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1 What are NIAS?

Food contact materials (FCMs) and food contact articles (FCAs) may
contain non-intentionally added substances (NIAS) which can
potentially migrate into food. NIAS comprise all substances that have
not been added for a technical reason during manufacturing of FCMs
and FCAs. They have various sources and can be grouped into side
products, breakdown products, and contaminants (Figure 1A). NIAS
can enter the supply chain of FCMs/FCAs at any level, e.g., during
chemical syntheses of raw materials as well as manufacture, transport,
and recycling. The awareness of NIAS as an issue of concern for food
safety has grown during the last years due to increasing sensitivity in
chemical analysis and the random identification of potentially
hazardous chemicals migrating from FCMs and FCAs [1-3].

Since many FCMs and FCAs have a high chemical complexity, a
complete characterization of all NIAS is currently unrealistic [4]. It has
been estimated that tens of thousands of substances migrate from
FCMs and FCAs [5]; thus it is a challenge to identify those NIAS that
may be of concern. While more and more NIAS are being identified
over time, not all these known substances have been risk assessed so
far (Figure 1B). Other NIAS may have been detected by chemical
analysis but their structures remain unknown; thus, conclusions on the
safety cannot be drawn. The last group of NIAS are those substances
which completely stay under the radar, because they are not detected
by any of the applied analytical methods.

NIAS may be predicted based on the knowledge of chemical
processes, manufacturer's experience, and conditions of use. Such
substances may then be identified and quantified rather easily by
targeted chemical analyses (Figure 1C). However, many other NIAS
cannot be predicted at present. They may either be detected by non-
targeted screening methods or remain completely unknown.

The term NIAS was introduced for plastic FCMs in Europe in the legal
context (Commission Regulation (EU) No 10/2011). However, NIAS do
not only occur in plastic, but also in non-plastic FCMs (e.g., paper and
board, coatings, adhesives, printing inks, silicones, glass, ceramics).

2 Origins of NIAS

Here, we describe the different sources of NIAS (Figure 1A) and give
selected examples that illustrate the current knowledge, but also the
difficulties in analyzing these unwanted compounds (Table 1).

2.1 Side products

FCAs are often composed of several types of FCMs that are produced
in individual steps and finally combined. Side reactions may already
occur during the production of the starting substances, but also during
all further manufacturing stages. For many processes, major side
products are known (Table 1). Such NIAS can easily be monitored, or
their formation may even be reduced by changing the process
parameters. However, considering the high number of starting
substances used to produce FCMs and the complexity of
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manufacturing processes, a comprehensive prediction of all potential
side products remaining in the final FCA is currently impossible [6].
Oligomers are typical side products formed during the synthesis of
polymers [7]. In terms of quantity, oligomers can strongly contribute to
the overall migrate of a plastic FCM [8, 9]. Although their presence is
usually known to the manufacturer, the risk assessment of oligomeric
mixtures is challenging, because of their complex composition.

2.2 Break-down products

Both the structure-providing constituents of FCMs (e.g., polymers,
fibers) as well as additives may undergo chemical reactions during
manufacture and use. Such processes can be caused or accelerated
by external factors such as heat treatment, irradiation, and contact with
food and/or oxygen. Some types of additives form intended reaction
products while fulfilling their function during use (e.g., antioxidants).
These degradation products are often predictable and well-known [4,
10, 11], but nevertheless they are defined as NIAS. Break-down
products of polymers often fall into the category of unknown NIAS [12].
They have a lower molecular weight than their parent compounds, and
therefore higher diffusion coefficients and increased migration
potential. Whether break-down products of polymers leading to the
original starting substances (e.g., bisphenol A formed via degradation
of polycarbonate) shall be considered NIAS or intentionally added
substances needs further specification (see 4.1).

A NIAS
[ Side products ] [Breakdown products] [ Contaminants ]
B NIAS

Identified & Identified, but Detected, but Not
assessed not assessed not identified detected

C NIAS
Unpredicted: ]

Predicted:
Targeted chemical analysis Non-targeted screening methods

Figure 1. Origins (A) and categories (B, C) of non-intentionally added
substances (NIAS).
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2.3 Contaminants

Contaminants in FCMs and FCAs have various origins and can be
introduced at any stage of production and use.

Impurities and environmental contaminants

Polymer starting substances, additives, and other materials such as
solvents that are used for producing FCMs often contain impurities,
since they are generally of technical grade. European legislation
requires that FCMs are manufactured under good manufacturing
practice from starting substances compliant with pre-established
specifications (Commission Regulation (EC) No 2023/2006). However,
the levels and composition of impurities in starting materials may vary
from batch to batch. Main impurities are generally known and controlled
by the producer, whereas minor impurities are often unknown [4].
Heavy metals are examples of trace elements and environmental
contaminants that may be already present in the raw materials and
remain as NIAS in the final FCA. An example is lead in glass
containers, which is a geogenic element present in glass’ raw material,
silica sand.

Process contaminants

Residual cleaning agents and residues from previous batches as well
as non-authorized biocides and lubricants are examples of typical
process chemicals that may contaminate FCMs and FCAs during their
production. In contrast to the other types of contaminants, such NIAS
may be rather easily identified and avoided.

Contaminants related to recycling

FCMs consisting of recycled materials are part of the solution to the
circular economy, but can be of special concern, because they may be
contaminated with NIAS from many different sources. Firstly, recycling
streams may contain non-food grade materials introducing unwanted
substances into the recycled product [13]. Secondly, recycling
processes may be disturbed by incompatible materials that are not
sorted out in advance or are difficult to separate (e.g., adhesives,
printing inks, coatings) [14, 15]. Thirdly, certain materials (e.g., plastics,
paper and board) change their physico-chemical properties and tend
to form degradation products during use and recycling [16]. Fourthly,
food components sorbed to the FCM as well as residues of process
chemicals and/or consumer misuse can additionally introduce NIAS
[17,18].

The resulting, often undefined mixtures of chemicals that are present
during recycling can react and form additional substances that extend
the list of potential NIAS. Furthermore, accumulation of chemicals
might occur when materials are recycled several times. Thus, the
prediction, identification, and management of NIAS in recycled
materials is a formidable challenge because of the difficulty in tracing
their origin.

3 Analytical techniques

Advances in analytical methods enable the detection of increasing
numbers of NIAS in FCMs. The FCM itself, a migrate or an extract can
be analyzed or screened for predicted or unpredicted NIAS.

Polymers and solid food simulants can be analyzed by direct thermal
desorption techniques, such as atmospheric solids analysis probe
(ASAP) mass spectrometry (MS) [19], direct analysis in-real-time
(DART) MS [20], desorption electrospray ionization (DESI) MS [21],
and X-ray fluorescence spectrophotometry [22]. These methods do not
require any extraction steps and do not separate the analytes further.
Therefore, it is a quick technique, but should be only used to analyze
well-known substances due to the complicated fragmentation patterns
that are usually obtained.

Any chromatographic analysis of solid samples requires an extraction
or migration step that transfers as many compounds as possible into
the liquid or gaseous phase or is representative for what may migrate
into food. Samples of FCMs and solid food simulants such as Tenax®
can be extracted by solid-liquid extraction and then separated by
chromatographic steps. Further options for polymer analyses are
thermodesorption of very volatile substances followed by gas
chromatography (GC)-MS or the dissolution of the complete material
followed by any analytical method. Liquid food simulants that are used
in migration tests can either be analyzed directly or extracted by solid-
phase or liquid-liquid (micro-)extraction steps. Extraction helps to
concentrate and prepare a sample for further analysis but might result
in some loss of material due to incomplete transfer.

