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Threshold of Toxicological Concern (TTC) decision-support methods present a pragmatic approach to using data from well-
characterized chemicals and protective estimates of exposure in a stepwise fashion to inform decisions regarding low-level
exposures to chemicals for which few data exist. It is based on structural and functional categorizations of chemicals derived
from decades of animal testing with a wide variety of chemicals. Expertise is required to use the TTC methods, and there
are situations in which its use is clearly inappropriate or not currently supported. To facilitate proper use of the TTC, this
paper describes issues to be considered by risk managers when faced with the situation of an unexpected substance in food.
Case studies are provided to illustrate the implementation of these considerations, demonstrating the steps taken in deciding
whether it would be appropriate to apply the TTC approach in each case. By appropriately applying the methods, employing
the appropriate scientific expertise, and combining use with the conservative assumptions embedded within the derivation
of the thresholds, the TTC can realize its potential to protect public health and to contribute to efficient use of resources in
food safety risk management.
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INTRODUCTION

The Threshold of Toxicological Concern (TTC) describes a
level of exposure to a defined grouping of classes of chemicals
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that is likely to be without harm, such that chronic exposures be-
low the threshold can be assumed to be without appreciable risk
over a lifetime. The concept of a threshold of exposure below
which the risk to health is of limited concern is increasingly im-
portant given the ongoing advances in analytical chemistry that
result in progressively lower detection limits. With lower limits,
the number of different substances that can be detected increases
(De Vries, 2006), leading to the discovery in food of small quan-
tities of environmental contaminants, pesticide residues, natural
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toxins, packaging migrants, processing-induced chemicals (e.g.,
Maillard reaction products), and inadvertent contamination from
processing equipment (Institute of Food Technologists, 2009).

Proper application of the TTC approach benefits regulators,
producers, and consumers, as it allows resources to be dedi-
cated to substances posing a greater threat to human health. The
TTC is a tool that supports resource-efficient safety assessment
of chemical contaminants. The upper bound risk nature of its
derivation and proper application by experts can promote the
protection of public health. Note that the term upper bound risk
is used here to refer to calculations, scientific assumptions, and
estimates that tend to overestimate the risks to public health
through assumptions of greater toxicity and higher estimates of
consumer exposure.

In a recent opinion on the method, the European Food Safety
Authority (EFSA) supported the use of the TTC approach for
low-level exposures to impurities and their breakdown and re-
action products in food additives, substances in food contact
materials and their breakdown and reaction products, metabo-
lites and degradation and reaction products of pesticide active
substances, and trace contaminants in food (EFSA, 2012). This
use is supported provided that the context is given careful con-
sideration and that the exposure estimate is also conservative.
The opinion also notes that it is not appropriate for situations re-
quiring data to be submitted under European Union regulations
(EFSA, 2012).

EFSA and the Joint Expert Committee on Food Additives
(JECFA) of the World Health Organization and the Food and
Agriculture Organization of the United Nations currently use
the TTC concept to evaluate flavor additives. In this context, the
TTC has facilitated the safety assessment of over 1200 flavor-
ing agents (Renwick, 2004). In the United States, the legality
of the TTC concept has been demonstrated by reference to the
Federal Food, Drug, and Cosmetic Act as well as principles
of statutory construction and case law (Hahn, 2010). A similar
approach was applied to develop the Threshold of Regulation
(TOR) used by the U.S. Food and Drug Administration (U.S.
FDA) to evaluate potential exposures arising from the migration
of noncarcinogenic chemicals into food from food contact ma-
terials (U.S. FDA, 2010a). The U.S. Environmental Protection
Agency (1999) has also employed a similar approach to re-
duce the number of pesticides for which tolerances (maximum
residue levels) must be established, stating that a tolerance need
not be devised for a pesticide with no detectable residues and
for which the “estimated potential risks of any theoretically pos-
sible residues in food is not a concern.” In each of these uses
of a TTC approach in regulatory risk management, knowledge
of worst-case risk from many chemicals provides a protective
scientific basis for determining where to focus resources in situ-
ations in which very low levels of exposure to similar chemicals
may occur.

The implementation of the TTC concept by some regulatory
bodies and the apparent simplicity of the tiers and thresholds
of the approach make it an attractive tool and vulnerable to
potential misuse. The discussion presented herein is designed to

help the risk manager determine whether the TTC approach is
appropriate in a given situation. Because the TTC concept itself
has been referred to as a “screening” method to prioritize toxicity
testing and risk management measures (Felter et al., 2009),
this paper outlines a prescreening process to be undertaken in
response to the detection of an unexpected chemical in a food
product, which will indicate whether the TTC approach may be
appropriate.

