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Contaminants in the paper-based food packaging materials
used in the Czech Republic
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Summary

A set of 132 packaging materials based on paper, commonly used in the Czech Republic for food products packaging,
was tested as regards the occurrence of contaminants. A number of 101 extractible substances were identified and the
levels of 68 compounds, including residues from paper pulp processing (e.g. processing aids), substances originating
from printing inks or adhesives (photoinitiators, plasticizers, solvents), impregnation and coating (solvents, hydro-
carbons) in all the tested materials were quantified using gas and liquid chromatography coupled with tandem mass
spectrometry techniques. The results indicated that phthalate plasticizers, anthraquinone, aromatic hydrocarbons and
photoinitiators formed the most frequent group of xenobiotics in paper. The highest content in tested papers was deter-
mined for dibutyl phthalate (628 mg-kg1), benzophenone (369 mg-kg-1) and diisobutyl phthalate (108 mg-kg1). Most of
the contaminants in paper packaging materials originated from materials used for modification of functional properties
(water-proof or fat-proof adjustment, coating, lamination with polymer films, etc.) and/or residues from recycled pulp.
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Paper is an important material used for manu-
facturing of food packages. It is utilized (1) plain,
(2) impregnated or coated with polymer materials,
(3) laminated by polymer and/or metallic films and
(4) decorated by printed inks. Paper materials can
come into contact with food also in other cases,
e.g. during filtration of liquid food through paper
materials or baking on “baking” paper. Compo-
nents of packaging materials in contact with food
can migrate into foodstuffs and thus increase the
xenobiotic load of the consumer organism.

Concerning the contaminants from paper
packaging, migration of residues from the recy-
cled pulp is of main importance [1-3]. There is
a significant worldwide pressure on utilization of
packaging waste. Systems of paper waste collection
are becoming better organized in consequence of
ever stricter legislative requirements. Due to this
situation, paper and paperboard containing the re-

cycled pulp are more frequently offered for appli-
cation in packaging materials intended for direct
contact with food.

The level of migration from polymeric parts of
paper-based packaging materials is controlled by
European legislation [4].

Printing inks may contain substances with
a so far incomplete toxicological profile, as print-
ed surfaces are not intended to come into direct
contact with food. However, it has been already
proven that these substances may be transferred
into food either by penetration through the food
contact layer or by the so called “set-off” trans-
fer, when contaminants from printing inks are
dissolved in the food contact layer during storage
of packaging materials in a roll. Printing inks are
complex mixtures of colorants (pigments and
dyes), vehicles or binders (various types of resins),
solvents and additives (plasticizers, desiccants,
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photoinitiators, adhesion promoters or wetting
agents, biocides, etc.). They can be formed by sys-
tems dissolved in organic solvents, by water dis-
persions, by UV-cured inks or others. In the final
form, the printing consists of a thin, dried or cured
film, which forms the outside layer or interlayer of
the packaging material [5].

At present, there is no EU-harmonized legis-
lation on (1) paper-based packaging materials in-
tended for direct contact with food, (2) control of
application of paper containing recycled pulp in
food packages similarly to that for recycled poly-
mer materials [6, 7] and (3) quality of printing
inks for food packages. Therefore, national regu-
lations are utilized for these purposes. Generally,
the Federal Institute for Risk Assessment
Recommendations for paper and board for food
contact (Berlin, Germany) [8, 9] provides the most
widely accepted rules in Europe concerning paper
packages, and Swiss Ordinance of the Federal De-
partment of Home Affairs on Materials and Ar-
ticles (Bern, Switzerland) [10] is regarded as the
most reputable regulation for the quality of print-
ing inks.

Studies on paper-based food packaging
materials published in the last decade identified
a wide range of substances including phenols [11,
12], 3-chloro-1,2-propanediol [13], methylnaph-
thalene [14], mineral oil hydrocarbons [15-20],
perfluorinated compounds (PFC) [21-24], pho-
toinitiators [25-27], phthalic acid esters [28, 29],
solvent residues [30, 31] and others. Due to the
great extent of use of packaging materials based
on paper, it is important to search the ways how
to reduce the occurrence of potentially dangerous
contaminants and minimize their transfer to the
packaged food products [32],

The aim of this research was, therefore, to in-
vestigate the presence of potentially dangerous
substances in a large set of packaging materials
based on paper used in the Czech Republic.

