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Unknown substances, not previously observed, are frequently detected in foods by quality control labo-
ratories. In many cases, the assessment of these ‘new’ substances requires additional chemical analysis
for their identification prior to assessing risk. This identification procedure can be time-consuming,
expensive and in some instances difficult. Furthermore, in many cases, no toxicological information will
be available for the substance. Therefore, there is a need to develop pragmatic tools for the assessment of
the potential toxicity of substances with unknown identity to avoid delays in their risk assessment.
Hence, the ‘ILSI Europe expert group on the application of the threshold of toxicological concern (TTC)
to unexpected peaks found in food’ was established to explore whether the TTC concept may enable a
more pragmatic risk assessment of unknown substances that were not previously detected in food. A

Analysis step-wise approach is introduced that uses expert judgement on the source of the food, information
on the analytical techniques, the dietary consumption of food sources containing the unknown substance
and quantitative information of the unknown substance to assess the safety to the consumer using the
TTC. By following this step-wise approach, it may be possible to apply a TTC threshold of 90 pg/day
for an unknown substance in food.
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1. Introduction

Foods and other consumer products may contain trace amounts
of certain substances, arising from various sources (e.g. agricultural
practice, food formulation, food processing, food packaging). Many
of these substances have known identity and origin but trace sub-
stances of unknown identity (such as impurities, hydrolysis prod-
ucts and reaction by-products) are regularly detected when using
advanced analytical methods with increasingly lower detection
limits. It is anticipated that an increasing number of such uniden-
tified substances will be detected in the future, as analytical meth-
ods improve further. It is likely that in the majority of cases, due to
their very low levels, these substances will not be of any health
concern. However, at present no guidance exists on what should
be done when an unknown peak is detected. Full identification of
all such substances would require considerable time and effort,
which would delay an initial safety assessment. Even after identi-
fication, for many, if not most, substances such as reaction by-
products, toxicological data will not be available.

The following scenarios demonstrate examples of situations
where safety assessments may be required and illustrate the scope
of the present paper:

(1) During routine monitoring and analysis of a food in a quality
control laboratory, an unknown peak is detected that had
not been seen previously in the analysis of that food. The

present sample is considered to be the ‘same’ as previously
- i.e. no known changes were made in sourcing or manufac-
turing conditions. Does this unknown peak pose a health
concern?

(2) In the evaluation of a new processing technology (e.g. a new
heat-process) a series of unknown peaks is detected at trace
levels, which were not present in the food processed in a tra-
ditional manner. Are the unknown peaks a health concern?

(3) A manufacturer intends to use a new food contact material
(e.g. wrapping film) containing a new additive. An unknown
peak (not the additive) occurs at low level in the food. Does
this unknown peak pose a health concern?

(4) A manufacturer of an approved food additive has changed
the production process slightly. A comparison of the existing
additive and the new product shows some minor differences
that are not described in the specifications. This includes
additional unknown peaks. How does the manufacturer
decide if the additive has ‘changed substantially’ which
should trigger a new safety evaluation?

ILSI Europe therefore convened an expert group to explore the
possible application of the threshold of toxicological concern
(TTC) concept to expedite safety assessment in such situations.
The current tiered TTC concept requires knowledge of the structure
of a substance, but the need for structural identification of an un-
known peak would be a major roadblock in the application of the
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TTC concept, and thus the safety assessment, of such a peak. For
example, scenario 1 describes the appearance of a chromato-
graphic signal that had not been previously detected. Attempts
could be made to obtain structural information using LC-MS, but
full structural identification can be very time consuming and in
some cases is not achievable, especially at trace levels. This paper
discusses how it may still be possible in a step-wise approach to
apply the TTC approach to substances detected at low concentra-
tions, but which are not identified. It may be that identification
would be laborious and would be unwarranted because conserva-
tive estimates of exposure resulting from the unknown peak are so
low that its identification is of low priority once certain substances
of concern have been excluded. Identification would need to be
undertaken only after an initial assessment indicated that esti-
mated exposure might exceed the relevant TTC value. Fig. 1 depicts
the general principles of the approach.

Substance groups excluded from the TTC concept (see Kroes
et al., 2004) are: aflatoxin-like compounds, N-nitroso-compounds,
azoxy-compounds, steroids, proteins, polyhalogenated dibenzo-
p-dioxins, -dibenzofurans and dioxin like PCB’s, (non)-essential
metals and high molecular weight substances such as polymers.

1.1. Threshold of toxicological concern

The threshold of toxicological concern (TTC) approach is a risk
assessment tool that is based on the principle of establishing a gen-
eric human exposure threshold value for substances, below which
there is a very low probability of adverse effects on human health.
According to this approach, a safe level of exposure applicable to
many substances can be identified, based on chemical structure
and the known toxicity of other substances, which share broadly
similar structural characteristics.

The first use of such an approach was the threshold of regula-
tion (ToR) in the USA which was derived by the US FDA from
analysis of 709 rodent carcinogens in the Carcinogenic Potency
Database CPDB (Gold et al., 1984). The conclusion was that the risk
associated with dietary concentrations below 0.5 ppb (equivalent
to 1.5 pg/person/day) of substances without structural alerts for
carcinogenicity/genotoxicity (DNA reactivity) is so negligible that
it presents no public health concern (Rulis, 1986).

Munro and co-workers (1996) evaluated the use of TTC for
endpoints other than carcinogenicity. They grouped substances
from a database into three structural classes based on structural

Discovery of novel unknown peak in food item

v

Could the unknown be a chemical excluded from application of‘the TTC decision tree?

source of food item

Step1 — Exclusion of certain chemical groups based on

detection method used or partial identification

Step 2 — Exclusion of certain chemical groups by
chromatographic technique, sample preparation and/or

analysis

1
1
1
1 | Step 3 — Exclusion of certain chemical groups by targeted
1
1

Step 4 — Estimation of dietary uptake of food sources containing the unknown peak

v

Step 5 — Quantification of unknown compound based on analyses of potentially related compounds

v

Does estimated intake of the compound exceed the relevant value in the TTC decision tree?

Yes

Reuvisit partial identification (step 2) or
proceed to full identification

The presence of the unknown does
not represent a safety concern

Fig. 1. Overview of the approach to the application of the TTC concept to unknown peaks.



1646 S. Koster et al./Food and Chemical Toxicology 49 (2011) 1643-1660

characteristics using the decision tree developed in 1978 by
Cramer et al. Based on non-cancer endpoint effect levels of the
substances, TTC values of 1800, 540 and 90 pg/person/day were
proposed for Cramer class [, II and III, respectively.

The use of the TTC concept for substances present in the diet
was discussed at two workshops (1999 and 2003) organised by
the International Life Sciences Institute (ILSI), European Branch.
The deliberations of these workshops and the ILSI Europe Expert
Group have been published by Kroes et al. (2000, 2004) and Barlow
(2005).

In the approach developed, certain structural groups of sub-
stances are first excluded from further consideration for applica-
tion of a TTC value. These included high-potency genotoxic
substances in the structural groups: aflatoxin-like compounds, N-
nitroso-compounds and azoxy-compounds. Other substances ex-
cluded were metals, proteins, steroids, dioxins, polyhalogenated
furans and polymers. Following this initial exclusion step, sub-
stances containing a structural alert for possible genotoxicity are
assessed using a threshold of 0.15 pg/person/day (0.0025 pg/kg-
bw/day), below which the lifetime risk of developing cancer is con-
sidered to be negligible. When the substance does not contain a
structural alert that raises concern for potential genotoxicity, a
TTC of 1.5 pg/person/day (0.025 pg/kg-bw/day) may be applied.

In work undertaken for EFSA (2009) on the applicability of the
TTC concept in evaluating the toxicological potential of metabolites
and degradation products of plant protection products, is has been
suggested that a TTC of 18 pg/person/day (0.3 pg/kg-bw/day) (pro-
posed by Kroes et al. (2004)) should be applied to compounds with
a structural alert for neurotoxicity, excluding pyrethroids and
neonicotinoids. In practice, these will be mainly organophosphates
(OP) and N-methyl carbamates. The EFSA scientific panel on plant
protection products and their residues (PPR Panel) will publish an
opinion on this in due course. Recently, a revised threshold
(180 pg/person/day) has been proposed by Munro et al. (2008)
for Cramer class IIl compounds, following reanalysis of the remain-
ing compounds in this Class after OP compounds were excluded
(Munro et al. (2008)). It has been suggested that the threshold
for Cramer class IIl may increase even further when specific other
classes of substances are excluded. Without giving details for the
analysis, Munro et al. (2008) increased the threshold value for Cra-
mer class Il from 90 pg/person/day to 600 pg/person/day when
both OP’s and organohalogens were excluded. Since 600 Lg/per-
son/day exceeds the Cramer class Il TTC (540 pg/person/day), a
TTC of 540 pg/person/day was proposed for all Cramer class II
and class Il compounds, when OP’s and organohalogens are ex-
cluded (Rennen et al. (2011)).

For any substance taken through the decision tree process, one
of two recommendations will be reached: either, the substance
would be expected not to be a safety concern based on the conser-
vative TTC exposure threshold, or, its risk assessment requires
refinement in terms of an exposure threshold derived from com-
pound-specific toxicity data and/or in terms of a refined exposure
assessment.

The ILSI Europe Expert Group recommended that the TTC prin-
ciple can be used for substances that are present in food in low
concentrations, of known structure but lacking toxicity data, for
which reliable estimates of exposure can be obtained (Kroes
et al., 2004). For risk assessment, the estimate of exposure is criti-
cal, since this determines whether or not the TTC is exceeded.

The situation discussed in this document is different from the
applications of the TTC approach considered to date, in that it re-
lates to substances of unknown structure, which are detected dur-
ing analysis of a food or ingredient. It has been suggested in an
other recent publication that TTC can be used for substances of un-
known structure (Rennen et al., 2011). By looking at the origins and
background of the sample and of the limitations/possibilities of the

analytical methods under which the peak was found, it might be
possible to reach conclusions on certain physico-chemical charac-
teristics and thus exclude membership of some substance classes.
Also, a semi-quantitative estimate can be derived of the maximum
amount of the peak-substance present in the food from where the
sample was taken. The degree to which there might be any health
concerns associated with intake of this substance should be judged
in relation to the threshold value associated with the TTC concept,
as discussed below.

