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Abstract

Recycling systems are unable to remove efficiently all potential contaminants acquired along the recycling chain. Therefore,
contaminants may potentially exist in recycled food packaging. The safety of recycled cellulose food-contact materials
depends on the toxicity and the ability of post-consumer contaminants to be absorbed by recycled fibers released by the
packaging and ultimately absorbed by the food. Furthermore, the migration of different contaminants is related to their
levels of contamination, structures and chemical affinity with cellulose fibers. In this study, twenty samples of cellulose
packages available in the Brazilian market were evaluated regarding migration of phthalates (dibutyl phthalate — DBP,
diisobutyl phthalate — DIBP and bis(2-ethylhexyl) phthalate — DEHP) and 2,6-diisopropylnaphthalene — DIPN into fatty
food simulant using GC-FID. Fifty percent of the cellulose packaging samples showed no migration of DIPN or of any
phthalates evaluated, whereas 20% showed migration of DIBP, 15% migration of DBP and 40% migration of DEHP.
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1. Introduction

Packaging recycling is critical to circular economy.
Recycling cellulose packaging (paper, cardboard and
corrugated paperboard) is a traditional practice in Brazil.
Since the 1990s, recycling rates have ranged from 70% to
80%. In 2019, approx. 85% of the total volume of cellulose
packaging consumed in the country was recycled!!.

Due to the use of recycled packaging to manufacture food
contact packaging, strict regulation of materials is required
to prevent risks to food safety, since recycling systems are
unable to eliminate all potential contaminants efficiently.

The fibers of recycled paper and cardboard may have
several contaminants due to: i) recycling of non-food grade
paper and cardboard; ii) recycling of printed materials,
adhesives or coatings of paper and cardboard still remaining
after recycling; iii) additives used in recycling; iv) residues
in the paper and cardboard remaining after these materials
have been used; and v) degradation products and chemical
impurities introduced in the different stages of the chainl?.

Therefore, the potential presence of contaminants in
the recycled packaging exists. Such contaminants may
migrate into food, thus resulting in risks to consumers?®7..
The safety of recycled cellulose materials for use in food
contact packaging depends on the toxicity and the ability
of post-consumer contaminants to be absorbed by recycled
fibers, then released by the packaging and ultimately absorbed
by the food. Besides, migration of different contaminants
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is related to their levels of contamination, structures and
chemical affinity with cellulose fibers.

According to EU Regulation (EC) no. 1935/2004%), any
materials intended to come into direct or indirect contact with
food should not transfer substances into food in quantities
which could endanger human health, cause unacceptable
change in food composition or bring about deterioration
in its organoleptic characteristics. Therefore, with the use
of recycled paper and cardboard in food contact materials
(FCM) a broader range of testing is recommended to ensure
consumer health. The European Food Safety Authority — EFSA
established a safe level — a group Tolerable Daily Intake
(TDI) for dibutyl phthalate — DBP and bis(2-ethylhexyl)
phthalate — DEHP 0f 0.01 and 0.05 mg per kilogram of body
weight (mg kg! bw) per day, taking into account their effects
on the reproductive system. Since the structure of diisobutyl
phthalate — DIBP is comparable to DBP, its TDI was also
set as 0.01 mg kg bw per day. TDI is an estimate of the
amount of a substance that a person can ingest daily during
his/her lifetime without any significant risks to health®..

In 2020, the European Committee for Food Contact
Materials and Articles submitted a technical guide on
materials and articles made of food-contact paper and
cardboard to public consultation, as there are no specific
requirements for these materials in Europe; however, they
must comply with the national regulations of the country
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where the products are marketed. This technical guide is
based on the regulations for paper and cardboard packaging
from Germany, France, Italy and the Netherlands; it sets
forth the following specific migration limits — SML: sum
of 0.3 mg kg! for DBP and DIBP; 1.5 mg kg for DEHP
and absence of DIPN?.