MATERIALS AND METHODS

Packaging materials

A set of 132 samples of paper-based food
packaging materials and completed packages
(boxes, trays, cups, sachets, etc.) used in the
Czech Republic for food products was obtained
from their producers or distributors. This collec-
tion included 69 samples of unprinted paper and
paperboard (8 of them with polyethylene or poly-
propylene coating), 12 samples of unprinted bak-
ing papers, 10 oil-proof printed papers, 31 samples
of printed paper without polymeric coating and
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10 samples of printed paper with polyethylene or
polypropylene coating. The content of recycled
pulp was known for 42 tested samples and the set
included mainly papers produced with a low con-
tent of recycled pulp (< 10%, w/w) and samples
containing more than 90 % w/w of recycled fibres.

Chemicals

The standards of the investigated substances
had a purity of 295% w/w and were purchased
from Dr. Ehrenstorfer (Augsburg, Germany),
Sigma-Aldrich Chemie (St. Louis, Missouri, USA)
or Tokyo Chemical Industry (Tokyo, Japan).
Standard mixture solution (100 ug-ml-1) of 16 poly-
cyclic aromatic hydrocarbons (PAH) was obtained
from Sigma-Aldrich. Selected perfluorinated com-
pounds (PFC) were purchased from Wellington
Laboratories (Guelph, Canada) in the form of
solutions (50 wpg'ml-l). Isotopically labelled an-
thracene (D10), benzophenone (D1o), bisphenol A
(D14) and di-2-ethylhexyl phthalate (D4) were
obtained from Sigma-Aldrich. Perfluorooctanoic
acid (PFOA, 13Cy) was purchased from Wellington
Laboratories. All quantified compounds are listed
in Tab. 1.

All solvents used were of high purity grade
and obtained from Sigma-Aldrich. Eluent addi-
tives ammonium acetate, ammonium formate and
monobasic sodium phosphate monohydrate were
purchased from Sigma-Aldrich. Water was puri-
fied by Purelab Classic system (ELGA LabWater,
Wycombe, United Kingdom). Anhydrous magne-
sium sulfate (MgSO4) and sodium chloride (NaCl)
were purchased from Merck (Darmstadt, Germa-
ny). NaCl and MgSO4 were treated by baking at
400 °C for at least 4 h.

Standards were dissolved to form stock solu-
tions (1 mgmll) in ethylacetate (PAH) or ace-
tonitrile (other compounds), respectively. Calibra-
tion solutions (0.1, 0.3, 1, 3, 10, 30, 100, 200 and
300 ng'ml-!) were prepared by dilution of work-
ing mixtures (1 pwg'ml-1), which were diluted from
stock or obtained solutions in acetonitrile.

Procedure of non-targeted screening
Solvent extraction

Tested paper packaging materials were cut into
pieces of 5 mm x 5 mm and 0.5 g of the sample
was extracted by 10 ml of methanol in an ultra-
sonic bath (Ultrasonic UC 006 DMI, Bandelin
Electronic, Berlin, Germany) for 30 min at labo-
ratory temperature. The extract was evaporated to
dryness at 40 °C using a rotary vacuum evaporator
and re-dissolved in 2 ml of methanol. A volume of
1 ul of this solution was injected into a gas chro-
matograph coupled to a mass spectrometric detec-
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tor and analysed at following conditions: gas chro-
matograph Agilent 6890N (Agilent Technologies,
Santa Clara, California, USA); detector Agilent
5973N mass selective detector, electron impact
ionization 70 eV, temperature 280 °C; capillary
column DB-5ms (30 m x 0.25 mm x 0.25 um,
Agilent Technologies); mobile phase He, flow rate
1.0 mlI'ml-L, linear speed 36.0 cm's-L; injection 1 ul
using split 1:1, temperature 250 °C; oven tem-
perature 40 °C for 1 min, increase 10 °C-min-! to
325 °C, 325 °C for 15 min. Identification of sepa-
rated substances was firstly based on comparison
of the obtained mass spectra with the spectrum
library of the chromatography software NIST MS
Search 2.0, Standard Reference Data Program
(National Institute of Standards and Technology,
Gaithersburg, Maryland, USA). The identification
was then confirmed using standard chemicals.

Solid phase extraction

An amount of 0.5 g of cut paper was placed
in a vial for solid phase microextraction (SPME).
Volatiles in headspace were trapped by SPME
fibre type divinylbenzene/carboxen/polydimethyl-
siloxane (Supelco, Bellefonte, Pennsylvania, USA)
at 40 °C for 30 min. The fibre with adsorbed vola-
tiles was transferred into the desorption port of
a gas chromatograph Agilent 7890 coupled to
a mass selective detector Agilent 5975C and ana-
lysed in the same conditions as mentioned above
for solvent extraction.