In general, the strategy proposed here should not be considered
as a replacement for higher tier risk assessment and risk manage-
ment action. Rather, it provides a pragmatic means of assessing the
likelihood and magnitude of any potential concern arising from an
unknown peak found in a foodstuff in situations where quick deci-
sions are required and/or where identification would prove to be
difficult and lengthy due to substance properties or low levels.
Hence, if exposure to the unknown peak is below the relevant
TTC, this should provide sufficient reassurance as to the potential
risk to human health to enable, for example, production and distri-
bution to continue whilst further work is undertaken. Such work
could include efforts to identify the origin of the peak and steps
to ensure that it no longer occurs. Alternatively, work could be
undertaken to identify and, if necessary, characterise the peak. If
exposure to the unknown peak exceeds the respective TTC value,
depending on the magnitude of such exceedance, then either the
risk assessment needs to be refined e.g. by establishing an expo-
sure threshold based on compound specific toxicity data, by a
refinement of the exposure estimates, or appropriate risk manage-
ment steps would need to be considered, such as cessation of pro-
duction or product recall.

2. The cohort of concern and other ‘TTC excluded classes’

A number of substance classes are not covered by the current
TTC values, see Table 1. There are two main reasons for this: (1)
some members of a class of substances are so potent that their
inclusion in the database would skew the TTC to such an extent
that use of the TTC would be of no practical value; (2) no or very
few substances in a class were included in the database upon
which the TTC values were derived. The former have been termed
the “cohort of concern” (COC). This comprises three structural
groups of high potency genotoxic carcinogens: aflatoxin-like com-
pounds, N-nitroso-compounds and azoxy-compounds (Kroes et al.,
2004). High potency non-genotoxic carcinogens, such as steroids
and the dioxin-like compounds are also currently excluded. In
the case of these and other non-genotoxic structural classes that
are currently excluded (the ‘TTC excluded classes’), it should be
possible to address the situation by expanding the database with
information on relevant substances, at least for some of the catego-
ries. As it is not possible to apply a TTC value to the ‘TTC excluded
classes’, it is necessary to determine whether an unknown sub-
stance might be a member of such a class. Hence, the occurrence,
relevance, and chemical structures of each of the groups of sub-
stances not covered by the TTC are discussed here. The general
physical/chemical properties that could serve as a basis to differen-
tiate between these substances and the unknown peak are consid-
ered later in the text and in the Appendix A.

2.1. Aflatoxin-like compounds

Aflatoxin-like compounds are widespread in nature and are
produced by the Aspergillus species of fungi. Aflatoxin-like com-
pounds belong to the family of mycotoxins. A variety of different
classes can be identified and in general these mycotoxins will be
found in food samples originating from plant sources (or in animal
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Table 1
The ‘TTC excluded classes’ not covered by TTC values, as described by Kroes et al.
(2004).

Class/group Reason for exclusion

Aflatoxin-like compounds® Potent genotoxic carcinogens

N-nitroso-compounds? Potent genotoxic carcinogens
Azoxy-compounds?® Potent genotoxic carcinogens
Steroids® Potent non-genotoxic carcinogens

Potent, bioaccumulative, non-
genotoxic carcinogens, with very

Polyhalogenated dibenzo-p-dioxins,
-dibenzofurans and dioxin like

PCB's” large kinetic differences between
animals and humans
Proteins® Risk of allergenicity, not included in

database

(Non)-essential metals® Not included in database, some are

bioaccumulative

High mol. wt substances such as
polymers©

Not included in database/not clearly
defined structure

2 COoC.
b Originally included in the COC, but now considered a ‘TTC excluded class’.
¢ Other ‘TTC excluded classes’.

products via carry-over by feeding of contaminated plant materi-
als). Aflatoxin-like compounds have been reported in grains (corn),
nuts (pistachios, groundnut), dried fruits (figs), spices such as nut-
meg, or pepper (capsicum) products (chillies). Aflatoxin-like com-
pounds are stable when they are cooked or exposed to acidic
conditions.

2.2. N-nitroso compounds

The term N-nitroso compounds refers to a class of compounds
comprising N-nitrosamines and N-nitrosamides. The substances
occur as a result of reaction between nitrites and amines or amides.
N-nitrosamines are formed mostly as contaminants in heating/
combustion processes (for example tobacco smoke) or under acidic
conditions such as in the stomach. Generally N-nitrosamides are
unstable, both thermally and in non-acidic conditions. In tests,
85% of 209 N-nitrosamines and 92% of 86 N-nitrosamides were
shown to induce cancer (Preussmann and Stewart, 1984).

N-nitrosamines are typically associated with foods containing
high levels of nitrite, such as cured or smoked foods (Walker,
1990; Scanlan and Issenberg, 1975). There are also microbiologi-
cally catalysed pathways for the formation of nitrosamines in foods
(Scanlan and Issenberg, 1975).

2.3. Azoxy substances

Azoxy compounds are a group of chemical substances sharing a
common functional group with the general structure
RN =N*(0O7)R. Azoxy compounds are N-oxides of azo compounds
(MacKenzie, 1975). Some of them are highly potent genotoxic car-
cinogens, which has lead to their inclusion in the COC. Their phys-
ical and chemical properties are determined by the substituents R
and R'.

Azoxy compounds find their origin mainly in dedicated com-
plex chemical synthesis (Boyd, 1997), and it is very unlikely that
azoxy substances are formed during food production/processing.
The best known example of a natural azoxy substance is cycasin,
a glucoside conjugate of (methyl-ONN-azoxy)methanol (MAM),
which is found in the nuts, roots and leaves of Cycas circinalis L.
and Cycas revoluta. Glycosidic cleavage by bacterial g-glucosidase
in the gastrointestinal lumen leads to the formation of the agly-
cone which is carcinogenic and has hepatotoxic, neurotoxic and
teratogenic properties (Morgan and Hoffmann, 1983; Moretti

et al,, 1983; Laqueur and Spatz, 1968; Spatz, 1969). Other naturally
occurring azoxy compounds are antifungal and carcinogenic, par-
ticularly when they contain an azoxymethane group, but their
occurrence is limited to single plant species (Hasegawa et al.,
1995; Parry and Miiller, 1984). In general, azoxy compounds are
water insoluble and yellow. The naturally occurring azoxy glyco-
sides, cycasin and macrozamin are unstable above 140 °C.

2.4. Steroids

Steroids are found in plants, animals, and fungi. To date, 15,000
natural or synthetic steroids (including glycosides) have been iden-
tified (Hill et al., 1991).

Steroids were included in the original COC based on their cancer
potency estimated from linear extrapolation of the TD50 to 1 in
106 risk. However as these compounds are carcinogenic by a
receptor-binding (non-genotoxic) mode of action, this method of
calculating potency is not appropriate. As a consequence, Kroes
et al. (2004) excluded steroids from the COC. Nevertheless, it
should be recognised that there is some controversy as to the po-
tency of steroids in a number of experimental systems, with some
claims of very high potency, so that the TTC concept is currently
not applied to them. Naturally occurring steroids are lipophilic.

2.5. Polyhalogenated dioxins/dibenzo furans and dioxin like
polyhalogenated biphenyls

Polyhalogenated dibenzo-p-dioxins, polyhalogenated dib-
enzofurans and polyhalogenated biphenyls are general terms to
describe three classes of compound, each consisting of several hun-
dred potential chemical structures, known as congeners, based
around a structure consisting of two linked benzene rings.

Toxic potency of these compounds is determined by the
strength of binding to the aryl hydrocarbon (Ah) receptor (Poland
et al., 1985). The most toxic polyhalogenated dibenzo-p-dioxins
and polyhalogenated dibenzofurans congeners are those with at
least 4 halogens, one attached at each of the 2, 3, 7 and 8 positions
(i.e. para to each of the bridges between the two rings). The most
toxic polyhalogenated biphenyls are those with 4 halogen atoms
where a lack of steric hindrance allows both aromatic rings to exist
in the same geometric plane.

Dioxin-like compounds were included in the original COC based
on their cancer potency estimated from linear extrapolation to 1 in
10° risk. However as these compounds are carcinogenic by a non-
genotoxic mode of action, this method of calculating potency is not
appropriate. As a consequence, Kroes et al. (2004) excluded the
class from the COC for high potency genotoxic carcinogens. How-
ever, this group was excluded from the application of the TTC con-
cept, mainly due to species differences in biopersistence and the
existence of class-specific hazard and risk assessment schemes.
Dioxin-like compounds are very hydrophobic (log Ko, higher than 5).

2.6. Proteins

Proteins are chains of amino acids connected by peptide bonds
(amide bonds). Proteins are excluded from the TTC as they may
pose a risk of sensitisation or other forms of allergenicity. It has
not been possible to identify a lower bound dose that would ade-
quately protect the population against the risk of allergy from an
allergenic protein because of considerable inter-individual vari-
ability in sensitivity. In addition, proteins were not included in
the databases used to develop the TTC values, so that the current
values cannot be applied to them. Their presence would therefore
have to be excluded in the case of an unknown peak. Proteins vary
from water-soluble to water-insoluble and are not volatile.
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2.7. Non-essential metals

In their database analysis, Cheeseman et al. (1999) included 7
compounds containing cadmium, lead and mercury. It was con-
cluded that these were more potent than other non-genotoxic
compounds, but that the threshold of regulation of 0.5 ppb (equiv-
alent to 1.5 pg/person per day) was adequate. According to Kroes
et al. (2004), metals in elemental, ionic and organic forms are not
currently covered by the TTC. There are several reasons for this.
Metals were not included in the database from which the TTC val-
ues were derived (Munro and co-workers, 1996). Some metals are
bioaccumulative, with large species differences in their half-lives.
For a number of the metals of most concern there are extensive
toxicity data, which should be used in a risk assessment rather
than a default TTC value. The metals of particular concern include
non-essential heavy metals such as mercury, lead, cadmium, ar-
senic and thallium. Organic salts in which the counter-ion is an
essential metal (e.g. Na*, Ca®*, K*) would be covered by the current
TTC scheme.