To ensure food safety, packaging in Brazil must comply
with the regulations agreed among the MERCOSUR countries
(Southern Common Market), according to Resolution RDC
no. 88, of June 29", 2016, issued by the Brazilian National
Health Surveillance Agency (Anvisa) of the Brazilian
Ministry of Health!'%. This Resolution includes a positive
list of components for materials, packages and cellulose
equipment intended to come into contact with food, specifying
maximum SML for various substances, including inorganic
contaminants, when the material includes recycled fibers in its
production. The SML for substances evaluated in this study
are the same as those adopted by the EU, i.e.: 0.3 mg kg'!
for DBP; 0.3 mg kg' for DIBP — taking into account that
the sum of DBP and DIBP must not exceed 0.3 mg kg™';
1.5 mg kg for DEHP and it must be non-detectable for
2,6-diisopropylnaphthalene — DIPN. This Resolution does not
apply to secondary packaging made of paper or cardboard,
as long as it is ensured that they do not come into contact
with food, do not interfere with food integrity and do not
transfer unhealthy substances.

Phthalates are potential contaminants that can migrate
from cellulose packaging into food. Some studies have shown
that phthalates cause genetic changes in mice, and DEHP
is an endocrine disruptor that can trigger toxic and adverse
effects, particularly in animal or human tissues and organs,
such as the pituitary gland, liver or testicles!''"'*!. However,
these additives are often unintentionally incorporated due to
the possibility and permission to use recycled pulps!'*. They
are a group of organic lipophilic chemicals used primarily
as plasticizers to increase flexibility of polymer products
and may be found in printing inks, lacquers and adhesives
of such packages. DBP, DIBP and DEHP are some of these
phthalates that can migrate into food”). Contamination may
take place when the unprinted and the printed surfaces of
the packaging touch when the cellulose material is wound or
stacked and stored. As a consequence, printing components
can migrate into food. This is known as set-off effect!!>16].

DIPN is mostly found in packaging that has been
produced from recycled office papers, since it is used as
solvent for dyes in carbonless copy paper in substitution to
polychlorinated biphenyls. It can migrate into food through
direct contact or even through gaseous transport™>!7, After
several analyses at different concentrations, Zhang, Noonan
and Begley observed that at concentrations higher than
20 mg kg! DIPN migration into food products is detected®..
According to estimation made by Coltro and Machado based
on analyses of samples contaminated with different levels of
DIPN, 12 mg kg™ is the maximum concentration of DIPN
in cellulose packaging to reach the specific migration limit
of 0.01 mg kg! or to be detected!'®.

Geueke and Muncke conducted a systematic literature
review of studies that detected phthalate migration into food
or food simulantst*. Among the studies listed by Geueke
and Muncke there is a study, from 2012, on migration
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of 33 food packaging items (11 materials) into various
food simulants (water, 3% acetic acid or 15% ethanol) in
which the authors identified migration of DEHP between
limit of detection — LOD and 17.7 pg L' (55% detection
frequency), DBP between LOD and 1.95 pg L' (33%
detection frequency) and benzyl butyl phthalate — BBP
between LOD and 0.355 ug L' (36% detection frequency).
Another study, from 2013, on 17 samples of recycled paper
and cardboard, the authors quantified DEHP migration in
12 samples, with values between 0.97 and 66.3 mg kg
In a study from 2016, conducted with 19 paper cups, the
authors analyzed extraction and migration of phthalates
into different food simulants. The results showed that all
samples contained DEHP (from 0.45 to 58.6 mg kg') and
DBP (from 0.07 to 3.14 mg kg!), while BBP was measured
in two samples. DBP migrated into 20% and 50% ethanol,
4% acetic acid and n-heptane, but not into water and DEHP
migrated only into n-heptane.

Graiflo et al. analyzed potential migrants in paper-based
candy wrappers!'"®.. The authors analyzed seven samples of
paper-based candy wrappers and two samples of popcorn
paper packaging. Among the 28 compounds identified in
the packaging samples, four phthalates were found: diethyl
phthalate — DEP (eight samples), DIBP (eight samples),
BBP (three samples) and DEHP (all samples).