Procedure of contaminants quantification

Quantification of 68 selected contaminants
was performed using techniques of gas chroma-
tography coupled to tandem mass spectrometry
(GC-MS/MS) and high-performance liquid chro-
matography coupled to tandem mass spectrometry
(HPLC-MS/MS) after solvent extraction as de-
scribed in our previous study [33].

Expression of results

Each packaging material was tested in two
replicates and the results were averaged. Content
of each contaminant in paper was expressed as
amount of contaminant per dry matter weight of
the paper material.

Statistical analysis

At least two parallel tests were performed for
all experiments mentioned above. The mean value
(x) and the standard deviation (SD) were calcu-
lated for each xenobiotic content in twenty tested
packaging materials with the content of recycled
pulp below 10% w/w and above 90% w/w. The
difference between results of determination of

contaminant content in papers with and without
recycled fibres was evaluated statistically using
Student’s t-test (o = 0.05).

RESULTS AND DISCUSSION

The first aim of this study was to evaluate the
occurrence of contaminants in a relatively large
set of packaging materials based on paper, which
are used in the Czech Republic for packaging food
products. This was achieved by a non-targeted
screening by GC-MS technique providing iden-
tification of a maximum number of extractable
contaminants. At this stage, 132 samples of paper-
based food packaging materials were analysed and
101 extractible contaminants, including residues
from paper pulp processing (e.g. processing aids,
products of wood degradation), the substances
originating from printing inks or adhesives (pho-
toinitiators, plasticizers, solvents), impregnation
and coating (solvents, hydrocarbons), etc. were
identified.

A set of 68 substances was selected, on the
basis of the preliminary experiments and litera-
ture data, and their levels in 132 packaging
materials were quantified by GC-MS/MS and
HPLC-MS/MS techniques. The results are sum-
marized in Tab. 1. The identified xenobiotics were
arranged into groups with regard to their probable
origin: (1) eight residues from paper pulp process-
ing, (2) ten phthalate plasticizers, (3) five non-
phthalate plasticizers, (4) twenty seven aromatic
hydrocarbons, with the highest levels of isopropyl-
naphthalene isomers, (5) nine photoinitiators, (6)
three bisphenols, (7) twenty PFC, (8) five lubri-
cants, and (9) fourteen other contaminants.

Residues from paper pulp processing

Anthraquinone was the most frequent con-
taminant originating from pulp processing [34]. It
was found in 91 of the tested packaging materials
at levels from 0.015 mg'kg! to 26.5 mg-kgl. Con-
sidering the grammage of paper sheets in the range
of 50-250 g'm2 and the highest found content of
anthraquinone, the amount of this contaminant
in the packaging material could have been in the
range of 0.013-0.066 mg-dm-2. If the layer of such
paper was not separated from the packaged food
with an efficient barrier, the level of anthraqui-
none migration could easily exceed the specific
migration limit of 0.0017 mg-dm=2 (0.01 mgkg1)
given by Regulation (EC) No. 10/2011 [4].

Phthalate plasticizers
The obtained data on the occurrence of
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phthalic acid esters in paper packaging materials
confirmed that phthalates represent one of the
most common contaminants in packaging ma-
terials [28, 29]. Ten phthalic acid esters were iden-
tified and quantified in almost all tested materials.
The frequency of occurrence of each phthalate
exceeded 70 packaging materials from 132 tested,
with the only exception of dipentyl phthalate
(26 findings). Phthalates in tested paper materials
are used mainly as plasticizers in printing inks or
they originate as contaminants in recycled fibres
and/or pollutants from the environment [2, 28,
29, 35]. The most frequent esters were diisobutyl
phthalate (DIBP): 109 findings, dibutyl phthalate
(DBP): 98 findings and diethyl phthalate (DEP):
99 findings. The highest content was found for
DBP (628 mg-kg!) and DIBP (108 mg-kg!). Con-
sidering the above mentioned conditions, the
legislative limits could be exceeded during the
application of the tested packaging materials for
four phthalic acid esters, i.e. dimethyl phthalate
(DMP), DEP, DBP and DIBP.