2.8. High molecular weight substances such as polymers

Polymers exist in nature (e.g. cellulose, starch) and are exten-
sively synthesised by humans (e.g. plastics). They are a diverse col-
lection of substances with differing properties. The challenge
arising with polymeric compounds is that they are normally pres-
ent as mixtures of substances with a range of molecular weights.
Cramer et al. (1978) excluded the application of their toxicity class
scheme to polymers with the rationale that they are not structur-
ally defined in terms of chain length, molecular weight and cross-
linking. When considering cosmetic ingredients, Kroes et al.,
(2007) proposed that the TTC approach may be applied to oligo-
mers and monomers present in polymeric compounds. The other
aspect which needs to be considered is that the bioavailability of
high molecular weight substances is very limited. Consequently,
in many safety assessment schemes, only the polymer fraction be-
low a molecular weight of 1000 Da is taken into consideration (see
e.g. EFSA, 2008a). It can be concluded that the current TTC concept
can be applied only to those polymeric substances with molecular
weight <1000 Da with sufficiently well defined structure.

3. Step-wise approach applying the TTC

The TTC concept as laid out by Kroes et al. (2004) assumes
knowledge of the structure and exposure to the substance to be as-
sessed. The present paper proposes a step-wise approach (see Fig. 1
and Table 2) that may allow a basic assessment of substances, the
structure of which has not been identified at all, or only to a limited
extent, on a case-by-case basis. At each step of the assessment,
those involved will need to decide which strategy is more efficient
from the perspective of time, financial and other resources, and
probability of success: that is, to follow the approach proposed
here or to seek complete identification of the peak to be assessed,
or to run both approaches in parallel.

As indicated in previous sections, the TTC threshold of 0.15 pg/
day may be applied to those substances that are potentially geno-
toxic carcinogens, but which do not belong to the COC or other TTC
excluded classes. If it is also possible to conclude that the peak in
question does not have any structural alerts for genotoxicity, then
a threshold of 18 pg/day would apply, or 90 pg/day if it can be
demonstrated that the compound is not an organophosphate or
N-methyl carbamate.

Application of the Cramer class III threshold (i.e. 90 pg/day) at
this step is appropriate for two reasons: firstly the absence of
structural alerts for genotoxicity excludes the likelihood that a

Table 2
Overview of the proposed steps in the assessment of unknown peaks.

Proposed step Background

Step1 Exclusion dependent on For some samples, it will be possible
sample source to exclude the presence of some or all
‘TTC excluded classes’ on the basis of
their origin
Step2 Exclusion by Analytical techniques are relatively
chromatographic technique, specific, so that a peak detected can
sample preparation and/or  only relate to a certain range of
detection method used or substances or chemical
partial identification characteristics. They may also
indicate the type of substance
without providing a full identification
Step3 Exclusion by targeted Analyses designed to detect certain
analysis structural elements can be applied
Step4 Dietary consumption of Due to nutritional habits, exposure
food sources containing the depends heavily on the food type
unknown substance
Step5 Quantification of unknown For risk assessment, the

compounds concentration of the unknown peak
in the sample has to be estimated

with sufficient accuracy

substance is a genotoxic carcinogen, so that a TTC based on linear
extrapolation is not appropriate. Secondly, the Munro et al. data-
base from which the Cramer/Munro thresholds were derived con-
tains non-genotoxic carcinogens so that this type of effect is
covered by these thresholds.

The approach described here is not designed either to generally
exclude the presence of certain substances in the whole food item/
sample or to conclude on the safety of the whole food item/sample,
but rather the objective is to assess one or a few unknown peaks
already detected in a sample.

The complexity of the assessment will depend on knowledge on
the origins of the sample, potential consumption of the sampled
food and the conditions of analysis having led to the detection of
the unknown peak.

In the following sections, the step-wise approach will be de-
scribed. It is a multidisciplinary exercise, requiring as a minimum
collaboration between analytical chemistry and toxicology experts.
A few examples of how this step-wise approach can be used will be
given at the end of this section.

3.1. Steps

Step 1: Exclusion dependent on sample source

Prior information about the sample can be used to judge
whether specific ‘TTC excluded classes’ are likely to occur in a
specific product. This requires a thorough knowledge of the prod-
uct with all potential contaminants that may be present. In addi-
tion, knowledge of the conditions used to manufacture the final
product and/or process used, packaging, transport, and storage
should be part of this expert judgement. The possibility of cross-
contamination introducing compounds that were not expected
has to be taken into account in the assessment. It is assumed that
the analytical procedure includes quality controls to check for
cross-contamination (e.g. checks of other batches of the product
and repetition of the analysis). Undesired changes, for example
to the organoleptic properties of the product, should be included
in this assessment.

! Note that when it can be concluded that an unknown peak does not represent a
substance from the TTC excluded classes, this does not necessarily mean that the food
item overall does not contain any of the substances of concern.
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For example, a polypropylene food contact material is very un-
likely to contain dioxins, proteins, steroids, azoxy compounds or
aflatoxins.

Step 2: Exclusion by chromatographic technique, sample prepara-
tion and/or detection method used or partial identification

Specific ‘TTC excluded classes’ can be excluded using basic ana-
lytical chemistry knowledge and evaluating the analytical tech-
nique/sample work-up procedure used. This evaluation can be
based on the following analytical principles, further details of
which can be found in the Appendix A:

(1) The chromatographic method used. For example, it can be
excluded that an unidentified peak in a GC chromatogram
is a protein, based on the physical/chemical properties of
proteins.

(2) The sample preparation technique used. If a peak was
detected in an aqueous extract of a meat product, dioxins
can be excluded based on their solubility characteristics in
water.

(3) The detection method used. For example, a peak detected
with a fluorescence detector will not be a steroid as these
do not fluoresce.

(4) Partial structure derived from analytical data. It may occur
that a new peak can be allocated to a structural group of sub-
stances but full identification is not possible. For example
the GC mass spectrum indicates that the substance is an
unsubstituted alkane (i.e. contains only C and H). If this is
the case, substances in the ‘TTC excluded classes’, and struc-
tural alerts for genotoxicity can be excluded.

Step 3: Exclusion by targeted analysis

If the unknown peak cannot be excluded as belonging to a cer-
tain class of TTC excluded substances (e.g. N-nitrosamines) based
on the sample origin or sample preparation, it should be consid-
ered whether analyses can be performed which are specific for
the TTC excluded class.

Such analytical methods are described in the Appendix A. The
targeted analysis method would have to be sufficiently sensitive
to detect the unknown peak (when this was detected by another
analytical method with possibly greater sensitivity but not as
specific).

It will often not be possible to exclude all classes of concern by
theoretical considerations on the sample origin and by the meth-
ods applied or by exclusion-type analytics, so that identification
of the unknown peak becomes necessary.

Step 4: Exposure estimated on consumption of food containing the
unknown peak

The consumed amount of foods containing the unknown sub-
stance has to be taken into account when setting priorities for fur-
ther analysis. The likelihood of adverse effects is related to the
magnitude, frequency and duration of exposure to a substance.

The TTC values in current use are based on the assumption of
continuous, lifetime exposure. In many cases of unexpected peaks
found by analysis of a food sample, these will have arisen as a
consequence of some kind of contamination. Such food is not
consumed throughout a lifetime, but for shorter periods, a few days
or weeks (presence in specific batches) or intermittently (appearing
periodically). Evaluation of the likely consumption pattern of the
food in question will allow conclusions on the exposure to the un-
known peak once its concentration in the food is estimated (step 5).

In situations where the period of human intake is acute, short
term or intermittent, higher thresholds may be appropriate. This
has been considered in a proposal for application of the TTC con-
cept to cosmetic ingredients (Kroes et al., 2007), where exposure
was adjusted downwards by a factor of 3-fold for ingredients used
only once per week and 10-fold for ingredients used less fre-

quently. Similarly, Felter et al. (2009) have proposed that for trace
contaminants in food with structural alerts for genotoxicity, where
exposure is short term (less than one year), a TTC limit of 1.5 pg/
day (rather than 0.15 pg/day) would be appropriate. Where expo-
sure to genotoxic impurities in pharmaceutical ingredients is for
defined periods of 1 year or less, the European Medicines Agency
(EMA, 2010) uses adjustments to the conventional TTC value,
depending on the duration of exposure. It is not within the scope
of the present work to decide on which TTC value should be used
in such circumstances. EFSA is currently evaluating this, and their
recommendations should be taken into account when available?.

For estimates of consumption of specific foodstuffs, interna-
tional databases might be helpful. The WHO GEMS/Food project
(Global Environment Monitoring System) has collected data on
consumption in relation to age groups, time of exposure and geo-
graphical area. For the EU, EFSA (The European Food Safety Author-
ity) has established the Concise European Food Consumption
Database (EFSA, 2008b), which contains data on average daily con-
sumption of foods per person sourced from the Member States. The
foods are grouped in 15 broad categories with 21 subcategories to
be used as a first screening tool for EFSA and scientists in the Mem-
ber States. EFSA is currently developing a comprehensive database
of food consumption data. Results from analysis of one food sample
showing an unexpected peak, will require a judgment of how large
a part this food could cover in one of the subcategories in the ta-
bles. Methods are available to take this into account when estimat-
ing exposure.

Step 4 could include calculation of how many grams of the food
containing the unknown substance in question would have to be
consumed to exceed the threshold. This would give a quick over-
view of the situation, and indicate whether the unidentified peak
is likely to be a major problem or not. An alternative would be to
use the TTC to define the maximum concentration of a substance
that could occur in the food without exceeding the TTC value.

