLis prepared in methanol for further dilution. Stards
are prepared, from the stock solution, in the gppate simulant. When appropriate, AgNPs
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are added to standard solutions to get 33.33 figflnanoparticles. All these solutions are
stored at 4 °C and protected from light.

Clear PC glasses are purchased from a local fawd and first analysed by means of Fourier
transform infrared spectroscopy (FTIR) and diffeéil@nscanning calorimetry (DSC) to
confirm what material they are made of.

2.2 Instrumental

Analyses are carried out on an Agilent 1260 InfirtPLC system (Agilent Technologies,
Santa Clara, CA, USA) that consists of a quatermaumnp VL (G1311C), standard
autosampler (G1329B), thermostated column compatin(&1316A) and fluorescence
detector (G1321B). The chromatographic column usea Kinetex® C18 100A (150 mm
length x 4.6 mm i.d., 5.0 um particle diameteruooh (Phenomenex, Torrance, CA, USA).
A P-Selecta model 210 thermostatically controllgdrois used to incubate the test samples.

2.3 Migration tests

Migration tests are carried out using two aqueama fsimulants, simulant B (3 % acetic
acid, w/v) and simulant D1 (50 % ethanol, v/v).fBiént temperatures and contact times are
assessed for the two food simulants, both in tesgirce and absence of AgNPs (see Table
1). Migration experiments are performed by glasd with simulant D1 at 74 °C for 24 h
(Experiment_Jland Experiment_1NPin the absence and presence of AgNPs, respagtivel
with food simulant B at 100 °C for 24 BXperiment_2andExperiment_2NR with simulant

D1 at 70 °C for 10 hExperiment_3andExperiment_3NJ and with simulant B at 100 °C for
10 h Experiment_Z4andExperiment_4NP That is, a total of eight migration experimeate
carried out, four of them in the presence of AgtRese labelledExperiment *NP and the
other four in the absence of them.

A population of 30 PC glasses is considered fohexperiment. In most cases, glasses filled
with simulant containing AgNPs and with just similare intermingled in the oven under
the same migration conditions.

Each migration test is performed by filling the Bi@sses to within 0.5 cm from the top with
food simulant (a volume of 180 mL) and putting thamside the oven in the darkness at a
certain temperature during a certain time. The Rntus preheated to a temperature equal to
the oven temperature before it is filled into tlsttglasses, which are covered with an
aluminium foil during the migration experiment. When appropridtgNPs are added to the
food simulant to have a concentration of 33.33 jtgThe oven temperature is kept constant
throughout the migration experiment. Following #veposure phase, the chromatographic
determination of test samples is carried out.
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2.4 Reuse migration tests

As PC glasses are very often used more than origeation tests were carried out six times
on four glasses of ea&xperiment_1Experiment_1NPExperiment_ZandExperiment_2NP

to study the influence of long term use conditiom8PA release. Once the test sample is
taken from the glasses after the first migratiast, the glasses are refilled with fresh simulant
and the entire migration procedure detaile@attion 2.3s repeated five times.

2.5 Chromatographic procedure

Standards and test samples are filtered througB2a Om-pore-size filter before the analysis.
A volume of 20uL is injected into the chromatographic system. iruabile phase consists of
70 % MeOH and 30 % water. The flow rate is set Ll min™ in isocratic elution mode.
The column compartment temperature is 20 °C. Bxmitaand emission wavelengths of the
fluorescence detector are set at 280 nm and 310aspectively.

2.6 Software

PLS models were performed with the PLS Toolbox [@4]Juse with MATLAB [35]. TheB-
content tolerance intervals were calculated throadATLAB routine made in house. The
least squares (LS) regression models were estimated STATGRAPHICS Centurion XVII
[36]. Decision limit, C@, and capability of detection, @GC were determined using the
DETARCHI program from ref. [37] where the pseudoeofbr its implementation is
available.