To provide an understanding of the theory underlying the
concept and the reason for current exclusions for its use for cer-
tain chemical groups, this paper begins with a summary of the
scientific basis of the TTC. These excluded groups are described
in more detail, along with other criteria that may render the TTC
approach inappropriate. The issues involved in determining the
applicability of the TTC approach for a contamination event
are then described in stepwise fashion, and the information re-
quired for the approach is briefly discussed. Six case studies are
introduced in which the steps are demonstrated in hypothetical
situations. The scope of the discussion is limited to the decision
on the applicability of the approach. This paper will not provide
a specific TTC approach for any particular occurrence of a class
of chemical or unknown analytical result in foods. For such ap-
proaches, the reader is referred to other more detailed analyses
such as those by Felter et al. (2009), Koster et al. (2011), and
Kroes et al. (2004).

SCIENTIFIC BASIS OF THE TTC

Continuous improvements in the analytic sensitivity of de-
tection have begun to reveal the complex, low-concentration
chemical composition of many common foods and processed
products. For example, marigold (Calendula officinalis) extract
has been found to contain >150 named chemicals (Re et al.,
2009), many of which are likely to be toxic if ingested in suffi-
cient quantity. This substantial increase in the number of targets
for safety assessment makes full dataset evaluations an unten-
able proposition from an animal testing perspective as well as
from simple consideration of resources and timeliness.

In response to challenges and confusion related to regula-
tory oversight created by lists of permitted substances, Frawley
(1967) proposed the existence of a general threshold of exposure
to food packaging materials below which no or only negligible
harm might be expected. The general principle of the proposed
approach is sometimes referred to as the de minimis concept.
The term refers to a level of risk that is so small that it does
not warrant further evaluation (Peterson, 2002). Frawley (1967)
estimated that de minimis risk for nonpesticide and nonheavy
metal compounds would occur at 0.1 ppm (equivalent to ap-
proximately 150 μg/d), based on the distribution of no-effect
levels for 220 two-year toxicity studies and the application of
a 100-fold safety factor. Similarly, Rulis (1986) initially esti-
mated a de minimis risk of 0.15 μg/d based on a toxicity dataset
of oral carcinogens. After further refinements (Munro, 1990;
Gold et al., 1995), the U.S. FDA implemented the TOR at 0.5
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ppb in food (U.S. FDA, 1995). The TOR corresponds to an in-
take of 1.5 μg/d. In addition to consideration of carcinogenicity
chemical structural alerts, genotoxicity, and other required in-
formation, the TOR is deemed by the agency to be the level
below which a contaminant in food would not be expected to
have an appreciable adverse effect. The TOR is applied to food
contact substances, in that a well-described substance in pack-
aging or other food contact materials that is demonstrated to
not migrate to food at levels >0.5 ppb is not subject to further
toxicity data requirements as a food additive by the U.S. FDA
(Shanklin, 2009). The substance is still considered to meet the
regulatory and legal definition of the “reasonable certainty of
no harm” statutory standard.

The fields of structure-activity relationships (SAR) and quan-
titative SAR (QSAR) overlap conceptually with TTC, and in fact
are used within implementation of TTC approaches to allow re-
finement of the coverage of a particular TTC value to a defined
class of chemicals. These SAR and QSAR exploit the tendency
for chemicals in the same structural category to exhibit simi-
larities with respect to physicochemical properties and human
health, ecotoxicology, or environmental fate (Organization for
Economic Cooperation and Development, 2011). Cramer et al.
(1978) made considerable progress on this front by devising a
classification scheme to group compounds into classes associ-
ated with potential toxicity based on chemical structure. Munro
et al. (1996) applied the Cramer classification to a database of
611 organic chemicals from a wide range of applications, for
which oral subchronic or chronic toxicity data existed for non-
cancer endpoints. This dataset has been subsequently quality
reviewed (EFSA, 2012) and further evaluated through com-
parison with more recent datasets (Fraunhofer, N.D.). Munro
et al. (1996) first estimated an intake level within each Cramer
class by estimating the fifth percentile of the distribution of no-
observed-effect levels (NOEL) in each class. They then divided
the fifth percentiles by 100 to account for species differences
and susceptible human populations, as is done for typical ac-
ceptable daily intake assessment for food additives, to derive a
TTC value for each of the three Cramer classes. Munro et al.
(1996) proposed that if exposures were below this level, the sub-
stance could be evaluated using fewer toxicological testing data
because the most toxic fifth percentile of other similar chemi-
cals did not show health effects at exposures 100-fold higher.
A selection of TTC values derived in this manner is shown in
Table 1. The combination of the selection of the fifth percentile
no-observed-effect level and the use of conventional safety as-
sessment factors provides the basis for considering the exposure
threshold to be conservative (health protective).