Therefore, this study aims to assess migration of DIPN
and DBP, DIBP and DEHP phthalates from cellulose food
packaging commonly available in the Brazilian market into
fatty food simulant (n-heptane) to assess the exposure of
Brazilians to phthalates and DIPN.

2. Materials and Methods
2.1 Reagents

The following reagents were used in this study:
2,6 - diisopropylnaphthalene — DIPN, CAS number
24157-81-1 (Sigma—Aldrich, 99%); dibutyl phthalate — DBP,
CAS number 84-74-2 (Sigma-Aldrich, 99%); diisobutyl
phthalate — DIBP, CAS number 84-69-5 (Sigma-Aldrich,
99%); bis(2-ethylhexyl) phthalate — DEHP, CAS number
117-81-7 (Sigma-Aldrich, 99%); benzyl butyl phthalate —
BBP, CAS number 85-68-n (Sigma-Aldrich, 98%), used
as internal standard; and n-heptane p.a. (Synth), used as
fatty food simulant.

2.2 Packaging samples

Several types of cellulose packaging (paper and cardboard
used as primary and/or secondary dry food packaging were
purchased in the retail market in Campinas, Sao Paulo, Brazil
between 2016 and 2019. The packages are listed in Table 1.
The tests of specific migration from the packages into fatty
food simulant were carried out both with primary (direct
contact with food) and secondary packages.

The cellulose food packages were characterized as
to grammage and thickness. The tests were conducted at
23°C+ 1°C and 50% + 2% relative humidity after conditioning
the samples under these same conditions for at least 48 hours.

The thickness of paper and cardboard packages
was measured using mechanical scanning according
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Table 1. Cellulose food packages evaluated.

A . Grammage Thickness
Sample code Description Type of packaging/paper (¢ m)* (um)**
1-p Paper package of wheat flour A — white, printed Primary 82+2 84+4
2-p Paper package of wheat flour B — white, printed Primary 82+1 92+6
3-p Paper package of wheat flour C — white, printed Primary 80+2 96 +3
4-p Paper package of bread Primary 36+ 1 60+ 0
5-p Paper package of powdered chocolate B Primary 66+ 1 84+£5
6-p Paper packaging of cornstarch— white Primary 56+2 82+2
7-c Cardboard of powdered chocolate A — printed Secondary 263+2 425+5
8-c Cardboard of powdered chocolate B — printed Secondary 263+ 10 363+ 15
9-c Cornstarch cardboard — printed Secondary 236+2 330+2
10-c Cookie cardboard — printed Secondary 255+3 346+ 5
11-c Cardboard package of oatmeal — printed Secondary 234+3 393+3
12-¢ Cardboard package of jelly — produced in 2017 Secondary/20% scrap/ 5%PCR 256+2 n.d.
13-c Cardboard, white on both sides — produced in Nov. 2016 Secondary S511+19 1379 £ 109
14-c Cardboard — produced in Apr. 2018 Secondary/30%PCR 277+3 381+7
15-c Cardboard — produced in Jan. 2019 Secondary/30%PCR 268 + 1 352+5
16-c Takeaway pizza box (cardboard) Primary 272+2 372+ 1
17-po Corrugated paperboard of toast — white Primary 148 +4 1599 + 60
18-po Takeaway pizza box A (corrugated paperboard) Primary 533+5 1860 + 12
19-po Takeaway pizza box B (corrugated paperboard) Primary 505+6 2032 +20
20-po Takeaway pizza box C (corrugated paperboard) Primary 412+ 13 2720+ 170

*Average + Standard Deviation relating to 10 specimens. **Average + Standard Deviation relating to 20 measures. PCR = post-consumer

recycled fibers; n.d. = non determined.

to international standard ISO 459312, The thickness of
paperboard was determined according to Brazilian standard
ABNT NBRISO 303421, An external digital indicator with
maximum 5.1 mm (Starret), 0.001 mm resolution was used.
Measurements of the surface of the material were taken at
20 difterent positions. The mean value is reported in Table 1.