Non-phthalate plasticizers

Concerning the identified non-phthalate plasti-
cizers, only di-2-ethylhexyl adipate contents in the
tested materials were quantified. Due to a quite
high specific migration limit (SML) for polymeric
materials (18 mg-kg1), the levels found should not
have posed a hazard for consumers. The evalua-
tion of the danger related to the occurrence of the
rest of identified and not quantified plasticizers,
i.e. tributyl phosphate, dibutyl phenyl phosphate,
diethylene glycol dibenzoate (DEGDB), methyl
n-hexadecanoate, dibutyl phenyl phosphate and
di-2-ethylhexyl fumarate, could not have been
performed. As there are no official limits for their
migration into food, even their low contents in
packaging materials could cause a problem, in par-
ticular in case of DEGDB with 46 findings.

Aromatic hydrocarbons

Contamination of paper materials with mi-
neral oil hydrocarbons (MOH) poses one of the
topical problems of paper-based packaging ma-
terials intended for direct contact with food.
Besides paraffins and naphthenes, MOHs are
constituted by aromatics, i.e. alkyl-substituted
polyaromatic hydrocarbons (PAH). Some of
them are regarded as potentially genotoxic and
carcinogenic to humans [2, 16, 36]. A number of
27 aromatic hydrocarbons were identified and
quantified in packaging materials tested in this
study. They could originate as residues of dyes
and/or solvents from printing inks, pollutants
(MOH residues, products of decomposition and
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combustion processes, components of coal tar)
from recycled fibres. The occurrence of aromatic
hydrocarbons in the tested samples was recorded
in more than 50% of the tested materials, e.g.
2,7-diisopropyl naphthalene was found in 105 of
132 tested packaging materials. The highest con-
tents were quantified for diisopropylnaphthalenes
(4.044 mgkgl) and fluorene (1.212 mgkgl).
Considering the transfer of individual PAH
from package into food is limited at the level of
0.0017 mg-dm-2, the contents of two quantified
PAH (namely, 1-methylfluorene and fluorene)
could cause migration exceeding this level. Con-
sidering the toxicity of a majority of PAH, their
frequent occurrence in a quite large set of packag-
ing materials used in practice gives rise to concern.

Photoinitiators

The growing extent of the use of UV-cured
printing inks for the decoration of food packag-
ing materials has caused the possibility of trans-
fer of photoinitiators from printed packaging into
packaged food product [37]. Nine photoinitiators
were identified and six of them quantified in pack-
aging materials tested in this study. Photoinitia-
tors were found practically in all printed materials,
e.g. benzophenone was identified in 112 packages,
4-methylbenzophenone in 102 packages. There
are no official migration limits established in the
EU legislation, but the European Printing Inks
Association (EuPIA) stated migration limits for
photoinitiators suitable for low-migration printing
inks for food packages. The only substance, which
could overpass SMLs given by EuPIA, was benzo-
phenone with a maximum content in tested mate-
rials of 369 mgkg! (EuPIA SML is 0.1 mg-dm-2),
which corresponds to a release from 0.18 mg-dm-2
to 0.92 mg:dm?2 for packaging materials with
grammage of 50-250 g'm-2) [38].

Bisphenols

The occurrence of three identified and quanti-
fied bisphenols, namely, bisphenol A (BPA), bis-
phenol F (BPF) and bisphenol S (BPS), was also
quite frequent. BPA and BPS, which are allowed
for manufacturing of polymeric food contact ma-
terials, were found in 74 and 71 cases, respec-
tively. The determined contents of BPA (up to
26.4 mgkgl) were relatively low related to the
SML given by Regulation (EC) No. 10/2011 [4]
for food contact polymers (0.1 mg-dm-2), e.g. pa-
pers with grammage of 250 grm=2 could contain
BPA maximally at a level of 0.066 mg.dm=2. In
case of BPS (maximum content found in packag-
ing material was 8.4 mgkg-1, SML for polymers is
0.0083 mg-dm-2), the packaging materials of more
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than 100 g'm 2 could have contained enough BPS
(0.0084 mg-dm2) to exceed SML in certain con-
ditions. In case of BPF, the use of which is not
allowed in food contact polymers, the packaging
material could contain enough BPF to exceed
SML (0.0017 mg-dm-2) even at the low quantified
content (a maximum of 0.87 mg-kg1), if the gram-
mage of tested papers was above 195 g-m=2. The
obtained results are in good agreement with data
published by Suctu et al. [35] and PIVvNENKO et al.
(2,3, 12].