The resulting threshold values can be applicable using expert
judgment to very low-level chronic oral exposures to defined
chemicals (considering defined exclusions) with only a mini-
mal data requirement and consequently minimal animal testing.
According to Munro et al. (1996), these TTC values explic-
itly do not apply to the following groups: proteins, heavy met-
als, steroids, polyhalogenated dibenzo-p-dioxins and polyhalo-
genated dibenzofurans, and very high potency carcinogens such

Table 1 A selection of TTC values proposed in the scientific literature

Threshold value∗

Chemical class μg/d μg/kg body wt per d

Various excluded substances†
Cramer class I 1800 30
Cramer class II 540 9
Cramer class III 90‡ 1.5
Organophosphates 18 0.3
Nongenotoxic compounds 1.5 0.025
Genotoxic compounds 0.15 0.0025

Data are adapted from Kroes et al. (2004) and Felter et al. (2009).
∗For oral exposure, based on a body weight of 60 kg.
†Various excluded substances are discussed in the text as well as in Table 3.
‡From Munro et al. (2008).

as azoxy- and N-nitroso-compounds and aflatoxin-like com-
pounds. In most cases, these groups are excluded because they
were not adequately represented in the original database on
which the TTC values are based. To note, this list is not exhaus-
tive and as databases are continually refined and new categories
of chemicals or exposures are defined, additional thresholds may
be derived (Van Ravenzwaay et al., 2011).

CONDITIONS NOT APPROPRIATE
FOR THE TTC APPROACH

There are several groups of chemicals, defined by their struc-
ture or other specific data that are currently excluded from
the TTC approach. However, this is not to say that the ap-
proach is appropriate in all other cases. The following situa-
tions represent conditions that disqualify a situation from being
properly evaluated using the TTC concept, as summarized in
Figure 1.

Figure 1 Summary of the three main conditions indicating that the TTC
approach is inappropriate to the situation.
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The Contamination Event Was Avoidable Under Good
Manufacturing Practices or an Appropriate Hazard Analysis
and Critical Control Point (HACCP) Plan

Good manufacturing practices (GMP) describe procedures
and conditions established in a food processing or storage facil-
ity that generally promote hygiene within the facility and pro-
cessing line, such as regular hand washing, adequate ventilation,
and maintenance of appropriate temperatures for food storage.
They are a component of “prerequisite programs,” which must
be in place before an effective Hazard Analysis and Critical
Control Point (HACCP) plan is designed. An HACCP plan is
a more tailored risk management plan that is designed and im-
plemented by the manufacturer to control specific hazards that
can be reasonably foreseen to pose a threat in that particular
operation. GMP and HACCP plans are critical programs for the
production of safe foods.

In the event of contamination of a food product, it is important
to determine whether the contamination should have been pre-
vented by effective GMP or HACCP procedures (i.e., whether
it was reasonably foreseeable). Shortcomings in implementa-
tion or enforcement of food safety measures must be addressed
within the best practice, guidance, or regulations for those mea-
sures. Such shortcomings render the use of the TTC approach
invalid because it is not intended or designed to address con-
tamination that results from the absence of appropriate control
measures or from failure to enforce existing standards. For ex-
ample, if the occurrence of a contaminant was foreseen in the
HACCP plan for a food production process, then failures result-
ing in that contaminant’s appearance in a food product should
be appropriately addressed as specified by that HACCP plan
and appropriately addressed (i.e., a failure cannot be allowed to
continue because of a control measure not in the HACCP plan).
Similarly, if a contamination is a result of a failure of GMP,
then the failure must be corrected (i.e., the GMP failure cannot
continue because the TTC was not exceeded). The TTC is a risk
prioritization tool that must be reserved for those situations in
which trace levels of a chemical occur in spite of adherence to
GMP and applicable HACCP plans.

This point is consistent with the U.S. FDA (2012) position
on unavoidable contaminants in food as defined in Part 109 of
Section 21 of the Code of Federal Regulations, which states
that a tolerance (sufficient for the protection of public health)
for a poisonous or deleterious substance may be established if
the substance cannot be avoided by GMP, and if no improve-
ments are anticipated in the near future that will affect this.
However, such tolerance is not relevant for cases in which the
contamination is avoidable.