The grammage of the cellulose packages was measured by
determining the mass of 5 x 5 cm? test specimens according
to Brazilian standard NBR NM-ISO 5362 Amodel AE163
(Mettler Toledo) analytical balance with 0.1 mg resolution
was used. Measurements were taken from 10 specimens of
the material. The mean value is reported in Table 1.

2.3 Migration tests

The analysis was carried out in compliance with the
requirements of Resolution RDC no. 88/16!!%. Resolution
RDC no. 88/16 incorporates into the Brazilian National Legal
Framework all specifications, thresholds and requirements
laid down in GMC MERCOSUR Resolution no. 40/15
(GMC means MERCOSUR Common Market Group).
This Resolution provides different contact conditions for
migration tests, i.e. prolonged contact at room temperature,
brief contact at room temperature, momentary contact at
room temperature, processing temperature and hot filling.
In addition, this Resolution establishes four food simulants:
ultra-purified water (aqueous foods), 3% acetic acid (aqueous
acidic foods), 10% ethanol or higher content (alcoholic
foods) and n-heptane (fatty foods).

The fatty food simulant (n-heptane) was selected for
all samples under review since phthalates have a greater
affinity for fatty foods, and this is the worst scenario to study.
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Dry foods packed in cellulose packaging, such as those
evaluated in this study, are usually kept at room temperature
and have a long shelf life. For this reason, cellulose
packages/materials were evaluated in this study according
to Resolution RDC no. 88/16!'% contact condition of 20°C
+ 1°C/30 min + 1 min.

Nevertheless, in some cases food is placed in the packaging
at an elevated temperature and can remain in contact with
the packaging for a long time, as the case of takeaway pizza
boxes evaluated in this study. For these samples, a different
contact condition was adopted according to Resolution
RDC no. 88/16!"%, as follows: , 50°C £ 2°C/15 min + 1 min
followed by 20°C + 1°C/30 min + 1 min.

The specimens were dipped in n-heptane food simulant
at a ratio of 0.3 mL cm™ of the analyzed surface, and both
faces of the material were considered in the calculations.
Twelve square (5 cm) test pieces of each sample were
evaluated, totaling an area of 600 cm? (considering both
sides of the material).

2.3.1 Qverall migration into fatty food simulant

The quantification of overall migration was based on
contact of the samples with extraction solutions for times
and temperatures simulating their actual condition of use
as described previously (section 2.3). The extract solutions
were evaporated, and the residues of overall migration were
determined by the difference in weight after the contact
employing an analytical balance with 0.01 mg accuracy.

2.3.2 Specific migration into fatty food simulant

The cellulose packages/materials were evaluated as to
specific migration of DIPN and phthalates employing the
method developed in this study and using fatty food simulant
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n-heptane, which is the worst scenario due to the chemical
affinity among these substances and the simulant. For printed
cardboard samples, the outer (printed) layer was removed and
only the inner layer (without printing) was analyzed. Benzyl
butyl phthalate (BBP) was employed as internal standard
to quantify the plasticizers in the food simulant since this
plasticizer is not used in food packaging. After the contact,
the extracts were concentrated 25 times employing a rotary
evaporator from Fisatom 803, Fisatom 826T vacuum pump,
filtered in a 0.45 um polytetrafluoroethylene — PTFE filter
and injected into the GC-FID, in triplicate.

2.4 Chromatographic conditions

For analysis of migration of target substances from
packaging into food simulant, a gas chromatograph
with flame ionization detector — GC-FID, from Agilent
Technologies 7890A, equipped with an automatic injector
Agilent Technologies 7693B was used, operating with a DB-1
capillary column (30 m length x 0.25 mm [.D x 0.25 um film
thickness). The chromatographic conditions followed the
method developed by Coltro et al.”*!. The column temperature
was set to 60°C (hold 1 min), a 7°C min™ heating rate from
60°C to 100°C followed by a 15°C min™ heating rate up to
280°C (hold 5 min). The total run time was 23.7 min. The
injector and detector temperatures were 270°C and 300°C,
respectively. Injection volume was 1 pL. Split mode 35:1.