Extracts and migrates are separated by GC or liquid chromatography
(LC), connected to, e.g., MS, flame ionization, ultraviolet or
fluorescence detectors. Combinations of different methods and
complementary approaches help to identify a wider range of
substances. GC is suitable for (semi-)volatile substances, whereas LC
should be used for compounds that are thermally instable, non- or
highly volatile [23]. The most powerful detection techniques are all
based on MS. Different mass analyzers, such as quadrupole, ion trap,
or time of flight, can be used in LC-MS and GC-MS. They can also be
applied as hybrid instruments to unify the advantages of the single
detectors in one instrument and facilitate any non-targeted analysis
[23]. Such data may be further supported by nuclear magnetic
resonance (NMR) spectrometry. With increasing power of analytical
tools, data evaluation relies more and more on algorithms. Once a
mass spectrum is obtained, it can be searched, often together with the
retention index information, in spectral libraries in order to identify the
analyzed compound [24]. The elemental composition of an unknown
substance can be characterized by high-resolution MS based on the
accurate masses it provides. Combining all available information
(spectra, retention index, elemental composition, isotopic pattern,
structure suggestions by software tools, database searches, and
sample information) helps to assign a structure to previously unknown
compounds. However, many substances remain unidentified despite
strong analytical efforts.

For risk assessment purposes, the concentrations of individual NIAS
need to be known. Since analytical standards are often missing, actual
levels cannot be measured. The concentrations are then estimated by
comparing the peak areas with one or several internal standards.
Internal standards can be closely or distantly related to the substance
being measured, thus adding to the quantification uncertainty.
Depending on the detector used the response signals can vary
significantly. Different studies have shown that the prediction error
ranges of detectors optimized for ‘uniform’ responses differ by factors
between 3 and 6 [25, 26].

Almost every study investigating NIAS reports non-identified
substances (Figure 1B, orange box) [13, 27-30] and experts agree that
some NIAS may also be overlooked by current analytical techniques
[31].
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Table 1. Selected examples of NIAS detected in different types of food contact materials. Sorted according to their origins (A) and classifications (B,C).

A NIAS Type of FCM/FCA Comments Ref.
Side products Primary aromatic amines Multilayer films glued with polyurethane (PU Reaction products from residual isocyanates with moisture. [32]
adhesives
Caprolactam oligomers, (cyclic) polyester  Flexible multilayer materials; joined by PU Caprolactam oligomers derived from polyamide layer; identification of [33]
oligomers adhesives various PU oligomers, depending on the starting substances.
Derivatives of bisphenol A diglycidyl Epoxy can coatings Polymerization side products. The sum of migration of BADGE and some of [34-
ether (BADGE) its derivatives is regulated in Commission Regulation EC 1895/2005. 39]
Styrene oligomers Polystyrene food packaging Mainly dimers and trimers. [40]
Cyclic oligoesters Polyester can coatings (Tentative) identification of oligomers possible if monomers are known. [41]
Unreacted molecules, dehydroxylated Polycarbonate tableware Substances possibly derived from incomplete polymerization. [7]
bisphenol A derivatives
Break-down Polyolefin oligomeric saturated Polypropylene (PP) films, without additives Electron-beam processing increased concentration of POSH tenfold. [42]
products hydrocarbons (POSH)
Dimer and trimer of polycarbonate Polycarbonate (PC) tableware Possible hydrolysis products; oligomer levels positively correlated with age of  [7]
the material.
Degradation products of antioxidants PP films, with additives Additives reduced degradation of polymer backbone after radiation-energy [42]
treatments, but generated degradation products themselves.
Several degradation products of Multilayer-multimaterial printed films Focus on print transformation products and their set-off capabilities. [43]
photoinitiators and antioxidants
Carbonyl compounds PET bottles Thermo-oxidative and thermo-mechanical degradation of PET. [44,
45]
Nonylphenol Polyvinyl chloride (PVC) films Tris(nonylphenol) phosphite used as an antioxidant in PVC films is degraded  [46]
into nonylphenol.
Semicarbazide Foamed PVC seals of metal lids Thermal break-down product of blowing agent azodicarbonamide. Since [47]
2005, the use of azodicarbonamide as blowing agent is prohibited in the
European Union (Commission Directive 2004/1/EC).
Mono-, polychlorohydrines; cyclic PVC seals of metal lids Reaction products of hydrochloric acid (released from PVC) and epoxidized [48]
derivatives soybean oil (plasticizer and stabilizer).
Contaminants Various substances found in plastic Plastic polymers (PP, high-density Additives used for the manufacture of different types of plastic contain many [4]

additives

polyethylene (HDPE), polystyrene (PS), PVC,

PET, polyamide (PA)) containing
representative additives

unexpected impurities.
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A NIAS Type of FCM/FCA Comments Ref.
Contaminants Di-(2-ethylhexyl) maleate (DEHM) Printed cardboard boxes DEHM is unreacted starting material in di(2-ethylhexyl) sulfosuccinate which [49]
is used as emulsifier for varnishes.
N2-Dodecanoyl-L-arginine (LAS) Active packaging based on PET film, LAS already present in LAE starting material, migration of LAS possible. [27]
containing ethyl lauroyl arginate (LAE) as
antimicrobial substance
Phthalates PET bottles Unknown origin. [44]
Several antioxidants and one plasticizer Recycled PET pellets/flakes Contaminants from recycling processes; detected substances are typically [29]
used in PVC.
Mineral oil hydrocarbons, bisphenols, Recycled paper and board Contaminants partially assigned to specific types of paper and board used [13,
phthalates, diisopropylnaphthalenes, for recycling. 30,
photoinitiators 50]
B
Confirmed & Cylco-diBA Epoxy can coatings In silico assessment performed, more data needed. [2,
assessed 51,
52]
Confirmed, but not 75 substances tentatively identified Recycled paperboard 15 out of 75 substances prioritized for further in vitro testing, but commercial [53]
assessed standards for only 7 substances available.
Detected, but not ? Plastic polymers (PP, HDPE, PS, PVC, PET, Although comprehensive lists of possible impurities, degradation and [4]
identified PA) containing commonly used additives reaction products of plastic additives were provided, and substances were
confirmed by chemical analyses, many NIAS remained unidentified
(especially for PP, HDPE and PVC).
? Multilayer packaging 10 out of more than 60 substances detected in screening tests were not [28]
identified.
Not detected ? - Estimates range from 10°000 to 100’000 NIAS in total. [5]
Cc
Predicted: Targeted See parts A and B See parts Aand B Many of the NIAS shown in parts A and B of this table are substances that
chemical analysis can now be predicted based on the demonstrated experience and monitored
by targeted chemical analysis.
Unpredicted: Non- 101 substances identified Paper and board Identification of substances used in paper pulp processing (e.g., processing [54]
targeted screening aids) and substances originating from printing inks or adhesives (e.g.,
photoinitiators, plasticizers, solvents), impregnation and coating (e.g.,
solvents, hydrocarbons).
140 substances extracted, Silicone rubber teats Identified substances were grouped into 12 categories: Alkanes, siloxanes, [55]

53 substances identified

aromatics, aldehydes, trimethylsilanol, butylated hydroxytoluene, N,N-
dibutylformamide and benzothiazole.




4 Regulations

4.1 European Union

Article 3 of the European Framework Regulation on FCMs and FCAs

states that
“materials and articles, including active and intelligent materials
and articles, shall be manufactured in compliance with good
manufacturing practice so that, under normal or foreseeable
conditions of use, they do not transfer their constituents to food in
quantities which could: (a) endanger human health; or (b) bring
about an unacceptable change in the composition of the food; or
(c) bring about a deterioration in the organoleptic characteristics

thereof.” (Regulation (EC) No 1935/2004)

NIAS are defined in article 3 of the Plastics Regulation as
“an impurity in the substances used or a reaction intermediate
formed during the production process or a decomposition or
reaction product.” (Commission Regulation (EU) No 10/2011)

Further specifications are given in recital (18) and (20):

“(18) Substances used in the manufacture of plastic materials or
articles may contain impurities originating from their
manufacturing or extraction process. These impurities are non-
intentionally added together with the substance in the
manufacture of the plastic material (non-intentionally added
substance — NIAS). As far as they are relevant for the risk
assessment the main impurities of a substance should be
considered and if necessary be included in the specifications of a
substance. However it is not possible to list and consider all
impurities in the authorisation. Therefore they may be present in
the material or article but not included in the Union list.”