Perfluorinated compounds

PFC are used mainly in oil-proof papers [23,
24]. In this study, 17 PFC were identified and
quantified. The frequency of occurrence of PFC
in the tested packaging materials was quite low
(i.e. in papers for baking purposes, pastry box-
es or oil-proof pouches for grilled meat) with
the exception of sodium bis(1H,1H,2H,2H-per-
fluorooctyl)phosphate (detected in 64 packaging
materials), sodium 1H,1H,2H,2H-perfluorodecyl
phosphate (26 findings), perfluorodecanephos-
phonic acid (18 findings) and perfluorohexanoic
acid (28 findings), which were also detected in
other paper materials, probably as residues from
recycled pulp. The found quantities of PFC in the
tested packaging materials were also quite low,
only perfluorooctyl phosphate and perfluorodecyl
phosphate expressed as sodium salts were found at
maximum contents of 4.8 mg-kg-! and 27.2 mg-kg-1,
respectively. These contents of PFC could easily
exceed SML at the level of 0.0017 mg-dm-2.

Lubricants and other contaminants

The rest of identified substances, i.e. five lubri-
cants on the base of methyl esters of fatty acids,
methyl dehydroabietate, aliphatic hydrocarbons
of the number of carbon atoms from C17 to C24,
2,5-dichloranilin, 4,4a,9,10-tetrahydro-4a-methyl-
2(3H)-phenanthrenone and 2,2°,5,5’-tetramethyl-
1,1’-biphenyl, were not quantified. The occur-
rence of the last three substances was quite low.
Methyl dehydroabietate is a cellulose derivative,
which is used as a component of varnishes, print-
ing inks and adhesives. The aliphatic hydrocarbons
C17-C24 were probably residues from polyolefin
components of tested packages or residues of mi-
neral oil.

The results in Tab. 1 indicate that plasticiz-
ers were the most frequent group of xenobiot-
ics identified in packaging materials based on
paper, in particular phthalic acid esters of lower
molecular weight (DMP. DEP, DBP, DIBP). The
most frequent contaminants included anthraqui-

none, several aromatic hydrocarbons (1-me-
thyl fluorene, diisopropyl naphthalene isomers,
phenanthrene) and photoinitiators (4-methyl ben-
zophenone, benzophenone). The contaminants
of the highest content in tested papers comprised
DBP (628 mg-kg'!), benzophenone (369 mg-kg1),
DIBP (108 mg'kg!) and 2-ethylhexyl-4-dimethyl-
amino benzoate (53.5 mg-kg1). No difference in
the content of contaminants was found between
papers with various grammage. The results
proved a higher occurrence of contaminants in
printed packaging materials as well as in papers
with higher contents of recycled fibres. The nega-
tive effect of the use of recycled pulp, resulting in
an increase of the content of extractable contami-
nants, was reported in several previous studies [1,
2,11, 16, 17, 39] and the results of our experiments
confirmed those published results. In Fig. 1, the
average contents of ten important contaminants
in plain papers with low (less than 10 % w/w) and
high (above 90% w/w) contents of recycled pulp
are compared. Eight samples with low and twelve
samples with high contents of recycled fibres
were included in this comparison. It can be seen
that, with the exception of anthraquinone, which
is a residue from pulp processing, the contents
of all other analysed contaminants were signifi-
cantly higher in samples containing recycled pulp
(a0 = 0.05).

The obtained results show that a number of the
tested substances occur in packaging materials in
quantities that could exceed the migration limits
laid down by valid legislation.

Anthraquinone

Bisphenol A
4-Methylbenzophenone
Benzophenone

Dibutyl phthalate
Bis(2-ethylhexyl) phthalate
Diisodecyl phthalate

Diisononyl phthalate

2,6-Diisopropylnaphthalene B >90% of recydled pulp

2,7-Diisopropylnaphthalene [J <10% of recycled pulp

0 2 4 6 8 10
Content [mg kg™']

Fig. 1. Comparison of average contents of typical
contaminants in plain papers with recycled fibres con-
tent below 10 % w/w and above 90 % w/w.
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CONCLUSIONS

The range of contaminants with possible
occurrence in paper packaging materials intended
for food contact is very wide, including residues
from paper pulp processing (e.g. processing aids,
products of wood degradation), substances origi-
nating from printing inks or adhesives (photoini-
tiators, plasticizers, solvents) and impregnation
and coating (solvents, hydrocarbons). DBP, DIBP
and benzophenone were found as the most fre-
quent contaminants of paper materials, being also
present at the highest contents. Most of the con-
taminants in paper packaging materials originate
from materials used for modification of functional
properties (water-proof or fat-proof adjustment,
coating, printing, lamination with polymer films,
etc.) or are residues from recycled pulp.
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