The Chemical is a Member of an Excluded Group

Based on the current databases and evaluations supporting
TTC, several classes of chemicals have been deemed inappro-
priate for the use of the TTC. These classes and the reasons

Table 2 Classes of chemicals to which the TTC approach does not apply,
and reasons for exclusion

Excluded class Reason(s) for exclusion

Aflatoxin-like compounds, N-nitroso
compounds, Azoxy compounds

Highly potent genotoxic
carcinogens

Steroids Evidence for very high potency
(by a nongenotoxic
mechanism)

Polyhalogenated dioxins/dibenzo
furans and dioxin-like
polyhalogenated biphenyls

Wide species differences in
biopersistence; toxicity data are
available for some

Proteins Not included in training
databases; often associated
with allergenic reactions

Metals Not included in training
databases; some show
bioaccumulation potential;
half-lives vary widely across
species

Inorganic substances, high molecular
weight substances (e.g.,
polymers), and other substances
not in the training databases (e.g.,
nanomaterials and radioactives)

Not included in training databases

Based on Koster et al. (2011) and EFSA (2012).

for their exclusion are described below and summarized in
Table 2.

High-Potency Carcinogens

A dataset of carcinogens based on the Gold Carcinogenic
Potency Database was analyzed to find the proportion of chem-
icals in different structural groups that would yield an estimated
lifetime risk >10−6 (one in a million) at a range of intake levels
(Kroes et al., 2004). From this analysis, aflatoxin-like chemi-
cals, azoxy compounds, and N-nitroso compounds were found
to be the most potent of the groups studied, with a high propor-
tion of members estimated to present an unacceptably high risk
even with a daily intake of 0.15 μg. For this reason, these three
groups of chemicals are excluded from the TTCs proposed in
that paper, including the lowest TTC that was designed to apply
to genotoxic carcinogens. Steroid hormones are also judged to
be potent carcinogens as a class, although nongenotoxic, and
are similarly excluded (Koster et al., 2011).

Certain Substances That Bioaccumulate

Kroes et al. (2004) excluded certain substances on the basis of
their ability to accumulate in the body because this makes the de-
termination of a safe chronic daily intake particularly problem-
atic. These substances include the polyhalogenated dibenzo-p-
dioxins, polyhalogenated dibenzofurans, and polyhalogenated
biphenyls, as well as some metals such as cadmium and lead.

Substances Not Adequately Represented in Training Databases

Several classes of substances were not represented in the orig-
inal databases (Cramer et al., 1978; Gold et al., 1995; Munro
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et al., 1996; Cheeseman et al., 1999), including inorganic chem-
icals, metals, proteins, polymers, and unique structures. Pro-
teins are also excluded by virtue of their potential allergenicity,
an endpoint that is not considered in the derivation of current
thresholds (EFSA, 2012). Thresholds derived from the original
datasets cannot be assumed to apply to chemicals in classes that
were not part of these datasets.

The Chemical is Well Characterized With Respect to Toxicity

The existence of toxicity data in sufficient quantity to permit
a chemical-specific safety assessment suggests the need to use
such data rather than apply a generic threshold such as the TTC.
In some cases, this will already have been done, as evidenced by
a maximum level, maximum residue level, acceptable or toler-
able daily intake, or similar values derived by various scientific
institutions and regulatory authorities at regional, national, or
international levels. The existence of chemical-specific author-
itative risk assessments overrides the application of the TTC.
Note that development of such chemical-specific assessments
is expected to generally result in higher (less restrictive) risk
management decision values due to the multiple health protec-
tive assumptions in the derivation and use of the TTC decision
approach when properly applied by experts. Specifically, the
TTC decision approach uses no observed adverse effect levels

(NOAELs) of the most toxic examples of well-studied chemicals
structurally similar to the substance, safety adjustment factors
(100-fold in the case of the 1996 TTC values by Munro et al.)
to arrive at a “generic ADI” for the class of chemicals, expert
evaluation of occurrence of well-known chemical-structure trig-
gers for toxicity, and protective exposure estimates (e.g., Munro
et al., 1996; Kroes et al., 2004; Felter et al., 2009; EFSA, 2012).