“(20) During the manufacture and use of plastic materials and
articles reaction and degradation products can be formed. These
reaction and degradation products are non-intentionally present in
the plastic material (NIAS). As far as they are relevant for the risk
assessment the main reaction and degradation products of the
intended application of a substance should be considered and
included in the restrictions of the substance. However it is not
possible to list and consider all reaction and degradation products
in the authorisation. Therefore they should not be listed as single
entries in the Union list. Any potential health risk in the final
material or article arising from reaction and degradation products
should be assessed by the manufacturer in accordance with
internationally ~ recognised  scientific  principles on  risk
assessment.” (Commission Regulation (EU) No 10/2011)

It is in accordance with the current European legislation that NIAS are
present in FCMs and FCAs, but the manufacturer is obliged to ensure
their safety by assessing all substances that may migrate from the final
product. In 2016, the European Parliament emphasized the importance
of further scientific research on NIAS to enable their risk assessment
[56].

At the moment no levels of migration or exposure are set for which
compliance with the safety requirements can be demonstrated. Thus,
it is the responsibility of the producer of the food packaging and/or the
food packer to conduct a risk assessment and define the level below
which migration of NIAS does not pose a threat to human health.
Hence, self-regulation by industry is currently expected. Practically, a
threshold of 10 pg/kg (10 ppb) in food is often recommended by testing
laboratories and used by manufacturers. This level has been specified
in the Plastics Regulation (EU) No 10/2011 for migration through a
functional barrier: Unauthorized, but intentionally added substances
may be used in FCM plastics behind a functional barrier provided they
do not migrate at levels above 10 pg/kg food; substances that are
known to be carcinogenic, mutagenic or toxic for reproduction (CMR)

or have nanomaterial properties may not be used accordingly. The
threshold of 10 pg/kg is a pragmatic limit and not based on current
toxicological understanding. Generally, it is accepted that only
compounds <1000 Da are considered as NIAS, assuming that
substances with a higher molecular weight cannot be absorbed in the
body ((EU) No 10/2011, preamble paragraph 8). Therefore,
compounds >1000 Da are generally not further dealt with during the
analysis of NIAS, although scientific evidence exists that these
substances are also taken up in the gut [57].

4.2 United States

Any food contact substance (FCS) that is reasonably expected to
migrate into food because of its intended use in an FCA must comply
with the legal requirements [58, 59]. An FCS is defined as “any
substance that is intended for use as a component of materials used in
manufacturing, packing, packaging, transporting, or holding food if
such use is not intended to have any technical effect in such food” (21
CFR 170.3(e)). This definition does not cover substances that are non-
intentionally added, and the term NIAS is not used in a legal context in
the US. However, there are several provisions concerning some types
of NIAS. For example, the safety assessment of an FCS shall include
also “any substance formed in or on food because of its use” (21 CER
170.3(i)). Under 21 CER 174.5, any FCS “shall be of a purity suitable
for its intended use” and, also in the case of polymers, the submission
of information on the major impurites and side reactions is
recommended [60].

4.3 China

Standard GB 4806.1 provides a definition for NIAS that includes
impurities in FCMs originating, e.g., from the raw materials,
decomposition  products, and residual reaction products.
Manufacturers of FCMs shall perform a risk assessment and confirm
the safety of NIAS, but explicit approvals are not required under GB
4806.1 [61].

5 Approaches to handling the risk of
NIAS

Although NIAS are mentioned in the Framework Regulation ((EC) No
1935/2004) and in the Plastics Regulation ((EU) No 10/2011), no clear
advice is given by authorities on how their safety should be assessed.
In 2015, ILSI Europe published a guidance document on the risk
assessment of NIAS to be based on information collection, chemical
analysis, hazard identification and characterization, and exposure
assessment [31]. Furthermore, different guidance documents have
been released by European industry associations summarizing the
efforts of FCM manufacturers to assess NIAS [62, 63].

5.1 Identification of NIAS

A basic requirement to facilitate the identification and subsequent risk
assessment of NIAS is the transfer of relevant information through the
supply chain. Ideally, good communication and assumption of
responsibilities help to avoid knowledge gaps and duplication of work
[31]. For specific stages of the production chain, NIAS may be rather
easily predicted based on previous experience and/or theoretical
chemistry. Since NIAS can further react during the following processing
steps or be passed on to the final FCA, it is of high importance to
consider any relevant information upstream and downstream of the
supply chain. Detailed knowledge of the starting substances and
processes strongly facilitates the analysis of NIAS in the final product,
as has been discussed for, e.g., polyester coatings [64]. Additionally,
non-predicted NIAS may be partially identified by non-targeted
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screening methods [24]. However, the current analytical techniques do
not allow the detection and identification of all NIAS that may be
present.

5.2 Hazard identification and tools for priority
setting

The identification and assessment of a chemical hazard forms the
basis for further risk assessment. For NIAS, hazard assessment is
strongly influenced by the available level of information about a certain
substance (Figure 1B). Hazards can be identified experimentally or
estimated using in silico tools. The results of such tests may be simple
yes/no answers (e.g., for genotoxicity) or a reference concentration
(e.g., the tolerable daily intake (TDI)). All approaches focusing on
single substances neglect the potential mixture toxicity of a migrate.

Classical approach

According to the classical approach, any NIAS should undergo a
toxicological evaluation requiring the same toxicity data as intentionally
added substances. Toxicity data of single substances may be collected
from existing scientific information and complemented by further in
vivo, in vitro, and/or in silico tests. However, this concept is expensive,
time consuming, and only applicable for identified NIAS.

In silico tools and read-across

For all NIAS with a known chemical structure, but no toxicological data,
in silico tools may provide qualitative or quantitative hazard information.
For example, structure-activity relationships (SAR) link mechanistic
endpoints to certain structures in a molecule, and quantitative
structure-activity relationships (QSAR) allow the quantitative prediction
of toxicological endpoints. Such data may be combined to reduce the
level of uncertainty. Information from read-across may further help to
predict toxicological properties based on tested chemical analogues.

Bioassays

To complement the classical approach consisting of detecting,
identifying and assessing single NIAS, the overall migrate or extract of
an FCM or FCA can be tested by means of in vitro bioassays. In recent
years, bioassays have been increasingly used to assess the
cytotoxicity, genotoxicity, and endocrine disruption potential of
migrates or extracts from different FCMs [65-67]. Such tests may help
to detect cumulative effects of (uncharacterized) chemical mixtures for
toxicological endpoints that are known to be sensitive towards mixture
toxicity. Extracts or migrates generating positive responses in
bioassays may subsequently be fractionated and re-analyzed to
identify the active substance(s).

However, the array of available assays and sample preparation
protocols require further optimization and standardization before
bioassays can be used routinely [65, 66, 68, 69]. Hereby, special focus
should be placed on their sensitivity and specificity, i.e., aiming at low
rates of false negatives and positives, respectively.

Assigning thresholds to known and unknown NIAS

The threshold of toxicological concern (TTC) concept assigns human
exposure thresholds to substances with unknown toxicity, but known
structure (for more information: [70-73]). By applying the TTC decision
tree, chemicals are categorized, mainly on the basis of their two-
dimensional chemical structure and expected reactivity, into several
classes of concern for which maximum intake levels (thresholds) have
been defined. In 2011 it was proposed to extend the application of the
TTC concept also to unknown substances in food [74]. However, to
meet the exclusion criteria of the TTC concept, all high-risk compounds
need to be identified, irrespective of their concentrations (e.g., high-
potency carcinogens, substances that bioaccumulate, and metals [72]).
A detailed protocol has been developed, including analytical methods
for structural alerts and the application of bioassays to exclude

genotoxicity [74], and the approach was demonstrated for carton FCM
[75]. If the presence of known hazardous substances cannot be ruled
out, the TTC concept cannot be applied for unknown NIAS.