Step 5: Quantification of unidentified peaks and risk characterisation

Once reasonably confident that the unknown peak is not in the
‘TTC excluded classes’, the final step of the approach is to estimate
the quantity of substance that may be present. Analytical methods
for the determination of trace substances are usually developed
specifically according to the properties of the individual substances
in question. For known substances, analytical standards for the tar-
get substance are used so that the accuracy and precision of the
analytical method can be demonstrated and the instrumental re-
sponse calibrated. This, however, is not possible when the identity
of the contaminant is unknown and therefore care must be taken
in choosing appropriate extraction, enrichment and instrumental
techniques. The general process for devising a suitable analytical
method for an unknown is as follows:

(1) Utilise a non-selective extraction and clean-up procedure to
prepare the unknown for detection. If appropriate, this will
reflect the method by which the presence of the contami-
nant was originally detected.

(2) Redevelop the existing method to utilise a detection system
that has a universal response and is therefore appropriate for
quantifying an unidentified peak. Suitable detectors are dis-
cussed in the Appendix A.

(3) Maximise recovery by changing extraction and clean-up
parameters to maximise response of the unknown.

(4) Quantify against a range of standards with suitable physico-
chemical characteristics, added to the sample at the target
concentration derived from the TTC.

2 http://www.efsa.europa.eu/en/scwgs/documents/scafttc.pdf.
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If the original method by which the contaminant was detected
was not a chromatographic method (IR spectroscopy, for example),
then a non-selective approach should be taken to “find” the con-
taminant by GC or HPLC prior to further refinement of the method.
This will most likely involve analysis by a general method as de-
scribed above with analysis of a sample where no contaminant
peak was detected to serve as a control.

More details on the analytical approaches to quantifying un-
knowns can be found in the Appendix A.

Once the estimates from steps 4 and 5 are at hand, the daily
exposure can be calculated and compared against the appropriate
TTC thresholds. If the presence of a genotoxic substance cannot be
excluded based on the origin and processing of the sample, the
estimate of intake should not exceed the threshold of 0.15 pg/per-
son/day (or higher if an adjustment factor for short term exposure
is accepted). If the estimated intake is below this value, the intake
is in an area of negligible risk, and it is again a case-by-case deci-
sion as to whether further action is considered necessary. If it
can be excluded that the unknown peak is a genotoxic substance
(or contains a structural alert for genotoxicity) and the analyses
indicate that the substance does not belong to the ‘TTC excluded
classes’, organophosphates or N-methyl-carbamates, comparison
of the estimated intake of the specific food with the TTC of
90 ng/person/day (or corrected by a factor for short term exposure)
will indicate whether the peak is of toxicological concern. If so, the
need for chemical identification and optimisation of the analytical
method would then be a likely risk management decision.

Application of the TTC approach to unknown substances as de-
scribed above should provide the initial step in risk characterisa-
tion for the unknown peak and should help to quickly identify
those problems that need more thorough research.

3.2. Examples of the step-wise approach

Three examples are described below in which the step-wise ap-
proach was applied to an unknown peak not detected previously. It
is discussed how each of the steps can be used in practice. For the
three examples, the step-wise approach helped in reaching a con-
clusion that the unknown peak posed no risk to consumer safety.

3.2.1. Cucumber example

During a pesticide screen of cucumber extracts by GC-MS, a peak
was detected that was not normally seen in cucumber, nor did it
match the retention time of any pesticide for which a standard
was available. The sample had been extracted with mixed polarity
solvents and purified by gel permeation chromatography to allow
the analysis of a range of substances with different properties.

The presence of the unidentified peak was assessed using the
step-wise approach to the TTC in order to assess consumer safety.

Step 1. Sample source

Cucumber is a watery fruit that contains negligible amounts of
fat and therefore the presence of dioxin-like compounds can be ru-
led out. N-nitroso compounds are formed in the presence of nitrites
and are more associated with processed foods than fresh fruit and
vegetables and so are also excluded. Azoxy compounds find their
origin mainly in dedicated complex chemical synthesis (Boyd,
1997) and are very unlikely to be formed during food produc-
tion/processing. Azoxy compounds were therefore discounted at
this stage.

Step 2. Analytical method

Samples were purified by gel permeation chromatography
(GPC) used for size/molecular weight separation to remove large
molecules such as proteins and lipids. Analysis was then carried
out by GC-MS with the unknown peak eluting at 11.66 min when
the oven temperature was approximately 200 °C.

Proteins and large molecular weight polymers would be filtered
out by GPC and also would not be amenable to GC analysis and are
therefore excluded. Steroids can be analysed by GC but typically
they are only semi-volatile at best and require very high oven tem-
peratures (>275 °C) so would not be expected at the retention time
of this peak. Aflatoxins are not sufficiently volatile for GC analysis
so it can be concluded that the unknown peak is not an aflatoxin-
like substance.

Attempts at partial structural identification from the mass spec-
trum of the unknown peak were inconclusive with no library
match and no characteristic ions to interpret. Therefore, not en-
ough is known of the structure of the unknown peak to determine
whether or not it might be a genotoxin.

Step 3. Exclusion by targeted analysis

The presence of metals (as volatile organometallics) cannot be
ruled out based on the first 2 steps. The sample was sent for trace
metal analysis by ICP-MS and was found to contain metals within
the normal concentration range for cucumber samples.

Step 4. Dietary consumption of food sources containing the un-
known peak

As the unidentified peak could be potentially genotoxic, the TTC
value of 0.15 pg/day would apply. Cucumber intake of 6.5 g/day
(UK National Statistics, 2001) was used in the calculation. There-
fore, the maximum concentration of the unknown peak that could
be considered not to represent a risk to human health would be
23 ng/kg of cucumber.

Step 5. Quantification

Cucumber was spiked with a range of substances, many of
which were the standards for which the method that detected
the unknown had been optimised, at the action level defined above
(23 pg/kg). The spiked cucumber was analysed by the same extrac-
tion-GPC method as previously used. By using a range of sub-
stances as standards it was considered that recovery, detector
response and matrix effects were corrected automatically. The re-
sponses of the standards should be compared and the mean used
as the level of concern if there is reasonable equivalence of re-
sponse (RSD <30%), otherwise the lowest response of the stan-
dards should be used as the level of concern. The response of the
unknown must be less than the level of concern for the risk to be
judged acceptable.

A sample of cucumber was fortified with the following contam-
inants, each at 23 pg/kg: a-HCH; HCB; B-HCH; 8-HCH; heptachlor;
aldrin; heptachlor epoxide; o-lindosulfan; pp’-DDE; dieldrien;
endrin; B-endosulfan; pp’-TDE + op’-DDT; pp’-DDT; methoxychlor;
acrylamide; benzene; 2,4,6-trichlorophenol; 2,4,6-trichloroanisole

Analysis was carried out as follows:

e Homogenised, extracted using acetone, ethyl acetate/cyclohex-
ane (50/50).

e Crude extract filtered and cleaned-up using gel permeation
chromatography.

e Final extract reduced to 1 mL volume.

e Unspiked cucumber also reanalysed.

Not all the responses of the standards are resolved from the ma-
trix background. Only standards that were well resolved from
other peaks, were used in quantification. The mean response (peak
height) of the other reference compounds is set as the level of con-
cern, in this case 23 pg/kg. The peak of interest at 11.66 min was
below this level and therefore was not considered a risk to con-
sumer health (see Fig. 2).

3.2.2. Off-odour in a dry ready meal

Consumers noticed a strange smell on preparation of a dry
ready meal. It was important to assess the risk to the consumer
from consumption of this product.
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The distinctive odour was traced to a single ingredient (dried
vegetable) and this was analysed for volatile contaminants by
headspace-GC-MS. Two unknown peaks not present in normal
samples were detected. The first was identified from its mass spec-
trum as toluene and this was quantified using toluene as an analyt-
ical standard. The second peak was reanalysed on a headspace GC
system with an olfactometer. A trained specialist confirmed that
the second peak caused the off-odour. Since the identity of the
peak was still unclear the step-wise approach to the TTC was ap-
plied as follows:

Step 1. Sample source

The affected ingredient was a processed dried vegetable and
caused a distinct off-odour. Contamination was likely to have oc-
curred during processing.

Based on the assessment by GC-olfactometer, it is reasonable to
assume that the unknown peak caused the off-odour described by
consumers. Aflatoxins, steroids, proteins, non-essential metals and
high molecular weight compounds are not sufficiently volatile to
contribute to an off-odour. Contamination of foods with dioxins
and PCBs has been extensively reported but there are no accounts
of an associated off-odour. N-nitrosamines typically have only a
faint odour. Therefore, the only TTC excluded compounds not ex-
cluded are the azoxy compounds, the odour of which is unknown.
However, as discussed in the cucumber example azoxy compounds
can be discounted at this stage. Therefore, it is reasonable to ex-
clude all the TTC excluded classes at this stage.

Step 2. Exclusion by analytical method

Analysis was conducted by headspace GC-MS so only volatile
substances would be detected. This would lead to the exclusion
of aflatoxins, proteins, steroids, dioxin-like compounds, high
molecular weight polymers and non-essential metals.

Partial identification using the mass spectrum of the unknown
peak showed the presence of a chlorine isotope pattern and addi-
tional fragment ions that indicated it was likely that the unidenti-
fied peak was a trichlorinated substituted benzene compound.
Trichloroanisoles and trichlorophenols were the closest matches
to the mass spectrum, neither of which is genotoxic but both of
which produce distinct off-odour at low concentrations. They can
both be formed due to insufficient removal of chlorinated cleaning
solutions used to disinfect food manufacturing facilities and so the
presence of a substance of this type is plausible. However, the

1651

unknown cannot be identified clearly as neither its mass spectrum
nor its GC retention time matches that of any of the analytical stan-
dards available.

Step 3. Exclusion by targeted analysis

All ‘TTC excluded classes’ could be excluded in step 1 since they
do not give rise to odours. Additionally, some structural informa-
tion was deduced in step 2. Therefore, no targeted analysis was re-
quired to exclude the ‘TTC excluded classes’ of compounds.