STEPWISE DETERMINATION OF APPROPRIATENESS
OF THE TTC APPROACH

The following is intended to be applied by a person respon-
sible for food safety evaluations in situations in which it is
possible to encounter unexpected detections of chemicals that
do not have full toxicity datasets. Such situations may arise in
public health agencies monitoring the food supply or at a com-
mercial food processing facility. Assuming that product testing
has revealed the presence of an unexpected substance in the
food, a number of determinations (Fig. 2) made in the course
of an investigation will inform the decision as to whether it is
appropriate to have a toxicologist evaluate the contamination
using the TTC approach. The steps are presented in sequence
for clarity only, and with the exception of the investigation of
cause, the order of their performance is not important.

Figure 2 Actions and decisions for evaluating the applicability of the TTC in response to detection of a low-level contaminant in food.
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Investigate and Manage the Incident

Among the first steps is to investigate the nature of the unex-
pected substance. In most cases in which chemical composition
and structure data are available for the substance through stan-
dard chemical analysis methods, the identification of the mate-
rial can be supplemented with online tools (e.g., ChemIDplus,
http://sis.nlm.nih.gov/chemical.html). This information may be
needed to determine whether sufficient data exist to enter into
a particular expert-based TTC evaluation approach for the sub-
stance.

Investigate the Cause of the Incident

An investigation into the cause of the contamination should
be initiated on first detecting the unexpected substance, and may
be done concurrently with the remaining steps. Determination
of the cause may be easier if the chemical can first be identified
because the identity can provide indication as to the time and
location of the contamination (Table 3).

After the cause has been determined, the avoidability of the
contamination event needs to be considered. The composition of
some natural ingredients (including toxins) can vary with geno-
typic and phenotypic variation, geographic origin, weather, har-
vesting practices, and processing conditions (Betz et al., 2011),
and may occur in food independently of manufacturing prac-
tices. In contrast, contamination incidents resulting from avoid-
able error that could reasonably have been predicted, are within
the scope of risk management measures embodied in the cur-
rent GMP of the U.S. FDA (2010b) or analogous HACCP plans
or programs, such as Australian food safety standards of Food
Standards Australia New Zealand (2011).

When a chemical occurrence in a food product results from
an unanticipated event that is not covered by GMP or recognized
within a HACCP plan, the evaluation of potential risk associated
with the chemical may be suited for the TTC approach. The key
criterion in this case is that the TTC is not being used in lieu
of the implementation of GMPs or of a comprehensive HACCP
plan; it can be considered only after confirming that all relevant
food safety measures are fully implemented in the processing
chain and the facility at large. Furthermore, once detected, the
occurrence of the chemical must be addressed through corrective
actions.

Rule Out Excluded Groups

In this step, the determination must be made as to whether
the chemical in question is a member of the excluded groups as
described above (Table 2). If the chemical is a member of an
excluded group, then the TTC does not apply. To note, maximum
tolerable levels have already been set for many chemicals in the
excluded groups.

In some cases, the identification of the chemical structure
of the unexpected substance is not possible. As such, the TTC
approach may still be appropriate if properties such as boil-
ing point, water solubility, the octanol-water coefficient log P,
Henry’s Law constant, atmospheric OH rate constant, pKa dis-
sociation constant, and vapor pressure are available as long as
the substance can be shown not to belong to one of the TTC
excluded groups (Table 2) (see Koster et al. (2011) for a de-
tailed description of the potential application of the TTC to
unidentified substances).

Determine the Availability of Guidance or Toxicity Data

The TTC approach fills a particular niche in the field of
chemical risk assessment in which the available toxicity data are
too few to perform a formal safety or risk assessment. Where
official guidance has been elaborated, this should be followed.
Otherwise, a determination needs to be made regarding whether
existing toxicity data are sufficient to support a risk or safety
assessment.

If the unknown contaminant has been identified, any ex-
isting national or international regulatory guidelines must be
sought. The international standard, which is compatible with
the Sanitary and Phytosanitary (SPS) Agreement of the World
Trade Organization, is promulgated by the Codex Alimentarius
Commission (Codex). The General Standard for Contaminants
and Toxins in Food and Feed (Codex Standard 1993–1995) lists
maximum levels for contaminants posing a potential health risk,
such as mycotoxins, heavy metals, pesticides, veterinary drug
residues, and others, in specific food products (Codex, 2012a,b).