3. Results and discussion
3.1 Calibration model

Harsh temperature and time conditions were choserthe migration tests, taking into
account the composition of simulants B and D1 otcd the migration of bisphenol A from
polycarbonate and seeing the possible effect ohémmparticles on the amount of bisphenol
A released into the food simulants. Figure 1 shtvestime window used for the analysis of
some chromatograms obtained in the migration testsed out.

Once the migration tests are performed, calibratiegression models are needed for
determining the concentration of BPA released th# food simulants of the test samples.
Two sets of ten standards with concentrations féotm 30 pg [* of BPA are prepared; one
of them with 0 pg [* of AgNPs, and the other one with 33.33 |ifdf nanoparticles. The
level of the added concentration of AgQNPs is chdsem literature [11], on the assumption
that the total silver migrated from a FCM into g8imulant is in the form of nanopatrticles.
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A calibration model is estimated for predicting t@centration of BPA in the test samples,
in such a way that, in all the cases, the apprtgpsat of standards is measured in the same
experimental session than the test samples deffieed each migration experiment. A
regression model is fitted with standards in theealbe of AQNPs and another one with
standards containing nanoparticles for predictimms$est samples, obtained for each simulant
at each migration conditions.

Using PLS regression models has been necessarydeettze poor signal-noise ratio of the
analytical technique at the lowest levels of com@ion makes it so difficult to quantify the
area of the corresponding chromatographic peakspradictor variables, 27 fluorescence
emission intensities within the retention time mtd of 2.50 to 2.91 min (at intervals of
0.016 min) are considered. All the multivariate misdare performed throughout the
manuscript with the mean-centered data (prediatdrrasponse variables) and using leave-
one-out cross-validation.

When migration tests are performed in the cond#tiofExperiment_JandExperiment_1NP
PLS models are fitted and predictions on test niignasamples are made. However, when
the scores of the two first latent variables oftine PLS models (in the absence and presence
of AgNPs) are plotted, two groups of samples werendl in each case, depending on what
oven tray the glasses are. This was caused bettaiseen was not working properly at the
bottom tray. The proper operation of the oven atttip tray was regularly tested. For that
reasonfExperiment_JandExperiment_1NRvere repeated placing the glasses only in the top
oven tray, to avoid this effect, and from that maoimall the migration experiments are
performed in this way.

Ten new standards with concentrations of BPA fromo @0 pg L}, which are prepared in
simulant D1 (50 % ethanol, v/v) both in the absesrté presence of AQNPs, are measured to
fit new PLS regression models. These standardsmaa@sured in the same experimental
session than the repeated migration sampl&xpériment_JlandExperiment_1NPThe third
standard of the model obtained in the absence ®Psgis lost, and the first and third
standards of the model corresponding to the preseficAgNPs are removed from the
training set because they have a studentized msiigher than 2.5. The multivariate
regression models fitted with one latent varialxplan 99.0 % and 98.4 % of the variance of
the response, respectively; these are PLS modaeisl 2 in Table 1.

Next, two sets of ten standards are prepared imulaimh B (3 % acetic acid, w/v) with
concentrations of BPA from 0 to 30 pd',Lone of them containing 0 pug'lof AgNPs and
the other one with 33.33 pg'lof nanoparticles. These solutions are measurékeirsame
experimental session than samples Bfperiment_2 and Experiment_2NP The PLS
regression models fitted, models 3 and 4 in Tablexplain 99.3% of variance of the
response both in the presence and in the abse@NHs (see Table 1).
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Less severe migration conditions are tested imeh&ining migration tests. Seven standards
are prepared (concentrations of BPA from 0 to 18.jI)y both in the absence and presence
of AgNPs, in simulant D1 and in simulant B, as appiate. The PLS regression models
established for both simulants (models 5 and 6raadels 7 and 8 in Table 1, respectively)
explain over 99.2 % of the variance of the conaditn of BPA (see Table 1 for more
details).

