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Abstract: Phthalates are the synthetic chemical plasticizers with the most varied uses and are a
source of concern due to their toxicity and ubiquity, so much so that even plasticizer-free polymers
can contain them as non-intentionally added substances (NIAS). Food packaging is among the
materials with the greatest impact. In this study, a simple protocol is proposed for the location and
identification of dimethyl phthalate, diethyl phthalate, dipropyl phthalate, and dibutyl phthalate
which is applicable to compliance studies of food packaging materials and for the associated risk
assessment. Solid phase microextraction gas chromatography/mass spectrometry was used to
evaluate the migration of four NIAS from food packaging to release media simulating food substrates.
Three plasticizer-free polymers were used: two that were lab-made and based on sodium alginate
and a commercial polyethylene film. Linearity ranged from the LOQ to 10 µg/mL; within-day and
between-day precision values were between 12.3–25.7% and 21.9–35.8%, respectively; the LOD and
LOQ were in the range 0.029–0.073 µg/mL and 0.122–0.970 µg/mL. Migration tests were conducted
for different periods of time at room temperature and at 8 ◦C. Exposure to microwaves (MW) was
also evaluated. All packaging materials tested had global migration limits lower than 10 mg/dm2 of
material surface.

Keywords: NIAS; PAEs; SPME; GC/MS; foodstuff; packaging

1. Introduction

The term plastic includes a wide range of synthetic or semi-synthetic polymeric
materials which can be easily modeled, extruded, or pressed into solid objects of various
shapes. These properties, together with other characteristics such as lightness, flexibility,
durability, and low production costs, have led to the widespread use of plastic in different
forms for various applications including food packaging [1–6].

Although the use of plastic seems to have positively influenced our daily life, the
resulting environmental pollution has far greater economic and social repercussions than
the benefits [5,6].

Packaging is the biggest contributor to global plastic waste, being responsible for
almost 50% of the total weight [5]. The sometimes poor or non-existent plastic waste
management system results in up to 90% of plastic waste being inadequately disposed [5,7].

Moreover, even if pure plastic is characterized by a relatively low toxicity, many ad-
ditives are used during its production for various reasons, such as phthalic acid esters
(phthalates, PAEs), which have been employed to soften plastic during polymerization
and are widely recognized as endocrine disruptors and are potentially carcinogenic, ter-
atogenic, and mutagenic [8,9]. Phthalates have a common core structure, but the ester
groups can be different, giving the molecules various properties. High-molecular-weight
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phthalates are more stable and are progressively replacing low-molecular-weight phtha-
lates, which are easily released in the environment since they are only physically linked to
the plastic/polymer matrix. Unfortunately, the massive use low-molecular-weight phtha-
lates for decades makes human exposure through direct contact, ingestion, or inhalation
inevitable [10].

The EU is adopting strategies on plastic to limit the risk of human and environmental
exposure [6,11] by promoting and monitoring compliance controls [12]. In this context,
today, great attention is being paid by the scientific community to the development of
alternative materials with low environmental impacts which are not dangerous for human
health and which can, if not replace, at least reduce the indiscriminate use of plastics.
Polymers produced from natural sources represent a valuable alternative for producing
these materials [13]. Alginate is a polysaccharide derived from brown seaweed that has
found numerous applications in biomedical science and engineering due to its favorable
properties including biocompatibility, ease of gelation, and malleability even without the
addition of additives [14].

However, PAEs can also be found as unintentionally added substances (NIAS) in
plasticizer-free plastics due to contamination through contact with other materials that do
contain PAEs, such as inks and/or adhesive labels, places on wrappers, and packaging
containing food, for which there are no restrictions of any kind. Phthalates are in fact in the
NIAS list, i.e., the list of all chemicals present in a food contact material or article without
having been intentionally added during the manufacturing process [10]. They can pose
a serious risk to food safety, as their presence is unknown to the consumer or even to the
manufacturer. In fact, all food packaging, even packaging declared by the manufacturer to
be plasticizer-free, can be an important source of human exposure, as PAEs can reach food
by migrating through the different materials in contact with each other,

Rule (EU) no. 10/2011 contains “Plastic Implementation Measures” (PIM), i.e., the
guidelines for assessing the risks deriving from the migration of substances from packaging
to food [15], while, according to EU Regulation no. 1907/2006 [11], good manufacturing
practices allow a release of PAEs of up to 10 mg of substance per 1 dm2 of the surface of
the material [15]. Although high-molecular-weight PAEs do not represent a risk to public
health, they cannot exceed 0.1% by weight (alone or in combination).