2.5 Method validation

The method was validated according to parameters of
selectivity, linearity range, detection limit, quantification
limit, recovery, precision and accuracy?**!,

2.5.1 Linearity range

The calibration curves were built in the 1 —40 mg kg'!
range (considering a concentration factor of 25 times for
solutions of 0.04 — 1.6 mg kg') and 2.5 mg kg' of BBP
(internal standard) taking into account the ratio of the areas
(phthalate area / internal standard area) and the respective
concentration of phthalate solutions. The coefficients of
linear and angular correlation were calculated per the linear
regression model.

2.5.2 Detection Limit (LOD) and Quantification Limit (LOQ)

Three analytical curves were constructed on different
days. With the average peak areas of the compounds
under study, it was possible to determine the detection and
quantification limits by means of analytical curves using
the following equations: LOQ = 10 * linear coefficient

Table 2. Analytical method validation parameters.*

error / angular coefficient and LOD = 3.3 * linear coefficient
error / angular coefficient".

2.5.3 Precision and accuracy

Two analytical curves were built, being each curve
obtained by a different analyst. The intraday repeatability
was estimated from the Relative Standard Deviation (RSD)
among the replicates of the points of one same curve. The
intermediate precision was obtained by calculating the
relative standard deviation but considering both analytical
curves. The accuracy was assessed via calculation of the
relative error (RE), expressed in percentage!®®).

2.5.4 Recovery

The recovery rate of the tests of migration from packaging
into food simulant was obtained via the ratio between
the concentrations obtained in the tests and the expected
concentration, as represented by the standard solution!?).

3. Results and Discussion
3.1 Validation of the method

3.1.1 Specific migration from packaging

Table 2 shows the validation parameters of the method
of specific migration into fatty food simulant for DIPN and
the phthalates evaluated. At least five calibration standards
with concentrations between 1 mg kg' and 40 mg kg
were prepared in order to evaluate linearity. This range
was selected due to the requirement to ensure linearity at
a working range where the specific migration limit — SML
— of the phthalates was inserted in the curve (considering
a concentration factor of 25 times). All the calibration
curves have shown acceptable determination coefficient
(r?) values (>0.9900). LOD and LOQ were lower than SML
of the phthalates and DIPN studied and sensitive enough
to evaluate possible migration of these substances from
commercial samples. The results of precision, calculated in
terms of intraday repeatability (one analyst) and intermediate
precision (two analysts), were below 10% for all substances,
indicating an acceptable repeatability of the methods. The
recovery ranged from 89% to 104% and the accuracy ranged
from -11% to 4%. The Association of Official Analytical
Chemists recommends recovery in the range of 75% to
120% for concentrations of the order of 1 mg kg'™"\. The
results obtained meet the acceptable ranges and are similar
to those obtained by other authors?*%!,

Parameter! DIPN DIBP DBP DEHP
Working range (mg kg')** 1-40 1-40 1-40 1-40
LOD (mg kg™) 0.007 0.005 0.005 0.006
LOQ (mg kg™) 0.022 0.014 0.016 0.018
Accuracy (%) -8.5t02.9 -7.3t03.5 -9.0t0 3.7 -11.4t0 4.0
Intraday repeatability (%) 0.1t01.3 0.1to 1.6 0.0to 1.2 0.0 to 4.0
Intermediate precision (%) 0.8t09.3 0.5t0 8.7 0.82a9.1 0.7t0 8.3
Recovery (%) 91.5t0 102.9 92.7t0 103.5 91.0 to 103.7 88.6 to 104.0

*Results for triplicates, except for LOD / LOQ (results from seven replicates). **Taking into account a concentration factor of 25 times, which
corresponds to a range of 0.04 — 1.6 mg kg™ in the sample. LOD = detection limit; LOQ = quantification limit.
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As can be seen, the method is suitable to determine
specific migration of the phthalates and DIPN under study,
since their SML is included in the linearity range and all
the other parameters are adequate.