For products intended for distribution in particular coun-
tries, regional, national, or subnational guidelines may apply
that are not consistent with a Codex standard. Such guide-
lines take precedence over a TTC approach. If in doubt, reg-
ulatory agencies often are repositories for such information. For

Table 3 Categories of chemicals found unexpectedly in food

Categories of chemicals found unexpectedly in food Examples Time of contamination

Environmental contaminants Heavy metals, dioxins, brominated
flame retardants

Production of raw materials

Natural toxins Mycotoxins, paralytic shellfish
toxins, cyanogenic glycosides

Production of raw materials, storage

Food processing–induced chemicals Acrylamide, furan, nitrosamines Production of raw materials
Agricultural chemical residue DDT, dichlorvos, ciprofloxacin

Adapted from Shanklin (2009).
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example, the Chemical Safety Division of the U.K. Food Stan-
dards Agency (2008) will provide advice as to the existence
of relevant guidance values in the event of an incident in that
country.

Flavorings are distinct from food additives under European
Union regulations. In the European Union, the requirement to
submit toxicity data for technically active substances in pesti-
cides, additives in foods and feeds, and nutrient sources means
that the TTC will not be applicable in these situations; however,
it may apply to contaminants or breakdown products in these
products (EFSA, 2012).

Determine Data Sufficiency for Formal Safety Assessment

In the event that no official guidance yet exists for the chemi-
cal, data from toxicology studies should be sought and evaluated
as to their ability to support a formal safety assessment. Data on
structurally related compounds may also be considered if they
are sufficiently similar to the contaminant being assessed. Var-
ious online databases act as repositories of toxicology data for
many potential contaminants (e.g., ToxNet.nlm.nih.gov). The
risk manager should consult these to gain a general idea of the
quantity of information available. It will ultimately be the re-
sponsibility of scientific specialists—such as experts in chemi-
cal SAR, exposure assessment, toxicology, epidemiology, or risk
assessment—to determine whether there are data of sufficient
quality to develop a defensible chemical-specific assessment of
safety.

ELEMENTS OF A TTC-BASED APPRAISAL
BY AN EXPERT

If none of the disqualifying conditions described above ap-
plies, qualified experts should be employed to implement the
TTC approach by following the particular decision tree of the
TTC approach they have chosen and choosing the correct thresh-
old value to be applied (e.g., see Kroes et al., 2004; Felter et al.,
2009). Specialist expertise is also required in the derivation of
an appropriately constructed and sufficiently conservative ex-
posure estimate.

Exposure Estimation and Comparison of Exposure
to the Appropriate Threshold

Human dietary exposure to food chemicals is a function of
both the concentration of the chemical per unit of food and the
consumption pattern of that food among the population. For the
chronic exposures for which the TTC approach was developed,
the primary consideration is the average daily intake of the food
per individual consumer (rather than the magnitude of any one-
time intake). When the affected food is a commodity or other
form of ingredient rather than an individual product, the total
intake across all downstream uses of the commodity is relevant.

To confer protection on the majority of the population of
consumers, the intake at a high percentile of the distribution
across consumers should be used to calculate exposure. The
average daily consumption of the food in kilograms is multiplied
by the concentration of the chemical in the food to obtain the
daily intake. This can be compared with a TTC value expressed
in micrograms per day or in micrograms per kilogram of body
weight per day.

Possible Refinements

Given that the TTC values, excluded categories, and expo-
sure estimates used in TTC decision frameworks incorporate
protective or upper bound risk assumptions, exceeding a thresh-
old value does not necessarily imply a risk to health. If this result
is obtained, there may be justification in considering mitigating
factors such as negative mutagenicity data or short-term expo-
sure (Felter et al., 2009; European Medicines Agency, 2010). In
addition, the exposure estimate can be refined. If the initial ex-
posure estimate was based on very conservative approximations
in the absence of information, more accurate data can be sought
that may demonstrate that a more refined exposure estimate (yet
still applying the same high percentile of the consuming popu-
lation’s intake distribution) falls below the relevant threshold.

These and other science-based decisions will be made by ap-
propriate experts in toxicology and exposure assessment specific
to the conditions being considered. The result will be a decision
given the stated assumptions about sampling reliability, analytic
sensitivity, and exposure, showing that either the presence of the
chemical is unlikely to result in appreciable risk of harm under
the anticipated conditions or that there is insufficient confidence
that the foregoing is true. This analysis will then be relayed to
the risk manager, who then decides whether to accept or reject
the product or to consider acquiring more information to assist
with the decision.

It is critically important that the TTC not be misapplied. It
must not be used as a rationale for neglecting to address and
correct potential sources of chemical risks in products. In every
case, the transparency of assumptions, calculations, and data
sources should be documented and retained as a matter of good
scientific practice and for legal and regulatory purposes.