5.3 Exposure

Exposure estimation of NIAS is based on migration and consumption
data. Migration data may be obtained by migration testing, worst-case
calculations, and migration modelling, whereas consumption data can
be retrieved from standardized exposure models, e.g., by applying a
surface-to-volume ratio of 6 dm? per 1 kg of food ((EU) No 10/2011).
Alternatively, specific databases may help to estimate exposure based
on actual food consumption data, information on packaging
composition and usage, and market shares. Often, these tools
comprise data for food packaging, but not for other FCMs.

In Europe, the Flavourings, Additives, and food Contact materials
Exposure Tool (FACET) has been developed to estimate exposure to
chemicals from food. Although NIAS are not included in the database,
FACET may be used to correlate NIAS with a known substance, a
particular material or process, or one or more different food groups [31,
76]. However, the success of the method strongly depends on the
information that is available for the substance of interest, i.e., the
exposure to unpredicted unknown NIAS cannot be estimated at alll.

5.4 Risk assessment and management

The risk assessment and management of NIAS strongly depends on
the information available on their hazard and exposure. A risk
assessment strategy for NIAS has been proposed by ILSI Europe and
is referred to in the following paragraphs [31]. Depending on the
outcome of such a strategy, possible risk management measures
include the reduction or substitution of known NIAS or further
investigations of unknown NIAS that are of potential concern.

NIAS with structural information

For any fully or partially identified NIAS, concentrations may be
quantified or at least approximated. Ideally, migration and consumption
data allow the subsequent estimation of exposure (see 5.3). The
hazard of a substance may be assessed by applying one or combining
several of the above-mentioned strategies (see 5.2). According to
traditional risk assessment approaches, the substance is of no concern
if exposure is below a hazard-based reference concentration.
However, for certain groups of substances (e.g., genotoxins) no
thresholds exist. Thus, their presence should be completely avoided or
further assessed, e.g. by applying the margin of exposure (MOE)
approach [77].

Detected NIAS with unknown structure

The concentrations of detected substances with unknown structures
may, even in the absence of appropriate standards, be roughly
quantified and serve as basis for exposure estimates. In addition,
bioassays could provide valuable data to identify a hazard in a sample
containing unidentified NIAS.

The TTC concept could be another option to assign exposure
thresholds to unidentified NIAS [74]. However, a rather high level of
knowledge is needed to guarantee that the substance does not belong
to a TTC exclusion group and is neither a carbamate/organophosphate
nor genotoxic. Only then, a threshold of 90 ug/kg person/day may be
applied to exclude a risk. Any substance with exposure estimates
above this value would be of concern and require further tests.

Undetected NIAS

Substances that are not detectable by current analytical techniques
may nevertheless generate a response in in vitro bioassays. In such
cases, the search for the active molecule(s) may become an analytical
challenge [78]. If the active substance cannot be identified or avoided,
it may eventually be necessary to use an alternative FCM.
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6 Conclusions and future challenges
With increasing complexity of FCMs and FCAs, NIAS will continue to
be an important topic in the coming years. Their detection and
identification are steadily getting easier due to advances in analytical
techniques and growing databases. However, comprehensive analysis
of migrates or extracts from most FCAs is still out of reach.
International authorities recognized the importance of a risk
assessment for NIAS, but have not provided official guidance so far,
making it difficult to enforce and comply with the legal requirements.
Therefore, strategies for the risk assessment of NIAS have been
developed and improved by different stakeholders in the past years.
Most approaches focus on the risk assessment of single substances
by in vivo, in vitro or in silico methods, but in vitro testing of the whole
migrate or extract is also recommended. Additionally, robust exposure
models and sensitive methods to exclude CMR and further chemicals
of concern are needed. Regardless of the applied concept for risk
assessment, communication within the whole supply chain is essential
to facilitate the prediction, identification, and quantification of NIAS.



Abbreviations

ASAP Atmospheric solids analysis probe

BADGE Bisphenol A diglycidyl ether

CMR Carcinogenic, mutagenic and toxic for reproduction

DART Direct analysis in real-time

DEHM Di-(2-ethylhexyl) maleate

DESI Desorption electrospray ionization

FACET Flavourings, additives, and food contact materials
exposure tool

FCA Food contact article (term used in EU legislation)

FCM Food contact material (term used in EU legislation)

FCS Food contact substance (term used in US legislation)

GC Gas chromatography

HDPE High-density polyethylene

LAE Ethyl lauroyl arginate

LAS N2-Dodecanoyl-L-arginine

LC Liquid chromatography

MS Mass spectrometry

MOE Margin of exposure

NIAS Non-intentionally added substances

NMR Nuclear magnetic resonance

PA Polyamide

PET Polyethylene terephthalate

POSH Polyolefin oligomeric saturated hydrocarbons

PP Polypropylene

PS Polystyrene

PVC Polyvinyl chloride

PU Polyurethane

QSAR Quantitative structure-activity relationship

SAR Structure-activity relationship

TDI Tolerable daily intake

TTC Threshold of toxicological concern

Disclaimer

The Food Packaging Forum provides all information for general information purposes only. Our aim is to provide up to date, scientifically correct and relevant
information. We distinguish to the best of our knowledge between facts based on scientific data and opinions, for example arising from the interpretation of
scientific data. However, we make no representations or warranties of any kind, express or implied, about the completeness, suitability, accuracy, availability or
reliability regarding the information and related graphics contained therein, for any purpose. We will not be liable and take no responsibility for any loss or damage
arising from or in connection with the use of this information. In particular, we do not take responsibility and are not liable for the correctness of information

orovided pertainina to leaal texts.



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Howe SR, Surana P, Jakupca MR, et al. 2001. Potential dietary
exposure to p-nonylphenol from food-contact use of
tris(nonylphenyl)phosphite  (TNPP). Food Addit Contam.
18:1021-39.

Biedermann S, Zurfluh M, Grob K, et al. 2013. Migration of cyclo-
diBA from coatings into canned food: method of analysis,
concentration determined in a survey and in silico hazard
profiling. Food Chem Toxicol. 58:107-15.

Pezo D, Fedeli M, Bosetti O, et al. 2012. Aromatic amines from
polyurethane adhesives in food packaging: the challenge of
identification and pattern recognition using Quadrupole-Time of
Flight-Mass Spectrometry. Anal Chim Acta. 756:49-59.

Bradley EL, and Coulier L. 2007. An investigation into the
reaction and breakdown products from starting substances used
to produce food contact plastics. CSL York.

Grob K, Biedermann M, Scherbaum E, et al. 2006. Food
contamination with organic materials in perspective: packaging
materials as the largest and least controlled source? A view
focusing on the European situation. Crit Rev Food Sci Nutr.
46:529-35.

Skoraczynski G, Dittwald P, Miasojedow B, et al. 2017.
Predicting the outcomes of organic reactions via machine
learning: are current descriptors sufficient? Sci Rep UK. 7:3582.
Bignardi C, Cavazza A, Lagana C, et al. 2017. Release of non-
intentionally added substances (NIAS) from food contact
polycarbonate: Effect of ageing. Food Control. 71:329-35.
Biedermann M, and Grob K. 2015. Comprehensive two-
dimensional gas chromatography for characterizing mineral oils
in foods and distinguishing them from synthetic hydrocarbons. J
Chromatogr A. 1375:146-53.

Brenz F, Linke S, and Simat T. 2018. Linear and cyclic oligomers
in_polybutylene terephthalate for food contact materials. Food
Addit Contam Part A Chem Anal Control Expo Risk Assess.
35:583-98.

Yang Y, Hu C, Zhong H, et al. 2016. Effects of ultraviolet (UV) on
degradation of Irgafos 168 and migration of its degradation
products from polypropylene films. J Agric Food Chem. 64:7866-
73.