Under the chromatographic conditions adopted, the retention
times obtained were 14.00, 14.67, 15.23 and 18.54 min for
DIPN, DIBP, DBP and DEHP, respectively. The internal
standard evaluated was BBP, with retention time of 17.42 min.
Therefore, there was no interference in the analysis of
phthalates and DIPN in n-heptane, since there were no
overlapping chromatographic peaks.

3.2 Migration from packages into fatty food simulant

3.2.1 Qverall migration

The results for overall migration of all samples that
were assessed were below the quantification limit of the
method, which corresponds to 2.33 mg dm™. Resolution
RDC no. 88/16!'” establishes an overall migration limit of
8.0 mg dm™, with analytical tolerance of 10%. Therefore,
according to this criterion, all packages evaluated are
approved for fatty food contact since all packages showed
lower overall migration to fatty food simulant than the limit
established by legislation. However, these samples must
also be evaluated regarding specific migration limits of the
substances specified by this Resolution.

3.2.2 Specific migration

Results of specific migration — SM of phthalates and
DIPN from five samples of cellulose packages purchased
in the retail area of Campinas, SP, Brazil showed absence
of DIPN migration (non-detected), DIBP migration levels
below limit of quantification, DIBP migration up to 0.020 mg
kg' and DEHP migration up to 0.033 mg kg %, Therefore,
with the aim of examining the exposure of Brazilians to
phthalates and DIPN, another fifteen cellulose packages
were evaluated in this study.

Table 3 shows the results of SM of phthalates and DIPN
from this broader sampling of cellulose packages purchased in
the retail area of Campinas, SP, Brazil. The samples showed
DIPN migration levels below the detection limit, but sample
20-po showed migration below the quantification limit due
to the higher temperature contact conditions. DIPN is the
most harmful substance evaluated in this study since the SML
is defined according to the toxicity of the substances and
SML for DIPN is close to zero (it should not be detected).

Migration levels of phthalates for the contact condition
0f20°C for 30 min ranged from below detection limit up to
0.200 mg kg! for DIBP, from the limit of detection up to
0.021 mg kg for DBP, and from the limit of quantification
up to 0.058 mg kg for DEHP. The specific migration of
DIBP was ten times higher than DBP and approximately
three times higher than DEHP. Since the structure of DIBP is
comparable to that of DBP and they have similar migration
rates!'®), probably these diverse migration amounts can be
due to different degrees of interaction of the contaminants
with the cellulosic fibers as well as different concentrations
of these substances in the samples.

As can be seen in Figure 1, ten samples (50%) showed
no migration of phthalates or migration below the limit of
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quantification, three samples (15%) showed migration of
DIBP, three samples (15%) showed migration of DBP and
eight samples (40%) showed migration of DEHP. Taking into
account the packaging material, 33% of the paper packages,
40% of the cardboard packages and 75% of the corrugated
cardboard packages showed migration of phthalates.

Table 3. Migration of phthalates and DIPN from cellulose packages
into n-heptane, at 20°C/30 min, in mg kg™'*.

Sample by DIBP DBP DEHP
code
I-p n.d.! n.d. n.d. 0.036 +0.001
2-p n.d. <0.014? n.d. <0.018
3-p n.d. n.d. n.d. <0.018
4-p n.d. n.d. n.d. n.d.
5-p n.d. <0.014? <0.016? <0.018?
6-p n.d. n.d. 0.021 £0.010 0.033 +0.007
7-c n.d. <0.014? n.d. 0.040 £ 0.002
8-c n.d. n.d. n.d. 0.038 =£0.001
9-¢c n.d. <0.014? <0.016 <0.018
10-¢ n.d. n.d. n.d. <0.018
11-¢ n.d. n.d. n.d. <0.018
12-c n.d. 0.200 + 0.050 <0.016? <0.018
13-¢c n.d. n.d. n.d. n.d.
14-c n.d. <0.014? <0.016>  0.058 +0.005
15-c n.d. 0.018 +0.001 <0.016° <0.018
16-c n.d. n.d. n.d. n.d.
17-po n.d. n.d. n.d. 0.035 £ 0.006
18-po n.d. n.d. n.d. n.d.
19-po? n.d. 0.043 £0.015 0.023 +0.003 0.082 + 0.029
20-po*  <0.022* 0.171+0.004 0.048 +0.001 0.289 +0.041
8-c* n.d. n.d. n.d. 0.035+0.001
10-¢* n.d. 0.019 +0.003 n.d. 0.024 £0.001
11-c* n.d. n.d. n.d. 0.019 £0.002
SML?® Non 0.3¢ 0.3° 1.5
detectable