Step 4. Dietary consumption of food sources containing the un-
known peak

The risk assessment was to be based on consumption of one
ready meal per day (50¢g) containing 1g of the contaminated
ingredient. Since there is sufficient information on the chemical
structure to be able to rule out both gentoxic substances, organo-
phosphates and N-methyl-carbamates, the relevant TTC threshold
is 90 pg/day in this case. This means the maximum concentration
in the ingredient without concern would be 90 pg in 1 g of the con-
taminated ingredient or 90 ppm.

Step 5. Quantification

Samples (1 g) of the contaminated dried vegetable were spiked
with isomers of trichlorophenol and trichloroanisole as standards,
compounds believed to be similar in properties to the contaminant
based on the mass spectra. The response of the instrument to the
standards was determined and used to estimate the concentration
of unknown in the food. This was used to specify an appropriate
spiking concentration to give a response similar to that of the un-
known peak. Analysis was by headspace GC-MS and the unidenti-
fied contaminant was quantified based on the mean response
factor of the related compounds.

In this case the unidentified peak was determined to be at a le-
vel significantly below 90 ppm and the risk to consumer safety was
deemed acceptable. However, the product was considered unpalat-
able and was withdrawn from sale on the basis of quality grounds.

3.2.3. Plastic food contact material example

A new chain transfer agent is under development to improve
the properties of polypropylene (PP) food contact resin. Laboratory
scale and pilot plant resins have been produced with the new
material. The new type of resin is extracted with toluene and ana-
lysed by gas chromatography/FID. The new chain transfer agent is
not detected in the extract, as it decomposes in the polymer
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Fig. 2. Example chromatography of (a) Unspiked cucumber, (b) cucumber spiked with standards at 23 pg/kg, (c) standard solution in solvent. In (b) the mean response of

spiked substances at 23 pg/kg is indicated.
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production process. The analysis reveals two additional unknown
peaks at low level, which were not present in the solvent extracts
of the conventional food contact resin. The two unknown peaks are
a doublet located at 15.85 min and 15.90 min. The low height of
the peaks prevents their identification from the extract.

Step 1. Sample source and Step 2 chromatographic technique used,
sample preparation and/or detection method

The new chain transfer agent is an organic substance that is
insoluble in aqueous, acidic media, but is soluble in food oil, 95%
ethanol and isooctane. Several potential breakdown products have
been theorised, but none are commercially available compounds.
Similar solubility properties as for the parent compound are ex-
pected for these breakdown products. From the structure of the
chain transfer agent or potential breakdown products, one can con-
clude that the unknowns in the solvent extract are not polyhalo-
genated dioxin, -dibenzofuran, or -biphenyl compounds. Metals
or metal-containing compounds are also excluded from knowledge
of the process chemistry and also they would not be detected by
this analytical technique. Likewise, process chemistry and the
chemistry of the chain transfer agent eliminate non-essential met-
als, azoxy-, or N-nitroso-compounds as possible unknowns. Afla-
toxin-like compounds, polymers and proteins are excluded by
the chromatographic techniques.

Step 3. Targeted analysis

Targeted analysis for the ‘TTC excluded classes’ is not necessary,
as sample source and analytical technique allow a conclusion that
the unknown peak does not belong to any of those classes.

Step 4. Dietary consumption of food sources containing the un-
known peak

The risk assessment was based on standard assumptions of con-
sumption of 200 g food per day (EFSA, 2008a) using the fat reduc-
tion factor of 5 (see Commission Directive, 2007/19/EC April 2,
2007) packaged in the respective material. Applying the TTC of
0.15 pg/day for the two unknown peaks means the maximum con-
centration in the food without concern would be 0.75 pg/kg. If one
can determine that the two unknown peaks migrate to fatty food
simulant below a level that would correspond to an exposure of
0.15 pg/day, then according to the TTC concept the two unknowns
would present a negligible risk.
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Step 5. Quantification

The upper chromatogram in Fig. 3 is for the solvent extract in
which the presence of the two unknown peaks was detected. Note
that the peaks detected in the toluene solvent extract are represen-
tative of what is in the resin, but not necessarily of what will mi-
grate into food. The solvent extracts are applied to simplify the
check for potential migrants, as they contain higher concentrations
of the substances than migration solutions. To estimate the level of
migration into food and from there the exposure, migration simu-
lation experiments were conducted. As the intended use of the
material is in packaging of fatty food, the standard fatty food sim-
ulants 95% ethanol and isooctane were applied in the migration
experiments. Film samples of the PP resin were obtained and a
migration study was conducted. The 95% ethanol experiment was
carried out at 40 °C for 10 days, while the isooctane experiment
was conducted at room temperature for 48 h [Directive 82/711/
EEC, Chapter III, Table 4]. The volume to surface ratio in the migra-
tion test was 25 mL/dm? or 150 mL/6 dm?. This means that a con-
centration of 0.75 pg/kg in the food would correspond to a
concentration of 1000/150 x 0.75 =5 pg/L in the food simulant.

The applied standard (tetradecane) and the components of
interest are assumed to have similar detector responses based on
the application of a universal detector, the response of which is
based on carbon mass. The level of 5 pg/L standard spiked into
the migration solutions would correspond to an exposure level of
0.15 pg/day under the following assumptions (Commission Direc-
tive, 2007/19/EC April 2, 2007):

e Consumption of food packaged in the respective material: 200 g
per day (fat reduction factor of 5).

o Surface of resin in contact with the food: 6 dm?/kg food.

e Volume of food simulant exposed to the resin surface: 25 mL/
dm? (enhanced surface to volume ratio) (0.15 pg/day x day/
0.2 kg food x 1 kg/6 dm? x 1 dm?/25 mL sim = 5 pug/L simulant).

Fig. 3 depicts the chromatographic overlay of the solvent extract
analysis (top chromatogram) and the two food simulants (middle
chromatogram - isooctane, lower chromatogram - 95% ethanol).
The chromatogram shows that the unknown peaks (see dashed
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Fig. 3. Chromatogram overlay of the resin toluene extract and the isooctane and 95% ethanol migration receptor fluids. Before GC-FID analysis, the migration solutions were
fortified with an internal standard at a concentration of 5 pg/l. The dashed oval indicates the peaks of interest.
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oval) are only detected in the toluene extract of the polymer and
not in the 95% ethanol or isooctane exposed to the plastic film in
the migration studies. In contrast, the internal standard was
detectable at 5 pg/L in both 95% ethanol and isooctane. Therefore
it can be concluded that the two unknowns, while being present
in the plastic, do not migrate into the fatty food simulants at a level
equivalent to an exposure of 0.15 pg/day or above. Therefore, the
two unknowns are not likely to be a safety concern.

It should be noted that the toluene extracted much more mate-
rial from the PP resin than the food simulants. It should also be
noted, that without knowing the identity of the chain transfer
agent, the process conditions and likely breakdown products, it
would not be possible to exclude the COC.

4. Future developments

To be able to conclude that an unidentified peak does not pose a
concern for health requires first that it can be shown not to belong
to a ‘TTC excluded class’. Dedicated analytical techniques are avail-
able for most of these classes and hence specific research to further
develop these techniques is not a high priority. Of course, develop-
ments where cost-efficiency and speed of analysis are improved
are always desirable.

4.1. Analytical methods for structural alerts

Potential genotoxicity needs to be evaluated when assessing the
safety of an unknown peak (e.g. Ashby et al., 1989). Structural
alerts are functional groups such as azoxys, aromatic amines, alkyl
aldehydes and propiolactones/propiosultones. If one can demon-
strate that an unknown peak does not comprise a molecule con-
taining structural alerts for genotoxicity, the chance that it has
genotoxic potential is low.

An approach to exclude the presence of these structural alerts
from a complex matrix is by developing analytical methods to de-
tect structural alerts, for example by labelling the functional group
of interest and selective detection by fluorescence or by studying
mass spectrometric fragmentation pathways indicative for a spe-
cific functional group. Aromatic amines for example can be deriva-
tised by pentafluorobenzoyl chloride followed by GC-MS (Coulier
et al., 2008). Although this approach is promising, it is questionable
whether sensitive and selective methods can be developed to ex-
clude all structural alerts. It may therefore be more realistic to de-
velop biological assays that allow detection of genotoxicity at a
relevant concentration.

Many assays exist that will give an indication of the genotoxic
potential of substances, however most of these were developed
to test pure known substances at high concentrations. These tests
are unsuitable for the application described in this paper i.e. un-
known peaks at low concentrations in food or ingredients. There-
fore, more research is needed to make these or other tests
suitable for testing unknown substances at low concentrations.
Some recent developments are described below. Further develop-
ments are needed to decide whether or not the unidentified peak
is a possible genotoxin.

4.2. Use of bioassays

TTC values are based on the toxicological activity of chemicals.
Certain groups of substances are excluded from application of a
TTC value because of their very high biological potency. Such sub-
stances include certain groups of genotoxic carcinogens, and diox-
in-like compounds (in part these are also excluded because of
species differences in their biopersistence, as are non-essential
metals). Each group exhibits a certain pattern of biological effects

while their chemical structures may be diverse. Hence, the use of
generic screens for biological properties relevant to the toxicity
of these compounds would be very advantageous in the develop-
ment of a strategy such as that proposed in this paper.

Over the last few years a range of biosensor systems have been
developed (Rogers, 2006). An example of such a biosensor is the
DR-CALUX system for dioxin-like compounds. This and related as-
says are sufficiently sensitive for screening complex samples,
including foodstuffs, for the presence of dioxins and related com-
pounds (Scippo et al., 2004a; Jeong et al., 2005; De Hoogenboom
et al., 2006; de Waard et al., 2008).

In the case of heavy metals, both substance and class-selective
biosensors have been developed. Metal-responsive elements that
have been used include those from metallothionein (Varriale
et al.,, 2007; Gutiérrez et al.,2009), from regulator proteins (Radhika
et al., 2005) and from phytochelatins (Bontidean et al., 2003).