Alin J, and Hakkarainen M. 2011. Microwave heating causes
rapid degradation of antioxidants in polypropylene packaging,
leading to greatly increased specific migration to food simulants
as shown by ESI-MS and GC-MS. J Agric Food Chem. 59:5418-
27.

Hoppe M, de Voogt P, and Franz R. 2016. |dentification and
quantification of oligomers as potential migrants in plastics food
contact materials with a focus in polycondensates — A review.
Trends Food Sci Tech. 50:118-30.

BMELYV. 2012. AusmaR der Migration unerwiinschter Stoffe aus
Verpackungsmaterialien aus Altpapier in Lebensmitteln.
[https://www.chm.tu-
dresden.de/lc2/dateien/2012_Abschlussbericht BMEL _Altpapie
r.pdf]

Franz R. 2002. Programme on the recyclability of food-
packaging materials with respect to food safety considerations:
polyethylene terephthalate (PET), paper and board, and plastics
covered by functional barriers. Food Addit Contam. 19 Suppl:93-
110.

Xanthos M. 2012. Recycling of the #5 polymer. Science.
337:700-2.

Conte F, Dinkel F, Kagi T, et al. 2014. Permanent materials.
Carbotech. Final  Report: https://carbotech.ch/cms/wp-
content/uploads/Final_PeM_Report_Carbotech.pdf.

Franz R, Mauer A, and Welle F. 2004. European survey on post-
consumer poly(ethylene terephthalate) (PET) materials to
determine contamination levels and maximum consumer
exposure from food packages made from recycled PET. Food
Addit. Contam. 21:265-86.

Widén H, Leufven A, and Nielsen T. 2005. |dentification of
chemicals, possibly originating from misuse of refillable PET
bottles, responsible for consumer complaints about off-odours in
water and soft drinks. Food Addit Contam. 22:681-92.

Barrere C, Maire F, Afonso C, et al. 2012. Atmospheric solid
analysis probe-ion mobility mass spectrometry of polypropylene.
Anal Chem. 84:9349-54.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ackerman LK, Noonan GO, and Begley TH. 2009. Assessing
direct analysis in real-time-mass spectrometry (DART-MS) for
the rapid identification of additives in food packaging. Food Addit
Contam A. 26:1611-8.

Aminlashgari N, and Hakkarainen M. 2011. Emerging mass
spectrometric _tools for analysis of polymers and polymer
additives. In: Mass Spectrometry of Polymers - New Technigues.
Advances in Polymer Science. M. Hakkarainen, ed. Springer,
Berlin, Heidelberg. pp 1-37.

Turner A, and Filella M. 2017. Field-portable-XRF reveals the
ubiquity of antimony in plastic consumer products. Sci Total
Environ. 584-585:982-9.

Nerin C, Alfaro P, Aznar M, et al. 2013. The challenge of
identifying non-intentionally added substances from food
packaging materials: A review. Anal Chim Acta. 775:14-24.
Pieke EN, Smedsgaard J, and Granby K. 2017. Exploring the
chemistry of complex samples by tentative identification and
semi-quantification: a food contact material case. J Mass
Spectrom. 53:323-35.

Koster, S. 2012. Safety evaluation strategy of non-intentionally
added substances (NIAS). [http://ilsi.eu/wp-
content/uploads/sites/3/2016/06/Koster.pdf]

Pieke EN, Granby K, Trier X, etal. 2017. A framework to estimate
concentrations of potentially unknown substances by semi-
quantification in_liquid chromatography electrospray ionization
mass spectrometry. Anal Chim Acta. 975:30-41.

Aznar M, Goémez-Estaca J, Vélez D, et al. 2013. Migrants
determination and bioaccessibility study of ethyl lauroyl arginate
(LAE) from a LAE based antimicrobial food packaging material.
Food Chem Toxicol. 56:363-70.

Félix JS, Isella F, Bosetti O, et al. 2012. Analytical tools for
identification of non-intentionally added substances (NIAS)
coming from polyurethane adhesives in multilayer packaging
materials and their migration into food simulants. Anal Bioanal
Chem. 403:2869-82.

Bentayeb K, Batlle R, Romero J, et al. 2007. UPLC-MS as a
powerful technique for screening the nonvolatile contaminants in
recycled PET. Anal Bioanal Chem. 388:1031-8.

Biedermann M, and Grob K. 2013._Is comprehensive analysis of
potentially relevant migrants from recycled paperboard into foods
feasible? J Chromatogr A. 1272:106-15.

Koster S, Bani-Estivals M-H, Bonuomo M, et al. 2016. Guidance
on best practices on the risk assessment of non-intentionally
added substances (NIAS) in food contact materials and articles.
ILSI Europe Report Series.

Pezo D, Fedeli M, Bosetti O, et al. 2012. Aromatic amines from
polyurethane adhesives in food packaging: the challenge of
identification and pattern recognition using Quadrupole-Time of
Flight-Mass Spectrometry. Anal Chim Acta. 756:49-59.

Ubeda S, Aznar M, Vera P, et al. 2017. Overall and specific
migration from multilayer high barrier food contact materials -
kinetic study of cyclic polyester oligomers migration. Food Addit
Contam A. 34:1784-94.

Ackerman LK, Noonan GO, Begley TH, et al. 2011. Accurate
mass and nuclear magnetic resonance identification of
bisphenolic can coating migrants and their interference with
liquid chromatography/tandem mass spectrometric analysis of
bisphenol A. Rapid Commun Mass Spectrom. 25:1336-42.
Sendén Garcia R, and Paseiro Losada P. 2004. Determination
of bisphenol A diglycidyl ether and its hydrolysis and
chlorohydroxy derivatives by liquid chromatography-mass
spectrometry. J Chromatogr A. 1032:37-43.

Miguez J, Herrero C, Quintas |, et al. 2012. A LC-MS/MS method
for the determination of BADGE-related and BFDGE-related
compounds in canned fish food samples based on the formation
of M + NH,% aducts. Food Chem. 135:1310-5.

Gallart-Ayala H, Moyano E, and Galceran MT. 2011. Fast liquid
chromatography-tandem mass spectrometry for the analysis of
bisphenol A-diglycidyl ether, bisphenol F-diglycidyl ether and
their derivatives in canned food and beverages. J Chromatogr A.
1218:1603-10.

Zou Y, Lin S, Chen S, et al. 2012. Determination of bisphenol A
diglycidyl ether, novolac glycidyl ether and their derivatives
migrated from can coatings into foodstuff by UPLC-MS/MS. Eur
Food Res Technol. 235:231-44.