3.2 Figures of merit

Some figures of merit are estimated as a part efviddidation of the analytical method.

Accuracy is described by trueness and precisigurdéis of merit that may be established
through the validation line, which is the regreasiime “calculated concentration” vs. “true

concentration”. Table 2 shows the parameters of vililidation lines estimated for the

analytical method performed in simulant D1 and Bthbin the absence and presence of
AgNPs, from predictions of PLS regression modelse Joint hypothesis “slope is 1 and

intercept is 0” is checked to establish the trusnek the analytical method. The joint

confidence regions (confidence ellipse) at 95 %confidence estimated for slope and
intercept in the different media include the po{tt0) in all the cases, i.e. trueness is
guaranteed for the determination of BPA.

The precision of the analytical method is estimatethis work from the residual standard
deviation of the validation lines (Table 2), whioley be considered an estimation of the
intermediate precision in the analysed concenatimge [38], from 0 to 15 pg™Lin all
cases.

The concept of decision limit, or @Cis described in ISO 11843 [39] aké value of the net
concentration the exceeding of which leads, foivam error probabilitya, to the decision
that the concentration of the analyte in the anatiymaterial is larger than that in the blank
material. And the detection capability, or @Cfor a given probability of false positive is
“the true net concentration of the analyte in theéemal to be analysed which will lead, with
probability 1-4, to the correct conclusion that the concentratiorihe analysed material is
larger than that in the blank materfalCCa and C@ are also calculated from the validation
lines since a multivariate calibration techniquesed in the analysis [40].

Recently a new procedure for calculating theB@&Cpartial least squares calibration has been
published [41]. The procedure is based on the £irovariable model and adopts the form of
an interval of C@ values instead of a single value and providesatoevfor CQ@. The work
described in the present paper is developed ingalatry framework for migration from
food contact materials and the approach proposeef.if40] is conceptually more adapted to
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ISO 11843 [39], IUPAC guidelines [42] and CommissiDecision 2002/657/EC [43] than
that of ref. [41]. For this reason, we have apptleglformer one.

The values reached for @Cand CQ@ (for a = B = 0.05) are shown in Table 2; they are
between 0.87 and 1.20 pg'and 1.67 and 2.30 pg'lrespectively, far below the specific
migration limit established by EU [10] for BPA indd, 600 ug kg. These values are also
below that reached by the method specified in EN30313 [29].

3.3 Determination of BPA migrated from glasses anallysis of results
3.3.1. Determination of the concentration of BPAdst samples

Firstly, the fitted PLS regression models are usedredict the concentration of BPA
released from the glasses of the different mignaémperiments performed. Models 1 and 2
in Table 1 are used to calculate the amount of B&léased from glasses Bkperiment_1
andExperiment_1NRespectively, after these articles are in contattt simulant D1 for 24

h at 74 °C. However, one of the test samplesEgperiment_land another one of
Experiment_1NPhave simultaneously Q residual and Hotelling’s ifidices above the
threshold values at 95 % confidence level, so #reyoutliers that have to be removed from
the test set, i.e. only 29 values of the predid@&h concentration are available for each
migration experiment. The concentration of BPA fduor samples oExperiment_land
Experiment_1NFRre shown in Figure 2 (a) and 2 (b), respectively.

PLS regression models 3 and 4 (Table 1) are usptethct the concentrations of BPA in the
samples ofExperiment_2and Experiment_2NPrespectively. Figures 2 (c) and 2 (d) show
the values of concentration calculated from theggation experiments. Higher amounts of
BPA are released from the PC glasses into simiaffior 24 h at 100 °C) than that found
above for simulant D1 (for 24 h at 74 °C).

Finally, models 5 and 6 and models 7 and 8 in Tabklre used to calculate the concentration
of BPA released into simulant D1 and simulant B Eaperiment_3and Experiment_3NP
and Experiment_4andExperiment_4NPrespectively. Some of the concentrations estichate
are below the corresponding decision limits, scsé¢hdata are excluded from the further
study. The summary statistics of the remaining daéashown in Table 3. In any case, the
concentrations found are well below that obtainexinf the experiments performed in the
more severe migration conditions both for simulahtand simulant B.