CASE STUDIES: EXAMPLES USING
THE DECISION CRITERIA

The TTC is designed for application to low-level exposures
to chemicals; thus, simple understanding of the concentration
in food is the first level of consideration of whether the TTC
approach will be useful. For example, the TTC threshold value in
Table 1 of 90 μg/d for Cramer class III corresponds to a chemical
concentration of 60 ppb (or 60 μg/kg) in food assuming that
1.5 kg of food is consumed at that concentration in a day. By
the same argument, the TTC for Cramer class I is associated
with a level in food of 1.2 ppm. Levels below these values,
when considered in conjunction with accurate exposure data,
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are likely to be in the range in which the TTC is a practical
approach. The case studies below address a series of situations
of such low-level exposures that demonstrate determinations as
to the applicability of the TTC approach.

Pesticide Residue

A lot of coffee beans arriving at the processing facility was
found to contain permethrin at a level of 60–80 ppb. Perme-
thrin is a synthetic pesticide derived from a pyrethrin found in
chrysanthemum flowers, and is used to control thrips, aphids,
and other insect pests.

Records from the grower indicated that an acceptable spray
schedule had been followed, including an appropriate days-to-
harvest interval, and the unexpected detection of permethrin
was not the result of a GMP violation nor of a violation of good
agricultural practice or of noncompliance with a HACCP plan.
Permethrin is not a member of the excluded groups; however,
Codex (2012b) has established a maximum residue level for
this pesticide. Given the availability of official guidance, the
application of the TTC approach is inappropriate.

Environmental Containment

A test of a sample of frozen mixed seafood revealed the
presence of decabromodiphenyl ether (decaBDE) at a level of
0.5 ppb. Further testing indicated that the contamination was
associated with catfish that comprised 20% of the mixture.

This compound is a congener of the class of polybrominated
diphenyl ethers (PBDEs). PBDEs were developed for use as
flame retardants and originally considered immobile in the prod-
ucts in which they were used. However, as analytical detection
methods improved, it was recognized that they have migrated
to the environment and bioaccumulated in food chains (Alcock
and Busby, 2006). Increasing levels have been found in human
tissues, causing concern due to an association with endocrine
disruption, reproductive toxicity, and cancer (Schecter et al.,
2004).

The chemical is an environmental contaminant and its pres-
ence was not due to a gross GMP violation. Testing of fish at
the site of production (an aquaculture operation) had been per-
formed as per the HACCP plan; however, it did not show con-
tamination at that time, nor did the land use of the surrounding
area indicate potential for contamination. However, the poten-
tial of decaBDE to bioaccumulate means that it is classed within
the excluded groups and thus is not an appropriate candidate for
the TTC approach.

Mycotoxin Formation

A lot of coffee beans was found to contain ochratoxin A at
a level of 60–80 ppb, just prior to roasting. Ochratoxin A is
a mycotoxin produced by common fungal species within the

Penicillium and Aspergillus genera, and is found most often
in cereals such as wheat and oats but may also be detected in
coffee and wine. The main effect of ochratoxin A in humans is
kidney toxicity (JECFA, 2007) and it has been classified as a
probable human carcinogen (International Agency for Research
on Cancer, 2002).

In investigating the cause of the detection, it was found that
the beans obtained from the grower had been stored in a poorly
ventilated room, causing increased mycotoxin formation and
constituting a deviation from the applicable HACCP plan. On
this basis alone, the application of the TTC cannot be con-
sidered. This case is also subject to disqualification from the
TTC approach based on the existence of a provisional tolerable
weekly intake for ochratoxin A (JECFA, 2007).

Volatile Fungal Metabolite

A musty smell associated with a lot of dry soup mix was
traced to dried mushrooms from an external source that, on
testing, were found to be contaminated with tribromoanisole at
a level of 20 ppt, resulting in a level of 2 ppt in the soup mix.

Tribromoanisole is a fungal metabolite of 2,4,6-
tribromophenol that is used as a pesticide and flame retardant in
wooden pallets. This highly volatile chemical can contaminate
products stored on such pallets, and can cause a musty taint
detectable by humans at a level of 2 ppt in food and 0.02 ppt in
water (Whitfield et al., 1987).

The contamination could not have been anticipated and did
not result from a failure of GMP or a deviation from an HACCP
plan. The chemical is not a member of an excluded group, and
no official guidance was found for the substance, although a
review of toxicity data was recently published (Koschier et al.,
2011), which should be evaluated by a toxicologist. Thus, the
contamination falls within the scope of the application of TTC
decision support.