This work targeted four representative PAEs, i.e., dimethyl phthalate (DMP), diethyl
phthalate (DEP), dipropyl phthalate (DPP), and dibutyl phthalate (DBP), which have been
commonly used as additives by the plastic industry and tend to migrate from packaging to
food, having a high polarity and low molecular weight [16]. In fact, the European Com-
mission on endocrine disruption and all current regulations have listed DBP as a priority
substance [11], and its use is forbidden in cosmetics and personal care products [17,18] even
if (FCM No 157) it is one of the five phthalates allowed in plastic food contact materials [19].
EU Regulation no. 10/2011 [15] indicates maximum levels in the range 0.05–0.1% (w/w) in
final products for these analytes in food packaging [19], while different limits have been set
for migration levels from packaging to food, e.g., ≤0.3 mg/kg for DBP. The limit for the
sum of PAEs is set to ≤60 mg/kg of food product (10 mg/dm2 of material surface).

Usually, PAE determination requires a liquid–liquid extraction (LLE) step followed by
liquid or gas chromatography (LC, GC) [17,20–22], even if the official methods specifically
suggest the use of GC [21]. These procedures are generally time-consuming, labor-intensive,
and use a large amount of solvent [6].

A faster and green extraction is represented by solid phase microextraction (SPME)
combined with LC [4] or GC coupled with mass spectrometry (GC/MS) [22], which enables
PAE determination in water at sub-ppb levels [22].

The extraction of analytes from aqueous samples can be performed either through
direct immersion (DI) of the fiber into the liquid phase or through headspace (HS) sampling.
Adsorbed analytes are then thermally desorbed in the injection port of a gas chromatograph
and analyzed using an appropriate column and detector [23,24].
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In this work, direct immersion (DI)-SPME coupled with GC/MS was used to study
the migration of four NIAS, i.e., DMP, DEP, DPP, and DBP, from different films to various
liquids simulating food with different properties, i.e., hydrophilic, alcoholic, and fatty food,
in accordance with the Commission Regulation (EU) No 10/2011 [15]. The innovative
lab-made SA-based film [25] with and without GPE and a commercial polyethylene (PE)
film for food use were used as test substrates.

2. Materials and Methods
2.1. SA Films
2.1.1. Reagents

Alginic acid sodium salt from brown algae (medium viscosity), anhydrous CaCl2 (gran-
ular, ≤7.0 mm, purity ≥ 93.0%), and glycerol (anhydrous, reagent grade, purity ≥ 99.5%)
were purchased from Sigma Aldrich (Milan, Italy).

Grape pomace waste was received from a local supplier (L’Archetipo, Contrada Tafuri
sp21, km 7, Castellaneta, Taranto/Puglia 74011 (Italy)) and stored at −19 ◦C in glass bottles
before the use.

Distilled water was used to prepare the SA hydrogel and obtain the polyphenolic extract.

2.1.2. GPE from Grape Pomace By-Products

GPE was obtained by adding 50 g of grape waste (seeds, skin, and stems) into 1500 mL
of distilled water that was boiled for 30 min. Subsequently, vacuum filtration was conducted
to remove the residual coarse solids. Then, the derived aqueous extract was centrifuged
with a Heraeus Multifuge X3R centrifuge (Thermo Scientific, Waltham, MA, USA) and
stored at −19 ◦C in glass bottles until use [25].

2.1.3. Preparation

Three food packaging materials were used: two were lab-made and based on SA with
and without GPE, respectively, and one was a commercial PE film.

The SA hydrogels (1% w/v) were prepared by solubilizing the alginic acid sodium
salt powder in distilled water. CaCl2 (2.5% w/v) and glycerol (1 mL/100 mL) were added
as plasticizers. The mixture was stirred for 24 h at room temperature to ensure complete
alginate dissolution before being transferred to Petri plates and left at 60 ◦C for 24 h until
the solvent dried. Eventually, after soaking for 10 min in a CaCl2 5% (w/v) solution, free-
standing, water-resistant solid films were obtained. The same procedure was applied to
obtain SA/GPE (60:40, v/v) composite films [26].