In the case of genotoxins, whilst the priority within the context
of the TTC strategy proposed, is to exclude those potent genotoxins
in the COC, there would be considerable value in being able to ex-
clude all DNA reactive genotoxins, providing that the limit of
detection was consistent with the TTC values that would need to
be used (e.g. 0.15 pg/day intake for lifetime exposure). DNA-
reactive genotoxins, which include those in the COC, form covalent
adducts with DNA. Depending on the nature of the adduct, a spe-
cific DNA repair response is stimulated, the components of which
are encoded by genes containing response elements amenable to
the development of biosensor systems. These assays have been
developed primarily for use in in vitro genotoxicity screening of
pure compounds, and their utility in screening complex matrices
such as food has not been investigated to any appreciable extent.

The current limitations of most biosensors, including those for
genotoxins and heavy metals, when applied to food are analytical
sensitivity and, because they involve intact, cell-based systems,
interference from other components in the matrix.

The latter may act either to mask a response, for example due to
scavenging of reactive species, or to induce a response in the ab-
sence of a substance of concern. However, it should be noted that
many natural ingredients of traditional foods will result in positive
findings in classical genotoxicity assays and also in reporter gene
assays. Whilst these may be of no concern due to the ‘history of
safe use’, it would be difficult to rule out these food matrix related
positives in highly sensitive bioassays. Hence, in practice, such as-
says are most likely to find application in the analysis of (partially)
resolved peaks.

Whilst there is obvious potential for the application of biosen-
sors in the strategy proposed, they are not yet sufficiently reliable
and/or suitable for this purpose, although this may not always be
so. It may well be possible that future developments are such that
very sensitive, robust biosensors, suitable for screening foods sam-
ples, will eventually become available.

The necessary limit of sensitivity of such assays could be deter-
mined using step 4 methodology, on either a food matrix or on a
fraction from an HPLC column. Hence, the amount of the food in
question, or equivalent to the volume of column effluent, that
would have to be consumed to exceed the threshold could be cal-
culated, based on appropriate data for consumption of the food, as
explained above.

4.3. Short-term exposure vs chronic exposure

The current TTC values are based on the assumption of contin-
uous lifetime exposure. However, there will be situations where
the TTC concept might be appropriate, but exposure is for less than
lifetime (or may be intermittent). It has been suggested that, in
such situations, it might be appropriate to adjust the lifetime TTC
values, to allow for this (e.g. Humfrey, 2007; Felter et al., 2009).



1654 S. Koster et al./Food and Chemical Toxicology 49 (2011) 1643-1660

The issue of adjusting lifetime estimates of risk for shorter dura-
tions of exposure has been addressed more broadly by the ILSI
Health and Environmental Sciences Institute. They have developed
a framework approach to this, which will be published in the peer
reviewed literature, some time in 2011 (Felter et al., in press). The
framework is relevant for assessing compounds with bioassay data
that can support a substance-specific risk assessment, and also
those lacking data, in which case TTC is recommended as a conser-
vative starting point for the assessment.

4.4. Future developments of TTC

The TTC concept has been continuously developed over the last
decades. New toxicological studies and database evaluations have
been performed in the years after its initial introduction and gave
new toxicological insights that were implemented in new TTC
thresholds and new classes of substances were introduced that re-
quired special attention within TTC. At the same time, many of the
evaluations of specific classes of substances concluded that the ini-
tial thresholds are sufficiently conservative to cover their effects.
The increasing amount of data becoming available on various types
of substances and different endpoints and exposure routes will
broaden the database, thus increasing the confidence in the thresh-
olds, and enable a refinement of the substance groupings. Such
developments can be readily incorporated into the approach de-
scribed in this paper. Newly defined thresholds would be part of
step 4 of this work. Also, any potential new ‘TTC excluded classes’
could be evaluated in a manner, similar to that for the substances
described in this paper.

5. Conclusion

The step-wise approach detailed above provides a method for
application of knowledge of both analytical chemistry and toxicol-
ogy to conduct safety assessments when an unexpected, unidenti-
fied substance is detected in food. The approach described seeks to
meet safety assessment needs in situations when it is analytically
difficult to identify a substance, an assessment is needed urgently
and/or when the number of peaks is such that it is not feasible to
evaluate all of them completely with available resources. Using
information on the history of the sample, the behaviour of the sub-
stance during chemical analysis and compound class-specific ana-
lytical techniques it may be possible to rule out the presence of
certain classes of compounds (the ‘TTC excluded classes’) and
therefore allow application of the TTC approach in the risk assess-
ment. Approaches to estimate the quantity of the unknown sub-
stance that is present and therefore exposure are discussed, and
TTC-based risk assessment has been illustrated with some
examples.

It is important to recognise that this approach is limited to the
presence of unexpected substances that have been detected al-
ready. It cannot be used as a general screen of foodstuffs for safety.
The key to this approach is that the substance under assessment is
detectable, i.e. is present above the limit of detection of the applied
analytical method. Due to technical limitations, it cannot be as-
sumed that all potential toxicants are detected in every analysis.
Therefore this approach assesses the potential impact of a specific
detected unknown and does not assure overall food safety, for
which other strategies have been developed.

This approach can be widely applied, although it may be limited
by a lack of knowledge of sample history or inconclusive analytical
behaviour. It should always be considered whether pursuing the
step-wise approach presented here is an efficient alternative to
identification of the substance by a set of enrichment and

analytical techniques (including for example, NMR spectroscopy
of an isolated fraction of the substance).

Whereas the presence of the ‘TTC excluded classes’ can be as-
sessed by a combination of expert judgement and targeted chem-
ical analysis, determining whether the unknown substance
presents a genotoxicity concern is unlikely to be possible without
at least some structural information. The assays presently available
for assessing genotoxicity are not sufficiently sensitive or selective
to be applied to trace level substances in complex food matrices.
Whilst some information may be gained from mass spectrometry
there will be many cases when safety assessments need to be con-
ducted without structural information, assuming the worst-case
scenario that the substance is a genotoxic carcinogen. It is likely
that if the unknown substance can be readily detected that it will
be present at a concentration that leads to exposure above the TTC
level of 0.15 pg/day, and consequently the risk to consumers
would have to be assessed in more detail. It is hoped that in the fu-
ture, more sensitive assays for determining genotoxic potential
will be developed allowing the genotoxicity of trace substances
in complex matrices to be adequately assessed and higher steps
of the TTC to be used more routinely in risk assessment.

Key to the application of the TTC approach to risk assessment is
consumer exposure to the contaminated foodstuff. For foods con-
sumed in relatively small amounts (e.g. herbs and spices) even
readily detectable levels of an unknown peak may result in con-
sumption of significantly less than 0.15 pg/day with no need to as-
sess genotoxicity.

The TTC approach is useful in evaluating unknown substances
in food. It is acknowledged that limitations, as described above,
could restrict the range of application somewhat. However, future
developments in analytical chemistry and genotoxicity assays
should reduce these limitations.
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Appendix A. Analytical chemistry approaches to application of
the TTC to unknown peaks

Key to the routine use of the TTC approach in assessing the risk
of an unknown peak in food is the analytical chemistry behind the
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detection of the unknown. This Appendix A will look in detail into
the analytical chemistry and how it relates to the step-wise ap-
proach outlined earlier in this paper. Three steps of the approach
involve analytical chemistry and are relevant for the scope of this
Appendix A:

Step 2. Exclusion by chromatographic technique, sample prepa-
ration and/or detection method used or partial identification by
analytical techniques.

Step 3. Excluding the COC and other TTC excluded classes with
specific screening methods and targeted analysis.

Step 5. Analytical approaches to the quantification of un-
knowns.

A.1. STEP 2: Exclusion by chromatographic technique, sample
preparation and/or detection method used or partial identification by
analytical techniques

The analytical method by which an unknown peak is first de-
tected can give information on the properties of the unknown peak
and clues as to its identity. It is therefore possible to exclude the
presence of ‘TTC excluded classes’ by reviewing the analytical ap-
proaches taken initially and considering the predicted fate of the
TTC excluded classes by the method used.

This evaluation can be based on three main analytical
principles:

(1) Sample preparation technique.
(2) Chromatographic method.
(3) Detection method.

A.1.1. Sample preparation (extraction and clean-up)

For samples of food and food ingredients, it is likely that the
analytical method which detected the unknown comprised an
extraction step (usually using organic solvents) followed by some
kind of purification and enrichment step to remove, for example,
salts, fats and sugars (collectively known as clean-up) and concen-
trate the sample to improve detection limits.

Sample preparation will have a major influence on whether or
not ‘TTC excluded classes’ can be detected. Consequently, the sam-
ple preparation technique will give information on whether or not
a detected peak belongs to a particular ‘TTC excluded class’.
Table A1 includes examples of some common sample preparation
techniques and the ‘TTC excluded classes’ that could be excluded.
Alternatively, the table contains information on the ‘TTC excluded
classes’ that would not be detected by a technique.

Table A1
Members of the ‘TTC excluded classes’ that can be excluded based on the sample
preparation technique.

Sample preparation technique ‘TTC excluded Classes’ excluded®

used

Extraction (and liquid/liquid Aflatoxins, metals, proteins®
partition) into non-polar

solvent

Extraction (and liquid/liquid Dioxins, steroids®
partition) into aqueous

solvent

Retention on ion exchange SPE  Dioxins, aflatoxins, N-nitrosamines (anion

exchange); depending on the SPE material

Steam Dioxins, aflatoxins, steroids, metals/non-
distillation/headspace volatile compounds
analysis

@ ‘TTC excluded class’ for which the sample preparation technique is unsuitable,
i.e. the detected, unknown peak is not part of that ‘TTC excluded class’.

b poor recovery for these groups of substances but cannot be completely dis-
counted that they are extracted and may be detected in chromatography.

A.1.2. Chromatographic methods and exclusion of ‘TTC excluded
classes’

A large number of separation techniques are available for ana-
lysing complex mixtures, such as gas chromatography for volatile
substances and liquid chromatography and thin layer chromatog-
raphy for non-volatile substances. For the purposes of this docu-
ment gas chromatography and high performance liquid
chromatography will be the only techniques considered, as they
are by far the most common methods used in quality control and
research & development laboratories. Detailed information about
these separation techniques and detectors is available in the liter-
ature (Snyder et al., 2010; MaMaster, 2005; Fowlis, 1995).