*Results for four replicates, with triplicate injections; 'n.d. = non
detected (< LOD = Limit of detection: 0.007 mg kg (DIPN),
0.005 mg kg (DIBP and DBP) and 0.006 mg kg (DEHP);
2LOQ: Limit of quantification; *Contact conditions: 50°C/15 min +
20°C/30 min; BBP migration was also detected; ‘Including printed
surface; *Specific migration limits established in Resolution RDC
No. 88/16; °The sum of the specific migration of these phthalates
shall not exceed 0.3 mg kg™'.

SML of DIBP + DBP

]
0 0,20 °
£ o
= 0,15
&
0,10
0,05 o ¢
LoQ 4 S 04 14 ®
0,00 o L o ® o @ ® 0 &

012 3 45 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24

Paper Cardboard | Corrugat | Print |

®DIPN ®DIBP e DBP @ DEHP

Figure 1. Migration of phthalates and DIPN from cellulose
packages evaluated. (Numbers 21-23 correspond to samples 8, 10
and 11, including printed surface).
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Regarding the contaminants, the most harmful phthalate
migrated was DIBP since its TDI (0.01 mg kg! bw per
day) is lower than TDI of DEHP (0.05 mg kg™! bw per day)
and it showed the highest migration among the samples
1 to 18 evaluated at room temperature. On the other hand,
at high temperature (samples 19 and 20), DEHP was the
phthalate of major concern regarding migration. Fortunately,
the migrated amounts are below the SML of these phthalates.

Samples 19 and 20 are primary packages of takeaway
boxes of pizza, a type of food widely consumed in Brazil.
Therefore, an estimation of intake of phthalates was made.
Estimating the average consumption of 2 slices of pizza
(120 g slice™) per person with a body weight of 60 kg and
the migration values of phthalates from sample 20 (worst
case), the following values of intake of phthalates were
obtained: 0.68 pug DIBP kg! bw, 0.19 ng DBP kg! bw and
1.16 pg DEHP kg™ bw. These values are much lower than
the TDI of the phthalates studied (7% of the TDI of DIBP
and 2% of the TDI of DBP and DEHP). Therefore, even
if these phthalates are ingested from other foods along the
day, the TDI will probably not be exceeded.

Paper packages (samples 1 to 6 and 16 to 20) are the
most critical among the packages evaluated since they are
used as primary packaging and therefore, they come into
direct contact with foodstuff. Nevertheless, all the migrated
amounts are below the SML established (Table 3).

Four samples stood out among the 20 samples evaluated,
which are samples 12, 14, 19 and 20 (Figure 1). Samples 12
and 14 are cardboard packages with post-consumer recycled
PCR fibers in their formulations, i.e. 5% PCR (sample
12) and 30% PCR (sample 14). Although sample 14 had
a higher amount of PCR fibers, it showed lower migration
of phthalates than sample 12, indicating a lower degree of
contamination of sample 14, suggesting that the control of
paper recycling of sample 14 is better than sample 12. It is
worth highlighting that different manufacturers produced
these samples. Corroborating this statement, sample 15
also with 30% PCR fibers in its formulation and produced
by the same manufacturer of sample 14 in different years
(sample 14 — April 2018 and sample 15 — January 2019)
showed migration levels at LOQ or lower. These results
indicate the importance of good control of the supply chain
of post-consumer cellulose fibers used in these packages
in order to have low migration levels. Anyway, all these
samples met the established migration limits.