2.2. Determination of the PAE Release
2.2.1. Chemicals

PAE standards (purity > 99%) were purchased from Sigma-Aldrich (Milan, Italy).
Stock solutions (1 mg/mL) were prepared in sterile filtered ultrapure water (SFUW, Sigma-
Aldrich) with 20% (w/v) NaCl (Sigma Aldrich) and stored in glass vials at 8 ◦C [22].
Working solutions were prepared daily by diluting stock solutions with SFUW and were
stored at 8 ◦C until use.

2.2.2. Experimental Design of Food PAE Release Simulation

To study the release of PAEs from the packaging, amber vials equipped with caps
with pre-drilled silicon septa were filled with 2 mL of sunflower oil (purchased from a
local market), SFUW solutions, ethanol (Sigma Aldrich) in different percentages (10, 20 and
50%), or 3% (v/v) acetic acid (Sigma Aldrich), which were used as food simulants (FS) with
different properties, as shown in Table 1 [15]. Then, each film was cut into 2 × 2 cm pieces
which were immersed in the vials for different periods of time (1 h, 1 d, 7 d, and 15 d) at
room temperature and at 8 ◦C.
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Table 1. Food simulants (FS) used for the determination of PAEs released from packaging materials [11].

FS Composition Foodstuffs

A Ethanol 10% (v/v) Hydrophilic, with pH > 4.5

B Ethanol 20% (v/v) Alcoholic, with alcohol < 20%; lipophilic

C Ethanol 50% (v/v) Alcoholic, with alcohol > 20%; lipophilic

D Acetic acid 3% (v/v) Hydrophilic, with pH < 4.5

E Vegetable oil With fat on the surface

Then, 150 µL of each solution was transferred into 1.5 mL glass vials equipped with
pierceable silicone septa caps containing 1.35 mL of 20% saline solution and a magnetic stir
bar [22]. Then, each vial was subjected to the SPME procedure schematized in Figure 1.
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Figure 1. Scheme of the SPME–GC/MS procedure.

The effect of microwaves (600 W) on the packaging immersed in the liquids of Table 1
was tested for 20 and 120 s [27] with the same procedure.

All samples were prepared in triplicate and analyzed three times. During all ex-
perimental procedures, the use of plastic objects of any type (tips, containers, etc.) was
always avoided.

2.2.3. SPME–GC/MS Experimental Conditions

The SPME device, consisting of a manual holder, a polydimethylsiloxane/divinylbenzene
(PDMS/DVB) fiber with a film thickness diameter of 65 mm, was obtained from Supelco
(Sigma-Aldrich).

DI-SPME PAE extraction was conducted under constant stirring for 20 min at 40 ◦C.
To avoid a possible “memory effect”, after the desorption step and before performing the
subsequent extraction, the fiber was kept at 200 ◦C for 30 min in the GC injector.

The GC/MS system was a Finnigan TRACE GC ultra gas chromatograph (Thermo
Fisher Scientific, Waltham, MA, USA) equipped with a split/splitless injector interfaced to
an ion trap MS (Finnigan Polaris Q, Thermo Fisher Scientific). The capillary column was a
Supelco SPB-5 (30 m, 0.25 µm i.d., 0.25 µm film thickness), with helium (purity > 99.999%,
Rivoira, Bari, Italy) as a carrier gas (flow rate 1 mL/min). The temperature of the transfer
line was 220 ◦C, while the injector (splitless mode for 2 min) was kept at 270 ◦C. The oven
temperature was 50 ◦C initially, increasing by 10 ◦C/ min from 50 ◦C to 260 ◦C, where it
was held for 3 min. The ion source temperature of the electron impact MS was set at 250 ◦C.
The electron energy was 70 eV and the filament current was 150 µA. Total ion current (TIC,
m/z range 40–300) acquisition mode was used [27]. Analytes were detected using extracted
ion chromatograms (XICs) obtained in TIC mode.
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2.2.4. Method Validation

Calibration curves were estimated in the concentration range of 0.001–10 µg/mL. The
limits of detection (LOD) were determined as (3·sda)/b and the limit of quantification
(LOQ) was (10·sda)/b, where sda is the standard deviation of the y-intercept and b is the
slope of the regression line.

The within-day (n = 3) and between-day (n = 3 over 5 days) percentages of relative
standard deviations (RSD%) were calculated at the concentration levels of 0.5, 2.5, and
5 µg/mL.