Detection of an unknown peak by either gas chromatography or
high performance liquid chromatography can immediately allow
the exclusion of certain ‘TTC excluded classes’. Table A2 summa-
rises the behaviour of the ‘TTC excluded classes’ by each technique.
For both proteins and polymers, their presence is not as a single
entity but as a collection of molecules with a wide molecular
weight distribution. This presents itself as an obvious chromato-
graphic pattern rather than a single peak.

A.1.3. Detection techniques

There are a range of detectors for both gas chromatography and
high performance liquid chromatography. Typically, detector re-
sponse is calibrated using standards containing known concentra-
tions of the target analyte. However, this is not possible for an
unidentified peak. In terms of the quantification of unknowns, it
is important to choose a detector that gives broadly the same re-
sponse to all analytes. In GC analysis, there are a range of detectors
with specific response to the presence of certain chemical groups
but only two approach universality: flame ionisation detection
(FID) and mass spectrometry (MS). Universal HPLC detectors in-
clude refractive index, evaporative light scattering, charged aerosol
discharge (CAD) and nano quantity analyte (NQAD) detectors, all of
which are likely to detect most substances, although only CAD and
NQAD can be considered suitable for quantification of unknowns as
they have a similar response for many analytes.

A.1.3.1.. Exclusion of the GC detectable ‘TTC excluded classes’ by
detector type. The ‘TTC excluded classes’ that may be analysed by
gas chromatography are dioxins, organometallic molecules, ste-
roids, N-nitrosamines and azoxy compounds. Table A3 summarises
whether they would be detected on typical GC detections systems.

Note that a member of the COC and other ‘TTC excluded classes’
(particularly azoxys and steroids) may also contain another func-
tional group that makes it detectable with other detectors. For
example, a compound containing both an azoxy group and a chlo-
rine atom will be detectable by ECD whereas it is not detectable
with ECD when the chlorine is absent.

A.1.3.2.. Exclusion of the HPLC detectable ‘TTC excluded classes’ by
detector type. With the exception of metals, HPLC methods gener-
ally cannot be used to completely exclude any ‘TTC excluded

Table A2
Summary of the behaviour of the ‘TTC excluded classes’ upon analysis with GC and LC.

Type of chromatography =~ Compound classes that would not be detectable
with the type of chromatography due to their

physico-chemical properties

Gas chromatography Dioxins if headspace GC

Steroids if headspace GC

Metals (except few organometallics)
Aflatoxin-like compounds (except at high

column temperatures)

Liquid chromatography Metals (except few organometallics)
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Table A3
Elimination of GC detectable ‘TTC excluded classes’ by detector type.

GC detector ‘TTC excluded classes’ ‘TTC excluded

responding detectable classes’ not
to the unknown peak detectable
MS Dioxins, steroids,
N-nitrosamines, azoxys,
organometallic molecules
FID Dioxins, steroids,
N-nitrosamines, azoxys,
organometallic molecules
FPD Organometallic Dioxins, N-
molecules nitrosamines,
steroids, azoxys
NPD Nitrosamines, azoxys Dioxins, steroids
ECD Dioxins Steroids,
nitrosamines, azoxys
TEA Nitrosamines Dioxins, steroids, azoxys

classes’ from consideration of an unknown peak. Table A4 presents
different LC detectors that have been considered and their re-
sponse to ‘TTC excluded classes’.

Both proteins and polymers would be easily recognisable to the
analyst and will not be considered in this section. It is unlikely that
dioxins would be present at a high enough level to be quantified by
any technique other than GC-MS or GC-ECD but in some cases (for
example contamination of guar gum with highly chlorinated diox-
ins from pentachlorophenol use) it would not be possible to com-
pletely exclude dioxins when HPLC is used.

A.1.3.3.. Partial identification of an unknown peak. Complete/thor-
ough identification of a peak would theoretically require a combi-
nation of several techniques depending on the physico-chemical
properties of the analyte. For a standard organic compound this
could be, for example, GC-MS, 'H-NMR and UV or GC-MS and com-
parison in the GC with a standard. Such analytical examinations
mostly require the analyte to be available as an isolated compound

Table A4
Elimination of ‘TTC excluded classes’ by HPLC detector type.

Detector ‘TTC excluded Detection of ‘TTC excluded class’
class’
DAD/UV Dioxins Detectable only if present at
sufficiently high concentrations
Aflatoxins Possible
Steroids Possible, commonly detected at
240 nm
N-nitrosamines Unlikely”
Azoxys Depends on overall structure
Fluorescence Dioxins Excluded
Aflatoxins Possible
Steroids Certain steroids (e.g. estradiol)
N-nitrosamines Unlikely”
Azoxys Dependant on overall structure
Mass Spectrometry  Dioxins Unlikely
Aflatoxins Possible
Steroids Possible
N-nitrosamines Possible
Azoxys Possible

Refractive index/ All ‘TTC excluded classes’ potentially detectable
evaporative light although sensitivity unlikely to be sufficient for food
scattering applications

Charged aerosol/
NQAD

All ‘TTC excluded classes’ potentially detectable at
concentrations likely to be relevant to food

" Detection unlikely but depends of entire structure of analyte.

in relatively high concentration - a condition which will not be ful-
filled in many cases of food trace analysis.

Accurate mass-mass spectrometry, whether by time of flight
(ToF), magnetic sector, Fourier transform or Orbitrap™, allows a
definitive molecular formula (i.e. the number and type of atoms,
but not the structure) to be assigned to unknown peaks. Further
structural information can also be obtained from the presence of
fragment ions, again with precise molecular formulae assigned.

The use of mass spectrometry can lead to partial structural
identification of an unknown to varying degrees when no standard
compound is available. This can influence the risk assessment as
follows:

(1) Exact library match or unambiguous structure assigned from
molecular formula information. Risk assessment can then
take place using available toxicological information or the
TTC if sufficient toxicological information does not exist.
When using the TTC, structural alerts for genotoxicity can
be assessed from the derived structure.

(2) An exact structure cannot be determined but a limited num-
ber of possible structural isomers can be assigned. Risk
assessment can be based on the most toxic of these isomers
if toxicological data are available for all or proceed via the
TTC approach. All isomers would need to be checked for
genotoxicity structural alerts.

(3) Only a partial structure can be assigned. The mass spectrum
should be carefully evaluated to see what information can be
deduced. Certain chemical groups give rise to characteristic
mass losses which can help build up an idea of the structure
of the molecule.

Scenario 3 above gives the greatest uncertainty since the molec-
ular formula may not be known and all conclusions are based on
interpretation. However, where characteristic functional groups
can be identified and a partial picture of the structure of the mol-
ecule can be built up there is potential, at the very least, to screen
for structural alerts for genotoxicity. For example, an indication of
the presence of a nitro group would be the loss of both 30 (-NO)
and 46 (-NO,) mass units.

An example of a peak for which the structure could only be par-
tially elucidated occurred in a food which was thermally aged to
study the stability of the food. An extract of the food was analysed
by GC-MS. Fig. Al presents the gas chromatogram of the aged (top
chromatogram) and of the fresh (lower chromatogram) food prod-
uct. A number of peaks were detected in the aged product, which
were not present in the fresh product. A standard NIST database
search linked these peaks to aliphatic acids, possible breakdown
products of triglycerides upon aging. However, three peaks were
detected (retention time 26.6, 26.9 and 28.6 min) that were identi-
fied by the NIST mass spectra database as hexadecanoic acid. Based
on the mass spectrum it was likely that the substances were ali-
phatic acids. However, it was not possible that each had the same
identity. The three peaks were therefore assumed to be aliphatic
acids with varying length of the aliphatic chain. Though it was
not of interest for this case to know exactly which aliphatic acids
were present in the food, analysis of a mixture of known aliphatic
acids would confirm their identity.

A.2. STEP 3: Excluding the ‘TTC excluded classes’ with specific screening
methods and targeted analysis

When the approaches outlined in steps 1 and 2 do not rule out
the presence of a ‘TTC excluded class’, targeted analysis for the ‘TTC
excluded classes’ becomes necessary. What is described below is
laborious. Depending on the number of screening methods needed,
one may consider whether identification of the unknown peak
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Fig. A1. GC-MS chromatogram of aged (top chromatogram) and fresh (lower chromatogram) food product.

would be a more efficient alternative. In the following subchapters
the specific analytical approaches analyse for the ‘TTC excluded
classes’ will be reviewed.

A.2.1. Aflatoxins

Aflatoxins can be isolated by immunoaffinity column (SPE) and
identified by HPLC-fluorescence after post-column derivatisation
(bromination), with limits of detection as low as 0.5 pg/kg). This
is the accepted standard approach for food analysis (ISO 16050,
2003; EN14123, 2007; EN12955, 1999; AOAC, 2008; Lerda, 2009).
Alternatively, HPLC-MS/MS methods using stable isotope dilution
analysis (Sulyok et al., 2007; Boonzaaijer et al., 2008) or rapid
screening immunoassays (ELISA) are available for these
compounds.

A.2.2. N-nitroso compounds

Levels of total N-nitroso substances in a sample can be screened
by monitoring the liberation of NO after suitable treatment (Pigna-
telli and Walters, 1996). N-nitrosamines are routinely analysed by
both LC (ISO 10130, 2009; ISO 15819, 2008) and GC methods
(Raoul et al., 1997), often using a Thermal Energy Analyser (TEA)
detector (Fine et al., 1975). The principle of the TEA detector is
the liberation of nitrogen oxide as a pyrolysis product but this
may not be appropriate for N-nitrosamides which do not yield
nitrogen oxide as their main pyrolysis product (Hansen et al.,
1979). Sensitive and selective methods for the determination of
N-nitrosamides are often based on measurement of their alkylation
potential (Mende et al., 1989). N-Nitrosamides are treated with al-
kali to give diazoalkanes which are then reacted with a suitable

scavenger, typically a species containing a nitrosamine group to
permit selective detection by GC-TEA.