https://www.tandfonline.com/doi/abs/10.1080/02652030110050320
https://www.tandfonline.com/doi/abs/10.1080/02652030110050320
https://www.tandfonline.com/doi/abs/10.1080/02652030110050320
https://www.sciencedirect.com/science/article/pii/S0278691513002317
https://www.sciencedirect.com/science/article/pii/S0278691513002317
https://www.sciencedirect.com/science/article/pii/S0278691513002317
https://www.sciencedirect.com/science/article/pii/S0278691513002317
https://www.sciencedirect.com/science/article/pii/S0003267012015280
https://www.sciencedirect.com/science/article/pii/S0003267012015280
https://www.sciencedirect.com/science/article/pii/S0003267012015280
https://www.sciencedirect.com/science/article/pii/S0003267012015280
https://www.tandfonline.com/doi/full/10.1080/10408390500295490
https://www.tandfonline.com/doi/full/10.1080/10408390500295490
https://www.tandfonline.com/doi/full/10.1080/10408390500295490
https://www.tandfonline.com/doi/full/10.1080/10408390500295490
https://www.nature.com/articles/s41598-017-02303-0
https://www.nature.com/articles/s41598-017-02303-0
https://www.sciencedirect.com/science/article/pii/S0956713516303760
https://www.sciencedirect.com/science/article/pii/S0956713516303760
https://www.sciencedirect.com/science/article/pii/S0956713516303760
https://www.sciencedirect.com/science/article/pii/S0021967314018445
https://www.sciencedirect.com/science/article/pii/S0021967314018445
https://www.sciencedirect.com/science/article/pii/S0021967314018445
https://www.tandfonline.com/doi/full/10.1080/19440049.2017.1414958
https://www.tandfonline.com/doi/full/10.1080/19440049.2017.1414958
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.6b03018
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.6b03018
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.6b03018
https://pubs.acs.org/doi/abs/10.1021/jf1048639
https://pubs.acs.org/doi/abs/10.1021/jf1048639
https://pubs.acs.org/doi/abs/10.1021/jf1048639
https://pubs.acs.org/doi/abs/10.1021/jf1048639
https://www.sciencedirect.com/science/article/pii/S0924224416000212
https://www.sciencedirect.com/science/article/pii/S0924224416000212
https://www.sciencedirect.com/science/article/pii/S0924224416000212
https://www.chm.tu-dresden.de/lc2/dateien/2012_Abschlussbericht_BMEL_Altpapier.pdf
https://www.chm.tu-dresden.de/lc2/dateien/2012_Abschlussbericht_BMEL_Altpapier.pdf
https://www.chm.tu-dresden.de/lc2/dateien/2012_Abschlussbericht_BMEL_Altpapier.pdf
https://www.tandfonline.com/doi/abs/10.1080/02652030110085395a
https://www.tandfonline.com/doi/abs/10.1080/02652030110085395a
https://www.tandfonline.com/doi/abs/10.1080/02652030110085395a
https://www.tandfonline.com/doi/abs/10.1080/02652030110085395a
http://science.sciencemag.org/content/337/6095/700
https://www.tandfonline.com/doi/pdf/10.1080/02652030310001655489
https://www.tandfonline.com/doi/pdf/10.1080/02652030310001655489
https://www.tandfonline.com/doi/pdf/10.1080/02652030310001655489
https://www.tandfonline.com/doi/pdf/10.1080/02652030310001655489
https://www.tandfonline.com/doi/pdf/10.1080/02652030500159987
https://www.tandfonline.com/doi/pdf/10.1080/02652030500159987
https://www.tandfonline.com/doi/pdf/10.1080/02652030500159987
https://www.tandfonline.com/doi/pdf/10.1080/02652030500159987
https://foodpackagingforum-my.sharepoint.com/personal/birgit_geueke_fp-forum_org/Documents/Birgit/Dossiers/FPF_Dossier03_NIAS_update/Atmospheric%20solid%20analysis%20probe-ion%20mobility%20mass%20spectrometry%20of%20polypropylene.
https://foodpackagingforum-my.sharepoint.com/personal/birgit_geueke_fp-forum_org/Documents/Birgit/Dossiers/FPF_Dossier03_NIAS_update/Atmospheric%20solid%20analysis%20probe-ion%20mobility%20mass%20spectrometry%20of%20polypropylene.
https://www.tandfonline.com/doi/abs/10.1080/02652030903232753?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/02652030903232753?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/02652030903232753?journalCode=tfac20
https://www.springer.com/de/book/9783642280405
https://www.springer.com/de/book/9783642280405
https://www.springer.com/de/book/9783642280405
https://www.springer.com/de/book/9783642280405
https://www.sciencedirect.com/science/article/pii/S0048969717301596?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0048969717301596?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003267013002626
https://www.sciencedirect.com/science/article/pii/S0003267013002626
https://www.sciencedirect.com/science/article/pii/S0003267013002626
https://onlinelibrary.wiley.com/doi/abs/10.1002/jms.3995
https://onlinelibrary.wiley.com/doi/abs/10.1002/jms.3995
https://onlinelibrary.wiley.com/doi/abs/10.1002/jms.3995
http://ilsi.eu/wp-content/uploads/sites/3/2016/06/Koster.pdf
http://ilsi.eu/wp-content/uploads/sites/3/2016/06/Koster.pdf
https://www.sciencedirect.com/science/article/pii/S000326701730452X
https://www.sciencedirect.com/science/article/pii/S000326701730452X
https://www.sciencedirect.com/science/article/pii/S000326701730452X
https://www.sciencedirect.com/science/article/pii/S000326701730452X
https://www.sciencedirect.com/science/article/pii/S0278691513001270
https://www.sciencedirect.com/science/article/pii/S0278691513001270
https://www.sciencedirect.com/science/article/pii/S0278691513001270
https://link.springer.com/article/10.1007%2Fs00216-012-5965-z
https://link.springer.com/article/10.1007%2Fs00216-012-5965-z
https://link.springer.com/article/10.1007%2Fs00216-012-5965-z
https://link.springer.com/article/10.1007%2Fs00216-012-5965-z
https://link.springer.com/article/10.1007/s00216-007-1341-9
https://link.springer.com/article/10.1007/s00216-007-1341-9
https://link.springer.com/article/10.1007/s00216-007-1341-9
https://www.sciencedirect.com/science/article/pii/S0021967312018262
https://www.sciencedirect.com/science/article/pii/S0021967312018262
https://www.sciencedirect.com/science/article/pii/S0021967312018262
http://ilsi.org/publication/guidance-on-best-practices-on-the-risk-assessment-of-non-intentionally-added-substances-nias-in-food-contact-materials-and-articles/
http://ilsi.org/publication/guidance-on-best-practices-on-the-risk-assessment-of-non-intentionally-added-substances-nias-in-food-contact-materials-and-articles/
http://ilsi.org/publication/guidance-on-best-practices-on-the-risk-assessment-of-non-intentionally-added-substances-nias-in-food-contact-materials-and-articles/
https://www.sciencedirect.com/science/article/pii/S0003267012015280?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003267012015280?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003267012015280?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003267012015280?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/19440049.2017.1346390?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2017.1346390?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2017.1346390?journalCode=tfac20
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.5085
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.5085
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.5085
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.5085
https://onlinelibrary.wiley.com/doi/abs/10.1002/rcm.5085
https://www.sciencedirect.com/science/article/pii/S0021967303019113?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0021967303019113?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0021967303019113?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0021967303019113?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S030881461200948X
https://www.sciencedirect.com/science/article/pii/S030881461200948X
https://www.sciencedirect.com/science/article/pii/S030881461200948X
https://www.sciencedirect.com/science/article/pii/S030881461200948X
https://www.sciencedirect.com/science/article/pii/S0021967311000732
https://www.sciencedirect.com/science/article/pii/S0021967311000732
https://www.sciencedirect.com/science/article/pii/S0021967311000732
https://www.sciencedirect.com/science/article/pii/S0021967311000732
https://link.springer.com/article/10.1007/s00217-012-1734-7
https://link.springer.com/article/10.1007/s00217-012-1734-7
https://link.springer.com/article/10.1007/s00217-012-1734-7

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

Geueke B. 2016. Can coatings. FPF dossier. 1-10.

BfR. 2016. Gemessene Gehalte an Styrol-Oligomeren in
Lebensmittelsimulanzien:  Gesundheitliche  Risiken  sind
unwahrscheinlich. [http://www.bfr.bund.de/cm/343/gemessene-
gehalte-an-styrol-oligomeren-in-lebensmittelsimulanzien-
gesundheitliche-risiken-sind-unwahrscheinlich.pdf]

Schaefer A, Ohm VA, and Simat TJ. 2004. Migration from can
coatings: Part 2. Identification and quantification of migrating
cyclic oligoesters below 1000 Da. Food Addit Contam A. 21:377-
89.

Riquet AM, Breysse C, Dahbi L, et al. 2016. The consequences
of physical post-treatments (microwave and electron-beam) on
food/packaging interactions: A physicochemical _and
toxicological approach. Food Chem. 199:59-69.

Lago MA, and Ackerman LK. 2016. Identification of print-related
contaminants in food packaging. Food Addit Contam A. 33:518-
29.