The stability of the samples was analyzed every 2 h over 24 h at room temperature.
Variations were expressed as RSD %.

Since NaCl solution could damage the SPME fibers, their robustness was evaluated
as the number of extractions which could be performed while obtaining the same analyti-
cal performances.

Recovery was assessed using the standard addition method. Known amounts of each
standard analyte solution (0.5 µg/mL) were added to the film samples (2 × 2 cm) that, after
1 h, were subsequently subjected to the developed SPME–GC/MS procedure. Recovery
was calculated according to the following formula:

Recovery% = amount found − original amount/amount spiked × 100% [28].

3. Results

Figure 2 shows a DI-SPME–GC/MS chromatogram obtained in total ion current (TIC)
acquisition mode from the analysis of a standard solution (1 µg/mL) of DMP, DEP, DPP, and
DBP, while Table 2 reports their retention time (RT), the m/z ions used for quantification,
the percentage concentrations in the standard solution, and the percentage area extracted
from the chromatogram.
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Figure 2. DI-SPME–GC/MS chromatogram (TIC acquisition mode) obtained from the analysis of a
standard solution (1 µg/mL) of DMP, DEP, DPP, and DBP.

Table 2. Main GC/MS data relevant to the selected PAEs.

PAEs RT (Min) Ion (m/z) Concentration (%, w/w) Extracted Area (%)

DMP 16.53 ± 0.05 135, 163, 194 20.5 31 ± 5

DEP 18.33 ± 0.06 105, 149, 177 23.5 27 ± 4

DPP 19.02 ± 0.06 104, 149, 167 26.5 28 ± 5

DBP 22.59 ± 0.07 149, 205, 223 29.5 14 ± 2

The method was validated in terms of linearity, limits of detection (LOD) and quantifi-
cation (LOQ), and precision. The results showed good linearity for all the analytes in the
range 0.001–10 µg/mL with correlation coefficients always better than 0.9867. The LOD and
LOQ ranged from 0.029 to 0.073 µg/mL and from 0.122–0.970 µg/mL, respectively. The
intermediate precision of the method (expressed in % RSD) for the same replicate sample
ranged from 12.9 (DMP) to 25.7 (DBP) and from 21.9 (DPP) to 35.8 (DBP) for within-day
and between-day reliability, respectively. All of the validation parameters are reported in
Table 3.
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Table 3. Analytical method validation parameters.

PAEs Slope Correlation
Coefficient

LOD
(µg/mL)

LOQ
(µg/mL)

Within-Day Between-Day

Concentration Levels (µg/mL)

0.5 2.5 5.0 0.5 2.5 5.0

DMP 6 × 107 0.9966 0.037 0.122 12.9% 12.7% 12.3% 26.0% 27.2% 26.9%

DEP 6 × 107 0.9867 0.073 0.243 15.2% 14.2% 14.8% 25.5% 25.3% 25.9%

DPP 6 × 107 0.9928 0.054 0.179 14.3% 13.6% 14.1% 22.6% 22.3% 21.9%

DBP 3 × 106 0.9965 0.029 0.970 25.7% 24.4% 25.5% 35.7% 35.8% 35.3%

Stability tests showed that the solutions were stable within 24 h at room temperature,
finding values of RSD % comparable to those reported in Table 3 for within-day measurements.

The robustness of the SPME fibers was established as reaching up to 43 extraction–
desorption cycles. It can be improved to more than 100 cycles by rinsing the fiber after each
cycle and storing it overnight in fresh water.

Table 4 reports the total PAEs released by the three considered coatings in each food
simulant (Table 1) at the different exposure times tested, which was estimated using the
developed SPME–GC/MS protocol.

Table 4. Total PAEs released by CF, SA, and SA + GPE coatings in each FS at different exposure times.