The levels of migration of phthalates under contact
condition of high temperature (samples 19 and 20) were higher
than the levels of long-term storage at room temperature due
to the higher temperature, which accelerated the migration
process as expected. Migration of DIPN was below the
quantification limit and migration of phthalates was up to
0.171 mg kg' for DIBP, up to 0.048 mg kg! for DBP and
up to 0.289 mg kg'! for DEHP (the highest DEHP migration
result among the samples). The larger migration of DIBP
in comparison to DBP indicates greater contamination of
these samples by DIBP since the migration rate of these
substances is similar since their chemical structures are
also similar!®l, On the other hand, the larger migration
of DEHP is probably due to its apolar long linear chain
(C,H,(C=O0R),, with R = CH,CH(CH,CH,)(CH,),CH,),
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which reduces its interaction with the polar structure of the
cellulosic fibers and promotes its migration.

A comparison between the results of specific migration of
the samples with the SML values shown in Table 3 leads to
the conclusion that all packages analyzed are in conformance
with the specific migration limit of phthalates and DIPN,
but one sample (20-op). Therefore, these packages should
not expose consumers to significant doses of DEHP, which
is a phthalate associated with problems in the reproductive
and endocrine systems, even taking into account the most
critical situation as the hot filling temperature. Regarding
DIBP and DBP, the packages showed SM in accordance
with the legislation. In relation to DIPN, for which
Resolution RDC No. 88/16 establishes that SM should not
be detectable, only one packaging (20-po) did not comply
with the legislation, since there was a detectable signal for
this compound (migration below the quantification limit).
In addition, migration of BBP from the sample 20-op was
also observed and this phthalate is not listed as an approved
substance in RDC Resolution No. 88/16.

Samples 8-c, 10-c and 11-c were also tested for specific
migration of phthalates and DIPN without removing the
printed face of the cardboard to assess the possibility of
migration of these substances from printing inks, which
might occur due to the set-off effect. As shown in Figure 1
(samples 21, 22 and 23, respectively), the results of these
tests showed increased migration of DIBP into sample 10-c
and of DEHP into samples 10-c and 11-c, indicating that the
formulations of the printing ink of these cardboards probably
contained DIBP and DEHP. For sample 8-c, there was no
increase in migration; therefore probably the printing ink
on this cardboard did not contain these phthalates. As the
concentration of phthalates that migrated to the food simulant
was low (just above LOQ), even if a set-off effect occurred,
the amount that possibly migrated would be lower than the
SML of these substances.

Therefore, these results indicate that the packages under
study are not contaminated by phthalates and DIPN, since
all of them met the SML established by Anvisa, except for
sample 20-po which showed signs of DIPN when submitted
to high temperature, besides migration of BBP (a non-listed
substance).

4. Conclusions

The GC-FID method adopted in this study enabled
the determination of migration of DIPN and phthalates
from cellulose packages into fatty food simulant. Twenty
cellulose packages used for packing dry foods usually
sold in the Brazilian market were evaluated. All packages
met the requirements of the legislation regarding overall
migration. Taking specific migration into account, 50% of
the cellulose packaging samples showed no migration of
DIPN or any phthalate evaluated in this study, while 20%
showed migration of DIBP, 15% showed migration of
DBP and 40% showed migration of DEHP. Regarding the
specific migration limits established by Resolution RDC
No. 88/16, only one package was rejected due to detection
of migration of DIPN and BBP (a non-listed substance)
among the samples of paper, cardboard and corrugated
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paperboard evaluated. The other nineteen packages met the
requirements of the legislation regarding specific migration
of DIPN, DIBP, DBP and DEHP and therefore should not
be a relevant source of contamination of dry foods.

An analysis of migration in printed samples showed that
even if the set-off effect occurred, the amount of phthalates
migrated would be lower than SML, with no risk of food
contamination.

Migration of phthalate in samples with 5% to 30% PCR
content in their formulations was below the SML values
established, enabling their use for food contact (in respect
to this requirement). The results showed that the season and
the recycling process control affect migration outcomes, so
companies need to maintain good control of reverse logistics
of cellulose fibers to ensure low migration levels.
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