3.3.2. Analysis of resultf-content tolerance intervals
In practice, it is impossible to carry out a migvattest on the same glass in the presence and

absence of AgNPs, and in addition there may béitstigferences between glasses, so the
validity of classical location and scatter estinsai® in dispute in the present case. In this
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paper, the study is performed by comparing the |abjom results obtained from the PC
glasses analysed in each migration experimengadstf individual measurements. Figure 4
3 shows the cumulative distributions of the valoégoncentration of BPA obtained in the
different migration tests carried out.

The distribution functions of the results obtairfeain the different migration experiments
performed in the absence and presence of AgNPsanpared through the Kolmogorov-
Smirnov test. The null and alternative hypothegishe test are “there is not a statistically
significant difference between the two distribusbrand “there is a statistically significant
difference between them”, respectively. This teevets differences in the shape of
distribution such as midrange behaviour, disperssiiBwness or kurtosis. Table 3 shows the
p-values found for this test when comparing therithgtion functions of the results of the
migration tests.

When comparing the distribution functionsExperiment_3andExperiment_3NPas the p-
value (in Table 3) is greater than 0.05, the nypdthesis cannot be rejected, and it is the
same for the comparison of distribution functiofh€gperiment_4andExperiment_4NPSo

it is concluded that, at 95 % confidence levelreéhe not a statistically significant difference
between the distribution of the concentration ofAB®und in the absence and in the
presence of AgNPs both for simulant D1 and B inléiss severe migration tests performed.

However, when comparing the distribution functicsfsthe data fromExperiment_land
Experiment_1NRnd fromExperiment_ZandExperiment_2NPthe p-values obtained (Table
3) are less than 0.05, so the null hypothesisjésted and therefore it is concluded that there
is a statistically significant difference betweér tistributions of BPA migrated into both
simulant D1 and B in the absence and presence dfPAgat 95 % confidence level. In
particular, higher medians are found lxperiment_1NPand Experiment_2NPthan in
Experiment_Experiment_2

B-content tolerance intervals are used to modelsthsstical distribution of BPA migrated
from each PC glass of the population into the femdulants at the more severe migration
conditions, both in the presence and absence ofPsgNhe3-content tolerance intervals are
for a percentage of individual results and notdamean value as the confidence intervals.
They allow one to establish what is the amount BABhat will be released by a certain
percentage of the glassy (vhen the migration tests are performed.

Formally, given a random variable X (BPA concendratin our case), the one-sid¢d

content tolerance interval at the confidence leydk expressed as Eq. (1), which establishes
that at least a proportighof the values lies above b [31].

p{p{X U[b, =]} 2B} 2y (1)
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For n data normally distributed with unknown mean andarece, b is calculated by means
of equation (2) [30, 32]

bzi—%g,n_l(\/ﬁ %) @)

where X and s are the mean and standard deviatitg,lqil(\/ﬁ ZB) the critical value aty

confidence level of a t distribution with no cemparameter\/ﬁzﬁ, and z,is the critical value
of a normal distribution g confidence level.

To use Eq. 1 and EQ.2 the normality of the distrdyu of the results obtained in these
migration experiments is checked. Table 4 showsgthialues of the hypothesis tests used to
determine whether data come from a normal distiobutThe null hypothesis is “the data
come from a normal distribution” against the al&ive hypothesis “it is not a normal
distribution”. The p-values for the Chi-Squaredttasd the Kolmogorov-Smirnov test are
both above 0.05 in all cases, leading to acceptahdbe normal distribution at the 5 %
significance level.