FS

1 h 1 Day 7 Days 14 Days

CF SA SA + GPE CF SA SA + GPE CF SA SA + GPE CF SA SA + GPE

mg/dm2 ± SD mg/dm2 ± SD mg/dm2 ± SD mg/dm2 ± SD

A 0.36 ± 0.02 / / 0.72 ± 0.04 / / 1.19 ± 0.06 0.18 ± 0.01 0.17 ± 0.01 1.64 ± 0.08 0.22 ± 0.01 0.17 ± 0.01

B 0.02 ± 0.01 / / 0.58 ± 0.03 0.01 ± 0.01 / 0.86 ± 0.04 0.18 ± 0.01 0.18 ± 0.01 1.20 ± 0.06 0.24 ± 0.01 0.24 ± 0.01

C 0.02 ± 0.01 / / 0.42 ± 0.03 / / 0.53 ± 0.03 0.15 ± 0.01 0.03 ± 0.01 1.09 ± 0.05 0.20 ± 0.01 0.03 ± 0.01

D 0.03 ± 0.01 / / 0.13 ± 0.01 / / 0.49 ± 0.03 0.14 ± 0.01 / 1.31 ± 0.06 0.15 ± 0.01 /

E 0.20 ± 0.01 0.06 ± 0.01 0.07 ± 0.01 0.46 ± 0.01 0.26 ± 0.01 0.30 ± 0.02 0.91 ± 0.05 0.35 ± 0.02 0.52 ± 0.03 1.70 ± 0.08 0.38 ± 0.02 0.83 ± 0.04

It is worth noting that the extraction procedure showed good results even when
applied to the extraction of the analytes in food simulants D and E, which contain amounts
of organic solvent that are usually not compatible with SPME, since samples were diluted
1:10 with NaCl water solutions leading to a final ethanol concentration of 5% and an oil–
water emulsion, respectively, which, as previously reported [29,30], can be easily subjected
to SPME.

Figure 3 shows the amounts of PAEs released per dm2 from the three packaging
polymers in FS after 14 days of immersion at room temperature.

To simulate the domestic refrigerator effect, CF, SA, and SA + GPE films were immersed
in the four test liquids and stored at 8 ◦C for 1 h, 1 d, 7 d, and 15 d. It was found that
the low temperature always hinders the release of the four considered PAEs, as well as
in the case of CF. For SA and SA + GPE, a release close to the LOD level for all the three
considered compounds was observed, even after 14 days.

The accuracy of the estimates was assessed through recovery studies, finding RSD %
values between 88.3 and 98.2.

Figure 4 reports the cumulative release of PAEs per dm2 from the three packaging
materials considered in selected simulants (Table 2) after 20 s of exposure to microwaves
(600 W).
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Figure 4. Cumulative release of PAEs per dm2 from the packaging material (CF, SA, and SA + GPE in
3% (v/v) acetic acid (A), in 10% (v/v, (B)), 20% (v/v, (C)), and 50% (v/v, (D)) ethanol, and in vegetable
oil (E), after 20 s of exposure to microwaves (600 W).

4. Discussion

Plasticizers can be intentionally added during manufacturing (IAS) but can also be
present as pollutants (NIAS) in food packaging. In the latter case, they cause greater
concern because their presence is unknown to the consumer and the producer. In this work,
three materials produced without the addition of plasticizers were selected to develop
a simple, fast, and easily automatable protocol applicable to conformity studies that are
potentially useful for consumer protection. For this purpose, the SPME–GC/MS technique
was proposed, as, after optimization, it can combine in a single step the almost selective
extraction of the target analytes from different matrices (gas, liquid or solid) with their
pre-concentration and directly transfer the results to the chromatographic separation and
detection system [24,31].

A 65 µm PDMS/DVB fiber, which was suitable for extracting the target analytes
under optimal conditions and thermally desorbing them directly into the injector of the
GC/MS system, was selected [4,22]. Traditional sample preparation methods (i.e., LLE,
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SPE, MW) and more innovative ones (i.e., accelerated solvent extraction or the ASE method)
are generally very laborious, not always environmentally friendly, given that they make
extensive use of organic solvents, or difficult to automate [32].

To test the conformity of the materials selected through the migration experiments, the
food simulants indicated in EU Regulation No. 10/2011 [6] were used. Numerous studies
in the literature have reported migration in Tenax® FS when assessing the migration of
contaminants in dry foods [33]. Here, for the first time the SPME–GC/MS technique has
been proposed for compliance studies.

The results obtained showed that all the films were polluted in traces by three of the
four selected PAEs, namely, DEP, DPP, and DBP. No traces of DMP or other PAEs, recog-
nizable by the National Institute of Standards and Technology (NIST) mass spectrometer
library, were detectable during careful inspection of the chromatograms.