Contamination by a Lubricant

A leak resulted in the detection in a confectionery product
(“gummi” candies) of a lubricant approved for incidental food
contact. Of all of the components of the lubricant, one substance,
alkylated diphenylamine, was judged to be of possible concern.
As a result of the leak, 500 kg of candy contained alkylated
diphenylamines at a concentration of 40 ppb.

Lubricants are composed mainly of base oil such as mineral
oil augmented with thickening agents and smaller quantities of
additives such as antioxidants and corrosion inhibitors. Alky-
lated diphenylamine functions as an antioxidant in lubricants
approved for uses in which contact with food is not ruled out.

The equipment failure resulting in the release could not have
been anticipated in the context of an HACCP plan and was not af-
fected by GMP. The alkylated diphenylamines are not members
of any excluded groups, and few toxicology data are available.
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This situation may be a good candidate for the application of
the TTC approach.

Unidentified Chemical Formed During Processing

An unexpected peak was detected in the chromatograph of
an extruded cracker-type product. The mean concentration is
estimated at <50 ppb.

In reviewing the production history of the lot, no deviation
from GMP or HACCP was found. The chemical could not be
identified in initial tests; however, targeted testing according to
the guidelines of Koster et al. (2011) permitted the determination
that the chemical was not a member of the excluded groups and
contained no structural alerts consistent with being a potent
carcinogen. Given that the substance is unknown, no toxicity
data or official guidance apply. On this basis, the TTC approach
is considered appropriate for this situation.

DISCUSSION

With continued advances in analytical chemistry techniques
(Misiwa et al., 2010), more challenges can be expected in the
area of discovering and evaluating the safety of very low levels
of contaminants in food. Because the TTC approach offers the
potential to greatly simplify the assessment and prioritization
of chemical risks, it is important that the rigor, and thus the
legitimacy, of the approach be maintained.

Although the set of TTC values has a misleading simplicity,
each value is based on widely reviewed rigorous scientific prin-
ciples applied to well-regarded toxicity data. Taken together, the
resulting approach can help risk managers in the regulatory au-
thorities and the food industry by permitting them to prioritize
testing and allocation of resources to those situations in which
the need (i.e., the potential for harm to health) is greatest.

Since the initial establishment of the tiered, structure-based
TTC values developed by Munro et al. (1996), some effort has
gone into recognizing finer categories of toxicity, resulting in
the publication of additional threshold values for more specific
chemical classes (Table 1) (Kroes et al., 2004; Felter et al.,
2009). These refinements can present improved clarity in deci-
sion support by experts using the TTC. However, the granularity
of the subdivisions of data and the number of TTC threshold val-
ues may have a natural value-added limit.

The challenge of evaluating the appearance of a chemical
mixture in food, giving rise to a “forest of peaks” on a chro-
matograph, has not been addressed definitively. The European
Medicines Agency (2010) approach is to apply the relevant
threshold independently to each component of the mixture for
structurally unrelated genotoxic impurities in pharmaceuticals.
In addition to chemical structure and mode of action, target or-
gan and mechanism of action should be taken into account in
assessing the possible additive (or synergistic) effects of con-
taminants (Boobis et al., 2011). Rennen et al. (2011) recently

developed a system of assessing chemically complex food ma-
trices based on the decision scheme of Kroes et al. and used new
thresholds derived from new analyses of the original databases.
Ongoing research into toxicokinetic and toxicodynamic interac-
tions may lead to refinements in uncertainty factors for chemical
mixtures, which may in turn provide valuable insights into the
proper application of the TTC concept to co-occurring contam-
inants (Dorne et al., 2009).

Currently, given the limitations on applicability, the TTC
approach is anticipated to apply in only a small proportion of
contamination events. Future advances in this field are expected
in the area of the exposure duration and/or frequency, with the
aim to extend the methodology to explicitly account for less
than chronic exposures and to chemicals with the potential to
bioaccumulate. In addition, consideration must be given to ad-
ditional types of contaminants such as radionuclides and newer
substances such as nanomaterials, with respect to whether a
structure-based threshold can be devised in those cases.

When applied in accordance with the stepwise decision ap-
proach presented, the TTC concept fulfills a narrow but impor-
tant role in chemical risk management. It provides science-based
justification for focusing the need for animal use and investment
in toxicity testing to those cases in which it provides the greatest
benefit for public health. Animal use is not needed for exposures
that are so low that the testing will not provide any benefit. The
TTC approach is particularly well suited to address the continual
advances in analytical chemistry sensitivity, because reductions
in the limits of detection will create situations in which the rel-
evant exposure is more likely to fall into the range covered by
the TTC exposure threshold values.
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