The B-content tolerance intervals are calculated from first migration tests for different
values off3, assuming normal distribution. The intervals atedi are shown in Table 4. The
values of this table mean that, considering forngpla the last number, one can be 95 %
confident that at least 13.34) L™ of BPA migrate into simulant B in 90 % of PC glessn
presence of AgNPs, whereas only the half of BPAratés (6.77ug L) in absence of
AgNPs for the same simulant.

3.3.3. Matrix effect of silver nanopatrticles

On the other hand, the effect of the presence diPggon the analytical determination of
BPA, i.e. the matrix effect of AgQNPS, is studiedarder to ensure that the nanoparticles do
not interfere on the analytical results achievethlfor simulant D1 and B. For this purpose,
the concentration of BPA is obtained, as descrhimdw, for two sets of 15 glasses subjected
to migration conditions oExperiment_1NRndExperiment_2NPin the presence of AgNPs.
In each case, the concentration of BPA is estimasatlg a PLS model built with standards
containing AgNPs and in addition, from the sameootatographic signals, using a PLS
model built with standards containing no nanopkesiclf there is no matrix effect of AGNPs
on the chromatographic signals of BPA, then theseentrations have to be similar.

A least squares regression model is fitted with ¢bacentration predicted with the PLS

model estimated from the standards containing BRI versus the concentration calculated
with the PLS model estimated from the standardgaboing also AgNPs. The analysis is
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performed both for simulant D1 and simulant B, lseré¢ are two regression lines: y = 1.420 +
0.904 x (r = 0.860;yg = 1.157) for simulant D1, and y = -1.630 + 1.104 x 0.953, g =
0.880) for simulant B. The joint hypothesis tesplegnl above is used again to statistically
check whether slope is 1 and intercept is 0. Thalpes found for the regression models
obtained for simulant D1 and simulant B are 0.90d @.455, respectively. In both cases, the
p-value is not less than 0.05, so the null hypashissnot rejected at the 95 % confidence
level, i.e. it is concluded that the no existentenatrix effect makes it possible to apply the
PLS calibration models obtained in the absence B$ b any test sample regardless of
whether these samples have NPs.

3.4 Migration curves

Since PC glasses may be reused, experiments talprmformation on the migration over

several refilling experiments was conducted usitigeloportions of fresh food simulant as
indicated in Section 2.4. The study is performethanmost severe migration conditions, both
in the absence and in the presence of AgNPs, texisthove, in the migration conditions of
Experiment_1Experiment_1NPExperiment_2andExperiment_2NPThe migrated amounts

of BPA in each case versus reuse migration cyctesshown in Figure-5 4. For each
simulant, both in absence and in presence of AgtiEsshape of the curve of growth is
similar. For the simulant B the migrated BPA inges linearly whereas for the simulant D1
the increase it is more curved. The amount of BRgrated is quite the same in the four
cases (only four glasses were used for these emeets); and when the cycles of use
increase also the dispersion is major in the gtiastdf BPA found.

4. Conclusions

The analytical methods used for the determinatioBRA in food simulants in presence and
absence of AgNPs fulfil the trueness property, cdapability of detection of these methods
are between 1.7 and 2@ L. There is not matrix effect of the presence of RgNn such
determination in none of the simulants considered.

The migration studies show that the migration ofABRto simulant B is higher than into
simulant D1, both in the absence and presence NPAg

Using B-content tolerance intervals, in 90 % of the specisof a population of PC glasses,
the amount of BPA migrated into simulant B in thhegence of AgNPs is at least twice than
that migrated in the absence of them.
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FIGURE CAPTIONS

Figure 1

Figure 2

Figure 3

Figure 4

Chromatographic signals (time window us®dmultivariate analysis) obtained
in the migration experiments. (axperiment_1 (b) Experiment 1NP (c)
Experiment_2and (d)Experiment_2NP

Concentrations of BPA for the test sampé the migration experiments. (a)
Experiment_1(b) Experiment_1NP(c) Experiment_2and (d)Experiment_2NP

Cumulative distributions of the BPA comitation obtained in the migration
experiments. (aExperiment_1(purple dotted line) an&xperiment_1NHKgreen
solid line), (b) Experiment_2(purple dotted line) an@Experiment_2NRgreen
solid line), (c) Experiment_3(purple dotted line) an@&Experiment_3NRgreen
solid line), and (dxperiment_4purple dotted line) anBxperiment_4NFKgreen
solid line).