As can be seen from Table 4, the total migration limit of quantified PAEs never exceeds
10 mg/dm2, as required by current regulations [15]. The largest quantity of PAEs, which
increased over time, was always released by the commercial PE film, probably because, be-
ing an industrial product, it may be more exposed to contamination by NIAS. Furthermore,
DEP, DPP, and DBP are polar compounds and tend to be more easily released into food
from non-polar polyethylene than from SA-based films.

As far as PAE contamination of SA-based films is concerned, it could be ascribed
to the plastic container of pure alginate dispensed by the manufacturing company, to
the Petri dish employed to polymerize the film, or the plastic containers used by the
manufacturing companies to supply the grape processing wastes (seeds, skin, and stems),
which could extract PAEs during the storage time, as confirmed by SPME–GC/MS analyses.
However, these causes of contamination could only partially explain the amount of PAEs
released by the polymeric films, confirming their ubiquitous nature, which leads to non-
intentional contamination [15]. To limit this release of PAEs, the possibility of carrying out
the polymerization phase in glass, ceramic, and metal plates was evaluated.

Unfortunately, the SA-based films did not polymerize correctly, always losing elasticity,
which is essential packaging applications.

Figure 3 suggests that the three re-elevated PAEs interact in a different way with
packaging materials and simulants. The longer the branched chain of the PAE, the lower
the interaction of the PAE with the polymer structure and therefore the tendency to migrate
easily towards foods [34]. Furthermore, as the branched chain increases, the lipophilic
character increases; therefore, DBP was extracted better with a 50% aqueous ethanol
solution compared to the 20 and 10% solutions, respectively [35]. For the same reason, DBP
tends to be better extracted by vegetable oil.

The amount of PAEs released was found to be dependent on the plasticizer structure
and the diffusion conditions such as MW heating. After 20 s of exposure to MWs, the
cumulative release of low-molecular-weight plasticizers reached values between 0.5 and
1.7 mg/dm2 (Figure 4), comparable to those obtained after 14 days at room temperature.
Therefore, exposure to MWs can be used to rapidly evaluate high levels of PAE pollution
for a considered plastic material. Moreover, even when increasing the MW exposure time
up to 120 s there is no significant increase (F-test, p < 0.05) in the amount of released NIAS.
The WW assistance is likely linked to the temperature increase (approximately 100 ◦C) [27]
which, in accordance with the Arrehenius equation, favors the rise in migration [16],
reaching values for PAEs released into the medium comparable to those observed after
the longest polymer/simulant contact time at room temperature. In these conditions, a
molding of the polymers was also observed.

Moreover, Figures 3 and 4 also clearly show that the polyethylene film leaches the high-
est amount of NIAS in every food simulant, probably because it is the most contaminated
plastic material among the three considered as a commercial industrial product.
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5. Limitations of the Study and Future Recommendations

The SPME–GC/MS method described has currently been validated only at our lab-
oratory level. In order, therefore, to complete its validation and to be able to possibly
propose it as an alternative, simple, fast, cheap, and low-environmental impact method to
the official methods for the determination of PAEs in food matrices, in the near future, a
comparison with an official method for the determination of the considered substances and
the estimation of intra-laboratory reproducibility will be carried out.

6. Conclusions

Although PAEs do not exhibit any acute toxicity evident in toxicology experiments, if
ingested they can accumulate in the body’s internal organs and cause long-term damage.
Therefore, their use has been legally regulated. However, given their diffusion and persis-
tence in the environment, they can pollute the most disparate materials and reach humans
unknown. Food packaging is a viable source of PAEs. Consequently, the possibility of
carrying out rigorous checks in a simple manner is desirable.

In this work, an SPME–GC/MS protocol was successfully developed for the determi-
nation of four PAEs (i.e., DMP, DEP, DDP, and DBD). The method was used to assess the
conformity of selected materials for food packaging: two lab-made polymers based on SA
and SA enriched with GPE, respectively, and a commercial PE film for food use that did
not contain PVC and plasticizers.

The release of PAEs from the considered plasticizer-free polymers was studied in
five liquid food simulants with different properties, in which each film was immersed for
different periods of time at room temperature and at 8 ◦C. The effect of microwaves (600
W) for 20 and 120 s was also tested.

The method was found to be simple, fast, and sensitive, enabling the detection of the
target NIAS released from the considered packaging in different selected media. Specifically,
a global migration limit lower than 10 mg/dm2 of material surface was registered for all
tested polymers, meaning they were legally compliant.
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