A.2.3. Azoxy compounds

As discussed elsewhere in this paper, azoxy compounds find
their origin mainly in dedicated complex chemical synthesis and
it is very unlikely that azoxy substances are formed during food
production/processing. Therefore it is unlikely that targeted analy-
sis of azoxy compounds would be necessary. Due to the differing
properties of substances containing azoxy groups there is no gen-
eric method for their determination and identification as an azoxy
compound would require laborious comparison to relevant stan-
dards. Volatile azoxy compounds can be analysed by gas chroma-
tography and detected by a nitrogen/phosphor detector (NPD).
Most of the azoxy compounds will be non-volatile and detectable
by HPLC-MS methods using appropriate analytical standards for
quantification.

In general, azoxy compounds can be reduced to hydrazo com-
pounds. Consequently any azoxy compound will disappear in the
chromatogram after reduction (Wanga et al., 1999).

A.2.4. Steroids

The physical/chemical properties of steroids make them very
difficult to exclude analytically as a class of compounds and it
would be expected that analytical methodology would need to
be developed for each specific steroid or closely related group of
steroids. Typically, MS is the preferred detection technique but
UV detection is quite common too, typically at a wavelength of
around 240 nm. Fluorescence detection has also been used (e.g.
for estradiol). GC is frequently used for the analysis of steroids after
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derivatisation. Some steroids such as cholesterol do not contain OH
functional groups making it possible to analyse these steroids di-
rectly by GC (Alonso et al., 1995).

It might also be possible to screen for specific steroid classes
(i.e. those that act on the same receptor) by using reporter gene as-
says, analogous to those in use for detecting dioxins, such as the
DR-CALUX system. Indeed, such systems are already commercially
available for estrogens, ER-CALUX and androgens, AR-CALUX
(Sonneveld et al., 2005). A number of cell based systems have been
developed, often in research laboratories, with similar of even
greater sensitivity than the CALUX assays. However, many are
not as readily available. Whilst these reporter cell assays are very
sensitive, and their use in analysing food samples is envisaged
(e.g. Scippo et al., 2004b), few studies could be identified where
they have been used for that purpose.

A.2.5. Polyhalogenated dioxins/dibenzo furans and dioxin like
polyhalogenated biphenyls

In standard food analysis to meet regulatory requirements,
there is a need to detect dioxins in food at sub part per trillion lev-
els so analytical methodology typically involves solvent extraction
(e.g. soxhlet, accelerated solvent extraction) followed by multi-
stage clean-up (e.g. adsorption chromatography with modified sil-
ica, florisil, alumina and activated carbon). Measurement of dioxins
is usually carried out by gas chromatography coupled to a high res-
olution mass spectrometer (Smith et al., 1984) to achieve the re-
quired sensitivity. Detection is also possible using electron
capture detection (ECD) and even LC (Padrén Sanz et al., 2002) in
cases where higher quantities are present.

The presence of dioxins can be screened for using the dioxin
responsive chemical-activated luciferase gene expression (DR-
CALUX) bioassay (Scippo et al., 2004a). Extraction is as previously
described but further processing is reduced to a single stage silica
clean-up.

A.2.6. Proteins

Usually proteins are determined by methods such sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Here
the proteins are denatured and separated in an electrical field by
molecular size. Consequently information about the molecular size
but not on tertiary structure and functionality is obtained.

Typically, HPLC analysis of undigested protein will give a char-
acteristic chromatogram with separate, but often unresolved,
peaks for each chain length. Where LC-MS is used, multiple charge
states would be detected. It is important to note that analysis of
proteins normally requires LC-MS conditions different from those
used for small molecules. Therefore, it is very unlikely that an ‘un-
known peak’ detected by LC-MS would be a protein if the instru-
mentation were not tuned for the analysis of proteins in the first
place.

A.2.7. Non-essential metals

Following acid digestion, atomic absorption spectroscopy and
particularly high resolution ICP-MS can be used to detect/quantify
non-essential metals in samples (Ammann, 2007). This approach
does not distinguish between inorganic or organometallic sources
of the metal. Both gas chromatography (GC) (Diez and Bayona,
2008) and liquid chromatography (LC) (Gonzalez-Toledo et al.,
2003) methods exist to detect specific organometallic substances
that are known to occur in foods.

A.2.8. High molecular weight substances such as polymers

Polymers are separated from lower molecular weight species by
size exclusion chromatography, either as a preparation technique
or as the analytical separation. They can be detected by HPLC using
MS, light scattering or refractive index detection in the main,

although certain polymers may have properties which allow detec-
tion by UV or fluorescence detectors. Like proteins, polymers typi-
cally exist as a range of different chain lengths and are likely to give
a characteristic chromatogram consisting of a separate peak for
each chain length present. Mass spectrometry can confirm the
mass range of the polymers detected.

A.3. STEP 5: Quantification of unknowns

Once an unidentified peak has been shown not to be part of a
‘TTC excluded class’, it must be quantified in order for the TTC to
be applied. The following provides some guidance on analytical ap-
proaches to “quantifying” unknowns. The accuracy of the quantifi-
cation of unknowns will be lower than that of targeted methods
where standards are available to evaluate method performance.
As for other toxicological risk assessment methods, the application
of the TTC thresholds does not require high accuracy in the quan-
titation of the substance, as the applied extrapolation and assess-
ment factors as well as exposure estimates rather represent
orders of magnitude than highly accurate determinations.

A.3.1. Extraction and clean-up

When an unknown peak is detected using a method specifically
designed to measure a different chemical entity it is important to
consider whether the analytical method used could have resulted
in losses of the unknown peak.

Theoretically it is possible that a substance contained in a
sample at high concentration is only detected as a small peak,
because the clean-up method was not ideal and led to losses.
This possibility has to be considered when dealing with an un-
known. Typically the parts of the method where losses can occur
are as follows:

(1) Extraction: Is the solvent system used likely to favour partic-
ular analytes? For example, the most non-polar analytes
would be extracted in hexane whereas more polar analytes
are not. Other considerations would be the pH of any buffers
used, dispersive sorbents added, etc.

(2) Liquid/liquid partition: As with extraction, care must be taken
that any liquid/liquid partitions in the clean up are not sig-
nificantly reducing recovery of the unknown peak. Solid
Phase Extraction: If sorbents are used that favour specific
interactions or where mixed mode sorbents are used with
selective rinses these should be considered in terms of
losses.

(3) Evaporative losses: Very volatile compounds may evaporate
under normal sample handling, if at any stage of the analyt-
ical method solvents are removed by evaporation, poten-
tially a proportion of the unknown peak can be lost too.

(4) Adsorption: Losses by sticking to surfaces such as glass may
occur.

A starting point for any improved method should be the method
by which the presence of the unknown peak was detected. Ideally,
the analytical method used to quantify unknown peaks should be
as general as possible along the following lines:

(1) Extraction solvents should be of mixed polarity, extracting
the same sample with several different solvent systems if
necessary. Extraction should be exhaustive so that further
extraction of the sample gives no significant increase in
measured concentration of the unknown peak.

(2) Clean-up should be minimal and broadly non-selective (for
example gel permeation chromatography, GPC) without
compromising chromatography and detection. Some infor-
mation on the nature of the unknown peak may be derived
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from the chromatographic method by which it was
originally detected and this would allow a targeted clean-
up to be developed. Conditions should be used to maximise
recovery (for example, careful consideration of the composi-
tion of SPE wash solvents).

(3) Any evaporative steps should be carried out carefully using
gentle evaporation and a keeper (a compatible liquid of high
boiling point) if very low volume is required. For volatile
substances consideration should be given to specific meth-
ods such as headspace-GC or steam distillation in a closed
system.

(4) Vessels used in the analysis should be carefully rinsed to
minimise adsorptive losses. After any evaporative steps the
walls of the vessel used should be rinsed carefully.

A.3.2. Redevelopment of a method for chromatography

If the original method by which the unknown peak was de-
tected was not a chromatographic method (IR spectroscopy for
example) then a non-selective approach should be taken to “find”
the unknown peak by GC or HPLC prior to further refinement of the
method. This will most likely involve analysis by a general method
as described above with analysis of a sample where no unknown
peak was detected to serve as a control.

A.3.3. Detection and quantification

Many analytical detectors show great variation in response be-
tween different substances. There are very few detectors available
that would allow a compound of unknown chemistry to be quan-
tified reliably without further consideration. As discussed earlier
in this Appendix A, the choice is limited to mass spectrometry
and flame ionisation detection for gas chromatography and corona
CAD and NQAD detection for HPLC.

A.3.4. Quantification of unknown peaks

In typical analysis of trace contaminants, quantification relies
almost entirely on response calibration of the instrument with an
analytical standard of the target compound. With unknown sub-
stances this is not possible. However, if a range of substances of
different physico-chemical characteristics can be shown to give a
similar detector response, it would be reasonable to use a repre-
sentative response of these substances to calibrate instrument re-
sponse for an unknown.

The range of standards to be chosen would depend on what is
known of the unknown peak. When very little is known of the
chemistry of the unknown the range of standards incorporated into
the method should be extensive, maybe up to 20 different sub-
stances. The substances should cover a wide range of properties
such as polarity and pK;, and include a range of functional groups
(i.e. amines, alcohols, acids, etc.) whilst also being suitable for
detection by the analytical method (e.g. avoid non-volatile sub-
stances for GC methods). This is to ensure that the method does
not select against a particular chemical property.

In some cases, something will be known about the properties of
the target substance, either from the method of analysis or due to
similarities in properties with other known substances. When this
is the case, 3-5 appropriate substances may be sufficient for cali-
bration. The chosen standards should be proven to give good
recovery through the analytical method.

Standards should be added at the very beginning of analysis to
correct for losses through the method. The level at which they are
added should be at or close to the concentration which for a partic-
ular foodstuff would equate to exposure at the TTC level of concern
for the unknown.

Where the response of the standards added is largely equivalent
(RSD < 30%), the mean response should be used for calibration. For

larger variations in response the standard giving the lowest re-
sponse should be used for calibration.
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