Migrated amount of BPA vs. reuse migratgcles. Migration conditions of: (a)
Experiment_1(b) Experiment_1NP(c) Experiment_2and (d)Experiment_2NP
Each symbol in each plot corresponds to a cert@iglBss.
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Table 1  Conditions of the migration tests and cottaréstics of the PLS models fitted (number of tate
variables and explained variance in X and Y blocks)

Migration test PLS models
X-block  Y-block
Simulant Temgerature Time AgNPs  Experiment Model thent exp!alned exp!alned
(°C) (h) variables variance variance
(%) (%)
No Experiment_1 1 1 82.59 98.98
b1 4 24 Yes Experiment_1INP 2 1 83.18 98.41
B 100 24 No Expgrlment_z 3 1 79.26 99.25
Yes Experiment_2NP 4 1 84.83 99.28
D1 70 10 No Expe_rlment_3 5 2 75.28 99.32
Yes Experiment_3NP 6 2 71.71 99.47
B 100 10 No Expe_rlment_4 7 2 77.18 99.61
Yes Experiment_4NP 8 2 66.84 99.24




Table 2  Figures of merit of the analytical methgtbpe, intercept, correlation coefficient (r) and
standard deviation of regression,jsof the validation lines, and decision limit (GCand
detection capability (C@), fora =3 = 0.05.

validation line
Simulant AgNPs CCO_(l Cqﬂ
Slope Intercept r /8 (MgL?)  (ng L))
D1 No 0.993 0.039 0.997 0.487 1.14 2.19
Yes 0.995 0.031 0.997 0.432 1.01 1.94
B No 0.996 0.023 0.998 0.372 0.87 1.67

Yes 0.992 0.043 0.996 0.515 1.20 2.30




Table 3  Statistics and p-values of the normalist ter the migration experiments
performed and p-values for the Kolmogorov-Smirnest tfor comparison of
distributions.

Standard Kolmogorov-

Count Average Median deviation  Smirnov test
Experiment_1 29 9.21 9.15 2.35 0.0483
Experiment 1NP 29 10.65 10.80 3.56
Experiment_2 30 13.89 13.08 3.98 0.0002
Experiment_2NP 30 17.34 17.53 2.23
Experiment_3 17 1.82 1.80 0.52 0.9759
Experiment_ 3NP 25 1.85 1.80 0.60
Experiment_4 29 3.08 2.70 1.53 02038
Experiment_4NP 18 2.56 2.40 1.16




Table 4 P-values of the normality tests (Chi-Sqdaemnd Kolmogorov-Smirnov tests) for the migration
experiments and lower tolerance limits (in pg),Lat 95% confidence level, for the migration of BP
from PCA glasses into food simulants in the absemzkpresence of AgNPs for different populations
above the limitf).

Normality tests B
Simulant ANPS - i Sauare Kog:‘n?ﬁg\‘l"" 10% 20% 25% 50% 75% 80%  90%
o1 No 0.4779 09518  11.38 1043 1006 847 670 624 500
Yes 0.4397 09624 1393 1250 1193 952 685 6.15 4.28
5 No 0.7029 0.8944 1756 1596 1533 12.63 9.65 887 6.77

Yes 0.6160 0.8634 19.40 18.50 18.15 16.63 14.96 14.52 13.34
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Impact of nanoparticlesin food on migration from FCMs of regulated substances.
Migration of bisphenol A from polycarbonate glasses into simulants B and D1.
Migration test performed both in the absence and presence of silver nanoparticles.

[3-content tolerance intervals describe the statistical distribution of BPA migrated.