Bach C, Dauchy X, Chagnon MC, et al. 2012. Chemical
compounds and toxicological assessments of drinking water
stored in polyethylene terephthalate (PET) bottles: A source of
controversy reviewed. Water Res. 46:571-83.

Nawrocki J, Dabrowska A, and Borcz A. 2002. Investigation of
carbonyl compounds in bottled waters from Poland. Water Res.
36:4893-901.

Kawamura Y, Ogawa Y, and Mutsuga M. 2017. Migration of
nonylphenol and plasticizers from polyvinyl chloride stretch film
into food simulants, rapeseed oil, and foods. Food Sci Nutr.
5:390-8.

Stadler RH, Mottier P, Guy P, et al. 2004. Semicarbazide is a
minor thermal decomposition product of azodicarbonamide used
in the gaskets of certain food jars. Analyst. 129:276-81.

Suman M, De Dominicis E, and Commissati . 2010. Trace
detection of the chlorohydrins of epoxidized soybean oil in
foodstuffs by UPLC-ESI-MS/MS. J Mass Spectrom. 45:996-
1002.

Fiselier K, Rutschmann E, McCombie G, et al. 2010. Migration
of di(2-ethylhexyl) maleate from cardboard boxes into foods. Eur
Food Res Technol. 230:619-26.

Geueke B. 2017. Mineral oil hydrocarbons. FPF dossier.1-8.
BfR. 2016. Epoxidharz-Beschichtungen von Konservendosen:
Stoffibergange in O&lhaltige Lebensmittel sind moglich.
[http://www.bfr.bund.de/cm/343/epoxidharz-beschichtungen-
von-konservendosen-stoffuebergaenge-in-oelhaltige-
lebensmittel-sind-moeglich.pdf]

Briischweiler B. 2014. The TTC approach in practice and its
impact on risk assessment and risk management in food safety.
A regulatory toxicologist’s perspective. Chimia. 68:710-5.
Bengtstrom L, Rosenmai AK, Trier X, et al. 2016. Non-targeted
screening for contaminants in paper and board food-contact
materials using effect-directed analysis and accurate mass
spectrometry. Food Addit Contam A. 33:1080-93.

Vapenka L, Vavrou$ A, Votavova L, et al. 2016. Contaminants in
the paper-based food packaging materials used in the Czech
Republic. J Food Nutr Res. 55:361-73.

Feng D, Yang H, Qi D, et al. 2016. Extraction, confirmation, and
screening of non-target compounds in silicone rubber teats by
purge-and-trap and SPME combined with GC-MS. Polym Test.
56:91-8.

European Parliament. 2016. Implementation of the food contact
materials regulation, P8 TA(2016)0384.
[http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-
[[EP//INONSGML+TA+P8-TA-2016-
0384+0+DOC+PDF+V0/EN]

Groh KJ, Geueke B, and Muncke J. 2017. Food contact materials
and gut health: Implications for toxicity assessment and
relevance of high molecular weight migrants. Food Chem
Toxicol. 109:1-18.

Muncke J, Backhaus T, Geueke B, et al. 2017. Scientific
challenges in the risk assessment of food contact materials.
Environ. Health Perspect. 125:1-9.

U.S. FDA,. 2018 Determining the regulatory status of
components of a food contact material.
[https://www.fda.gov/Food/IngredientsPackagingLabeling/Pack
agingFCS/RegulatoryStatusFoodContactMaterial/default.htm]

10

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

U.S. FDA. 2007. Guidance for industry: Preparation of premarket
submissions for food contact substances (Chemistry
recommendations).
[https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocu
mentsRegulatorylnformation/ucm081818.htm#iid1a]
Manoukian, J.-G. 2017. China food packaging standards -
weekly compliance digest. enablon insights.
[https://enablon.com/blog/2017/03/17/china-food-packaging-
standards-weekly-compliance-digest]

EuPIA. 2017. EuPIA guidance on migration: Test methods for the
evaluation of substances in printing inks and varnishes for food
contact materials. [http://www.eupia.org/uploads/tx_edm/2017-
07-31_EuPIA Guidance on_Migration Test Methods.pdf]
PlasticsEurope. 2014. Risk assessment of non-listed substances
(NLS) and non-intentionally added substances (NIAS) under
article 19 of Commission Regulation (EU) No 10/2011 of 14
January 2011 on plastic materials and articles intended to come
into contact with food.
[http://www.plasticseurope.org/documents/document/20141010
141117-

ra_for_non_listed substances and nias_under article 19 sep
t 2014.pdf

Brenz F, Linke S, and Simat T. 2017._Qualitative and quantitative
analysis of monomers in polyesters for food contact materials.
Food Addit Contam A. 34:307-19.

Groh KJ, and Muncke J. 2017. In vitro toxicity testing of food
contact materials: State-of-the-art and future challenges. Compr
Rev Food Sci F. 16:1123-50.

Severin |, Souton E, Dahbi L, et al. 2017. Use of bioassays to
assess hazard of food contact material extracts: State of the art.
Food Chem Toxicol. 105:429-47.

Schilter, B. 2017. Application of bioassays for packaging safety
evaluation. FPF workshop 2017.
[https://www.youtube.com/watch?time continue=5&v=T2tcHgk
WePY]

Wagner M, and Oehimann J. 2011. Endocrine disruptors in
bottled mineral water: estrogenic activity in the E-Screen. J
Steroid Biochem Mol Biol. 127:128-35.

Wagner M, and Oehimann J. 2009. Endocrine disruptors in
bottled mineral water: total estrogenic burden and migration from
plastic bottles. Environ Sci Pollut Res Int. 16:278-86.

Geueke B. 2013. Threshold of Toxicological Concern (TTC). FPF
dossier.1-8.

EFSA. 2016. Review of the Threshold of Toxicological Concern
(TTC) approach and development of new TTC decision tree.
EFSA Supporting Publication. EN-1006.

EFSA. 2012. Scientific Opinion on exploring options for providing
advice about possible human health risks based on the concept
of Threshold of Toxicological Concern (TTC). EFSA Journal.
10:2750.

Canellas E, Vera P, and Nerin C. 2017. Migration assessment
and the ‘threshold of toxicological concern’ applied to the safe
design of an acrylic adhesive for food-contact laminates. Food
Additives & Contaminants: Part A. 34:1721-9.

Koster S, Boobis AR, Cubberley R, et al. 2011. Application of the
TTC concept to unknown substances found in analysis of foods.
Food Chem Toxicol. 49:1643-60.

Koster S, Rennen M, Leeman W, et al. 2014. A novel safety
assessment strategy for non-intentionally added substances
(NIAS) in carton food contact materials. Food Addit Contam A.
31:422-43.

Creme Software Ltd,. 2017. FACET Exposure Assessment Tool

- User Manual Version 3.0.2.
[http://expofacts.jrc.ec.europa.eu/facet/docs/FACET 3.0.2 Use
r_Manual.pdf]

EFSA. 2012. Statement on the applicability of the Margin of
Exposure approach for the safety assessment of impurities
which are both genotoxic and carcinogenic in substances added
to food/feed. EFSA Journal. 10:2578.

Bengtstrom L, Rosenmai AK, Trier X, et al. 2016. Non-targeted
screening for contaminants in paper and board food-contact
materials using effect-directed analysis and accurate mass
spectrometry. Food Additives & Contaminants: Part A. 33:1080-
93.



https://www.foodpackagingforum.org/fpf-2016/wp-content/uploads/2016/12/FPF_Dossier11_can-coatings-1.pdf
http://www.bfr.bund.de/cm/343/gemessene-gehalte-an-styrol-oligomeren-in-lebensmittelsimulanzien-gesundheitliche-risiken-sind-unwahrscheinlich.pdf
http://www.bfr.bund.de/cm/343/gemessene-gehalte-an-styrol-oligomeren-in-lebensmittelsimulanzien-gesundheitliche-risiken-sind-unwahrscheinlich.pdf
http://www.bfr.bund.de/cm/343/gemessene-gehalte-an-styrol-oligomeren-in-lebensmittelsimulanzien-gesundheitliche-risiken-sind-unwahrscheinlich.pdf
https://www.tandfonline.com/doi/abs/10.1080/02652030310001637939?src=recsys&journalCode=tfac19
https://www.tandfonline.com/doi/abs/10.1080/02652030310001637939?src=recsys&journalCode=tfac19
https://www.tandfonline.com/doi/abs/10.1080/02652030310001637939?src=recsys&journalCode=tfac19
https://www.sciencedirect.com/science/article/pii/S0308814615013771
https://www.sciencedirect.com/science/article/pii/S0308814615013771
https://www.sciencedirect.com/science/article/pii/S0308814615013771
https://www.sciencedirect.com/science/article/pii/S0308814615013771
https://www.tandfonline.com/doi/abs/10.1080/19440049.2015.1136435?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2015.1136435?journalCode=tfac20
https://www.sciencedirect.com/science/article/pii/S0043135411007548
https://www.sciencedirect.com/science/article/pii/S0043135411007548
https://www.sciencedirect.com/science/article/pii/S0043135411007548
https://www.sciencedirect.com/science/article/pii/S0043135411007548
https://www.sciencedirect.com/science/article/pii/S0043135402002014?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0043135402002014?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.404
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.404
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.404
http://pubs.rsc.org/en/content/articlelanding/2004/an/b314206j/unauth#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2004/an/b314206j/unauth#!divAbstract
http://pubs.rsc.org/en/content/articlelanding/2004/an/b314206j/unauth#!divAbstract
https://onlinelibrary.wiley.com/doi/full/10.1002/jms.1801
https://onlinelibrary.wiley.com/doi/full/10.1002/jms.1801
https://onlinelibrary.wiley.com/doi/full/10.1002/jms.1801
https://link.springer.com/article/10.1007/s00217-009-1200-3
https://link.springer.com/article/10.1007/s00217-009-1200-3
https://www.foodpackagingforum.org/fpf-2016/wp-content/uploads/2017/06/FPF_Dossier12_mineral-oil-hydrocarbons.pdf
http://www.bfr.bund.de/cm/343/epoxidharz-beschichtungen-von-konservendosen-stoffuebergaenge-in-oelhaltige-lebensmittel-sind-moeglich.pdf
http://www.bfr.bund.de/cm/343/epoxidharz-beschichtungen-von-konservendosen-stoffuebergaenge-in-oelhaltige-lebensmittel-sind-moeglich.pdf
http://www.bfr.bund.de/cm/343/epoxidharz-beschichtungen-von-konservendosen-stoffuebergaenge-in-oelhaltige-lebensmittel-sind-moeglich.pdf
http://www.ingentaconnect.com/content/scs/chimia/2014/00000068/00000010/art00008;jsessionid=3vu3da34ta024.x-ic-live-01
http://www.ingentaconnect.com/content/scs/chimia/2014/00000068/00000010/art00008;jsessionid=3vu3da34ta024.x-ic-live-01
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
http://www.vup.sk/en/download.php?bulID=1914
http://www.vup.sk/en/download.php?bulID=1914
http://www.vup.sk/en/download.php?bulID=1914
https://www.sciencedirect.com/science/article/pii/S0142941816307899
https://www.sciencedirect.com/science/article/pii/S0142941816307899
https://www.sciencedirect.com/science/article/pii/S0142941816307899
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//NONSGML+TA+P8-TA-2016-0384+0+DOC+PDF+V0//EN
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//NONSGML+TA+P8-TA-2016-0384+0+DOC+PDF+V0//EN
http://www.europarl.europa.eu/sides/getDoc.do?pubRef=-//EP//NONSGML+TA+P8-TA-2016-0384+0+DOC+PDF+V0//EN
https://www.sciencedirect.com/science/article/pii/S0278691517304738?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0278691517304738?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0278691517304738?via%3Dihub
https://ehp.niehs.nih.gov/EHP644/
https://ehp.niehs.nih.gov/EHP644/
https://www.fda.gov/Food/IngredientsPackagingLabeling/PackagingFCS/RegulatoryStatusFoodContactMaterial/default.htm
https://www.fda.gov/Food/IngredientsPackagingLabeling/PackagingFCS/RegulatoryStatusFoodContactMaterial/default.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm081818.htm#iid1a
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/ucm081818.htm#iid1a
https://enablon.com/blog/2017/03/17/china-food-packaging-standards-weekly-compliance-digest
https://enablon.com/blog/2017/03/17/china-food-packaging-standards-weekly-compliance-digest
http://www.eupia.org/uploads/tx_edm/2017-07-31_EuPIA_Guidance_on_Migration_Test_Methods.pdf
http://www.eupia.org/uploads/tx_edm/2017-07-31_EuPIA_Guidance_on_Migration_Test_Methods.pdf
http://www.plasticseurope.org/documents/document/20141010141117-ra_for_non_listed_substances_and_nias_under_article_19_sept_2014.pdf
http://www.plasticseurope.org/documents/document/20141010141117-ra_for_non_listed_substances_and_nias_under_article_19_sept_2014.pdf
http://www.plasticseurope.org/documents/document/20141010141117-ra_for_non_listed_substances_and_nias_under_article_19_sept_2014.pdf
http://www.plasticseurope.org/documents/document/20141010141117-ra_for_non_listed_substances_and_nias_under_article_19_sept_2014.pdf
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1265672?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1265672?journalCode=tfac20
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12280
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12280
https://foodpackagingforum-my.sharepoint.com/personal/birgit_geueke_fp-forum_org/Documents/Birgit/Dossiers/FPF_Dossier03_NIAS_update/Use%20of%20bioassays%20to%20assess%20hazard%20of%20food%20contact%20material%20extracts:%20State%20of%20the%20art.
https://foodpackagingforum-my.sharepoint.com/personal/birgit_geueke_fp-forum_org/Documents/Birgit/Dossiers/FPF_Dossier03_NIAS_update/Use%20of%20bioassays%20to%20assess%20hazard%20of%20food%20contact%20material%20extracts:%20State%20of%20the%20art.
https://www.youtube.com/watch?time_continue=5&v=T2tcHqkWePY
https://www.youtube.com/watch?time_continue=5&v=T2tcHqkWePY
https://www.sciencedirect.com/science/article/pii/S0960076010003572
https://www.sciencedirect.com/science/article/pii/S0960076010003572
https://link.springer.com/article/10.1007/s11356-009-0107-7
https://link.springer.com/article/10.1007/s11356-009-0107-7
https://link.springer.com/article/10.1007/s11356-009-0107-7
https://www.foodpackagingforum.org/fpf-2016/wp-content/uploads/2015/11/FPF_Dossier04_TTC.pdf
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2016.EN-1006
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/sp.efsa.2016.EN-1006
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2012.2750
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2012.2750
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2012.2750
http://www.tandfonline.com/doi/full/10.1080/19440049.2017.1308017
http://www.tandfonline.com/doi/full/10.1080/19440049.2017.1308017
http://www.tandfonline.com/doi/full/10.1080/19440049.2017.1308017
https://www.sciencedirect.com/science/article/pii/S0278691511001323
https://www.sciencedirect.com/science/article/pii/S0278691511001323
https://www.tandfonline.com/doi/abs/10.1080/19440049.2013.866718?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2013.866718?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2013.866718?journalCode=tfac20
http://expofacts.jrc.ec.europa.eu/facet/docs/FACET_3.0.2_User_Manual.pdf
http://expofacts.jrc.ec.europa.eu/facet/docs/FACET_3.0.2_User_Manual.pdf
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2012.2578
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2012.2578
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2012.2578
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2012.2578
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20
https://www.tandfonline.com/doi/abs/10.1080/19440049.2016.1184941?journalCode=tfac20

